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Abstract

The amphidinolides are a family of structurally-related cytotoxic natural products 

which have shown powerful antitumour activity against murine lymphoma (LI210), 

human epidermoid carcinoma (KB) and human colon tumor cells (HCT116). They 

occur naturally in only minute amounts, in specific strains of the microscopic marine 

dinoflagellate amphidinium sp. Total synthesis therefore becomes an important 

potential source of these natural products. Chapter One presents the amphidinolide 

family and specifically the isolation, structural features, biosynthesis and elucidation 

of the absolute configuration of amphidinolides C, F and U, then goes on to review 

the syntheses of specific fragments of amphidinolides C and F. Finally, we discuss 

our retrosynthetic approach towards amphidinolide C. Chapter Two begins with our 

approach to the synthesis of the (C18-C25) THF-fragment, including a successful 9- 

step route which utilizes an asymmetric dihydroxylation-iodoetherification strategy. 

We continue with the installation of the simple side chain of amphidinolide F via a 

Wittig reaction and the synthesis of the (C18-C29) dithiane in three steps. We then go 

on to present our approaches towards the synthesis of the (C18-C34) fragment of 

amphidinolides C and U. Firstly, we investigated a Stille-NHK coupling approach 

towards the installation of the side chain of amphidinolides C and U which was 

unsuccessful. Secondly, we examined a Stille coupling approach for the synthesis of 

the (C27-C34) fragment by using Carreira's enantioselective formation of propargylic 

alcohols and Negishi carboalumination. Although we installed the C29 stereocentre 

with excellent enantioselectivity, application of the carboalumination reaction failed. 

Thirdly, we examined a Stille coupling for the synthesis of the (C27-C34) fragment 

by using cuprate chemistry and asymmetric CBS-reduction. This approach showed 

success in the synthesis of the complex side chain, but epimerization at the C29 

stereocentre was observed at the final step. The fourth approach attempted was a three 

step synthetic transformation of the simple side chain of amphidinolides C and U 

which involved a diene-allylic hydroxylation, oxidation and NHK coupling. This 

route was finally chosen for the installation of the side chain. We then discuss our 

approach towards the (C10-C17) fragment of amphidinolides C and F which involves 

a dithiane alkylation approach. We show the syntheses of the (C15-C17)-dithiane in 5 

steps starting from the (5)-Roche ester and the (Cl l-C14)-epoxide in 7 steps starting 

from D-malic acid or from the but-2-yne-l,4-diol and we then go on to talk about the



dithiane coupling. Chapter Three reviews the findings presented in Chapter Two and 

describes the route towards the total synthesis of the three natural products. Chapter 

Four gives full experimental details, spectroscopic and physical data for all new 

compounds prepared.
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1. Introduction

1.1 The Amphidinolides

The amphidinolides la~ h are a family of structurally related cytotoxic natural products 

which have shown powerful antitumour activity against murine lymphoma (LI210), 

human epidermoid carcinoma (KB) and human colon tumor cells (HCT116). They 

occur naturally, but in only minute amounts and only in specific strains of the 

microscopic marine dinoflagellate Amphidinium sp.

In 1986, Kobayashi and colleagues2 reported the discovery of these organisms off the 

coast of Okinawa, Japan. Then, in 1994, a different strain of the dinoflagellate was 

found free-swimming off the coast of the US Virgin Islands by Shimizu and 

colleagues . Extensive culturing of specific strains of the dinoflagellates amphidinium 

sp. in multilitre tanks 18 yielded only a few milligrams of some of the amphidinolides, 

which was insufficient for biological testing and development of these promising 

compounds into anti-cancer drugs. Identification of the polyketide synthase4 in the 

dinoflagellate Amphidinium sp. is difficult due to the huge genome of the 

dinoflagellate. Total synthesis therefore becomes an important potential source of 

these natural products.

The amphidinolide class of natural products 1 currently includes 35 macrolides 

(amphidinolides A - H, J - X, B3, and caribenolide I). The letter names of the 

amphidinolides were assigned based on the order of isolation during systematic 

separation using silica gel column chromatography and Ci 8 HPLC of the fractions 

extracted from the harvested cells of the dinoflagellate Amphidinium sp.. Some 

examples are shown in Figure 1. Amphidinolides show diversity in size and possess 

several interesting structural features, including lactones of odd-numbered ring size, 

abundance of stereogenic centres, exo- and endocyclic double bonds, oxygen 

containing substituents (such as epoxides, THF and THP rings, hydroxyl groups and 

ketones). Of all the amphidinolides, the most potent anticancer activities' are 

displayed by amphidinolides B 3, C 13, G2 5, H2 6 and N 4 with 1C values against 

LI210 and KB cells <0.006 ug ml" 1 .

12



Amphidinolide A 1

Amphidinolide B 3

OH O

O

Amphidinolide G2 5

Figure 1

Amphidinolide Tl 2

HO/,
OH

HO,

Amphidinolide N 4 

- OH O

Amphidinolide H2 6

We are particularly interested in amphidinolide C5 13 (Figure 3) which exhibits potent 

cytotoxic activity against L1210 and KB cells in vitro (values of 0.0058 and 0.0046 

ug/ml respectively). It was isolated, in 19885a from the Y-5 strain of Amphidinium sp. 

by Kobayashi. Later in 20005c , relatively large amounts of amphidinolide C were 

isolated from three strains [Y-56 (9 x 10'4 % yield), Y 59 and Y-71 (12 x 10"4 % 

yield)] of the genus Amphidinium, which were separated from the inside cells of the 

marine acoel flatworms Amphiscolops species.
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Amphidinolide C is one of the most potent of all the substances tested to date in the 

NCI screen, thereby attracting attention as potential cancer drug. It is a 25-membered 

macrolide which is characterised by the presence of a /ra/w-2,5-disubstituted- and a 

2,3,5-trisubstituted-tetrahydrofuran ring, three secondary hydroxyl centres and two 

ketone groups.

The gross structure (Figure 2) of amphidinolide C 13 was elucidated in 19885a mainly 

on the basis of spectroscopic data, especially 2D NMR data, including 'H-detected 

heteronuclear multiple bond correlation (HMBC), and the relative stereochemistry of 

the (C1-C8) and (C20-C23) fragments was assigned by NOESY correlations.

In 2001, after isolation of a relatively large amount of amphidinolide C, Kobayashi 

and coworkers reinvestigated the relative stereochemistry and determined the absolute 

stereochemistry of the twelve chiral stereocentres of the natural product. 50 /-based 

configuration analysis of amphidinolide C 13 revealed the erythro-relation for the 

C12-C13 bond and the threo-relaiion for the C23-C24 bond. The absolute 

configurations at the C13 and C29 stereocentres were determined by the modified 

Mosher's method on the (R) and (S)-MTPA ester-derivatives of the 7,8-0- 

isopropylidene derivative 8 of amphidinolide C. For the investigation of the absolute 

configuration at the stereocentres C3, C4 and C5, they compared the 'H-NMR spectra 

of the bis-CS)-MTPA and bis-(/?)-MTPA esters of the C1-C7 segment of the 

amphidinolide C derived from a natural specimen with the derivatives of the 

corresponding synthetic fragment 9. The absolute configurations at the C7, C8 and 

C24 centres were elucidated by application of the modified Mosher's method for the 

linear methyl ester 7 of amphidinolide C. They determined the absolute configuration 

at the C16 centre by comparing the ! H-NMR data of the bis-(fl)-MTPA ester of 1,3- 

butanediol 12 corresponding to the segment of a natural specimen of amphidinolide C 

with the data of the synthetic bis-CR)-MTPA esters of the (S>(+) and (/?)-(-)-1,3- 

butanediol. Furthermore in 2003 Kobayashi and coworkers, by comparison of the 'H- 

NMR chemical shifts of the MTPA-esters of each diastereomer of the synthetic (Cl- 

C10) 10a,b and the (C17-C29) lla,b segments with those of the linear methyl ester of 

the amphidinolide C 7, confirmed the absolute configuration at the C7, C8, C20, C23 

and C24 centres. 6 Therefore the twelve chiral centres have been assigned to be 3S, 4/?, 

6/?, 7/?, 8/?, 127?, 13S, 16S, 2QR. 23/?, 247? and 29S.

14



o

10b'-

Figure 2

34 R=

Amphidinolide U 

16

34 "=^n3

Amphidinolide C Amphidinolide C2 Amphidinolide F 
13 14 15

O

OH

Figure 3

i7 •Dinoflagellate Amphidinium sp. (strain Y-71) was cultured in a 100 L nutrient- 

enriched seawater medium during feeding experiments with [1- 13C], [2- 13C] and [1,2- 

I3C 2 J sodium acetates in order to verify the biosynthesis of amphidinolide C (Figure 

4) These showed that amphidinolide C is a non-successive mixed polyketide 

consisting of four diketide chains, four acetate units, five isolated Ci units from C-2 of 

acetates and an m-m and an m-m-m unit derived only from C-2 of acetates (where c 

denotes the carbon derived from C-l of an acetate extender unit and m denotes the 

carbon derived from C-2).
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Amphidinolide C2 14 (Figure 3), was isolated from the Y-71 strain of the symbiotic 

dinoflagellate Amphidinium species which was obtained from an acoel flatworm 

Amphiscolops sp. collected off Sunabe, Okinawa. Structure elucidation suggested that 

an acetoxy group was attached to C-29, thus the structure of amphidinolide C2 was 

elucidated to be the 29-O-acetyl form of amphidinolide C. Amphidinolide C2 

exhibited cytotoxicity against murine lymphoma LI 2 10 and human epidermoid 

carcinoma KB cells (ICso 0.8 and 3 ug/uL, respectively) in vitro. This made it less 

potent than amphidinolide C.

Amphidinolides F9 15 and U 10 16 (Figure 3) are considered to belong to the same 

group as amphidinolide C in the structural diversity of amphidinolides. 

Amphidinolide F is a congener of amphidinolide C with a shorter side chain by a C^ 

unit than that of amphidinolide C and possesses weaker cytotoxic activity against 

murine lymphoma L1210 and epidermoic carcinoma KB cells in vitro (ICso=1.5 and 

3.2 ug ml" 1 respectively). Amphidinolide U 11 is a 20-membered macrolide possessing 

a tetrahydrofuran ring. The  9-029 unit in amphidinolide U corresponds to that of C^- 

 34 of the amphidinolide C. This observation suggests that amphidinolide U may be 

biogenetically related to amphidinolide C and A, but it shows only weak cytotoxic 

activity. Furthermore the configuration of its Cll-stereocentre is not known and 

therefore synthesis of the natural product would potentially also allow confirmation of 

the absolute stereostructure of amphidinolide U.



The biological mode of action of amphidinolides C, F and U is not known but recently 

Osada and co-workers 11 as well as Saito and co-workers 12 reported their studies on the 

biological mode of action of amphidinolide H 6, a highly potent member of the 

amphidinolide family with IC50 cytotoxicity values (LI210=0.00048 ug/ ml and 

KB=0.00052 pg/ ml). They reported that amphidinolide H is a novel actin inhibitor, 

which targets actin cytoskeleton and stabilizes F-actin. It induces multinucleated cells 

by disrupting actin organization in the cells and the hyperpolymerization of purified 

actin into filaments of normal morphology in vitro. It is the first compound that binds 

actin polymer covalently and its binding site is determined as Tyr200 of the actin 

subdomain 4. It stimulates the formation of small actin-patches, followed by F-actin 

rearrangement into aggregates via the retraction of actin fibers. Actin-targeting toxins 

have proven to be invaluable tools in studies of actin cytoskeleton structure function 

and they also serve as a foundation for a new class of anticancer drugs. Despite the 

fact that anticancer drug development strategies have traditionally focused on direct 

inhibition of cancer cell growth other rate-limiting processes in the progression of 

cancers are also promising targets for intervention. Therapeutic agents that potently 

inhibit invasion and metastasis, later points in cancer progression, could be effective 

in restraining new tumor formation when earlier therapy has failed or could increase 

successful containment of solid tumors in combination therapy with other agents.

Therefore the poor natural abundance, the remarkable biological activity and 

interesting structural functionality makes the amphidinolides attractive synthetic 

targets. Since the first reports regarding the amphidinolide family, considerable effort 

has been focused on synthesising these macrolides. The total synthesis of 

amphidinolides A, 13 E, 14 G, 15 H, 15 J, 16 K, 17 iso-epoxy-amphidinolide N, 18 P, 19 T,20 X21 

and Y21 have been reported so far. Since there are in the literature extensive reviews'" 

on the total synthesis of these amphidinolides, we will not discuss further in this thesis 

the details of these syntheses. To date there is no reported total synthesis of 

amphidinolides C 13, F 15 or U 16; however, three groups have reported work on the 

synthesis of fragments of amphidinolides C and F, which contain the tetrahydrofuran 

moieties.

17



1.2 Studies towards the synthesis of the amphidinolide C

1.2.1 Kobayashi synthesis of the C17-C29 and C1-C10 fragments

The Ci 7 -C29 fragment of amphidinolide C 13 contains a fra/7s-2,5-disubstituted 

tetrahydrofuran with an a-S-carbinol centre. There is only one reported procedure" 

for the synthesis of this fragment, by Kobayashi' s group in 2003 (Scheme 1). The 

synthesis of the segment started from (7?)-5-benzyloxymethyl-y-butyrolactone 17, 

which was prepared from D-glutamic acid24 in 4 steps. A two-carbon elongation using 

a Wittig reaction afforded the E-olefin 18 and the unsaturated ester was converted into 

a tetrahydrofuran through Michael addition. The ester was reduced to the aldehyde 

using DEBAL-H, followed by subsequent protection of the hydroxyl group with 

TBDMSCl and deprotection of the benzyloxy group by hydrogenation to afford a 1:1 

mixture of diastereoisomers 19a,b which were separable by FCC. The alcohol 19b 

was oxidised under Parikh-Doering conditions and the resultant aldehyde was treated 

with vinylmagnesium bromide to afford a 1:1 mixture of diastereoisomers 20a,b, 

which were again separable by FCC.

CO2Et
c-f

17 18 19a, a- H20 , 43%
19b, |3-H20l 43% FR2

19b — — ——

20a, R = H, R = OH, 41% 
20b, R 1 = OH, R2 =H, 37%

Reagents and conditions: a. DIBAL-H, CH2C1 2 , -78 °C, 1 h; b. Ph,P=CHCO2Et, benzene, 55 "C, 16 h; 

c. TBAF, THF, r.t., 1 h; d. DIBAL-H, CH2C1 2 , -78 "C, 1 h; e. TBDMSCl, DMF, r.t., 3.5 h; f. H 2 , Pd-C, 

EtOH, r.t., 6 h; g. SOrPyridine, DMSO, Et3N, CH2C1 2 , 0 "C then r.t., 20 min; h. vinylMgBr, THF, 0 

"C, 1 h.

Scheme 1
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In continuation of the synthesis (Scheme 2), the hydroxyl group in 20a was converted 

into the 2-(trimethylsilyl)ethoxymethyl (SEM) ether. Treatment with OsO4 , followed 

by NaIO4 resulted in generation of an aldehyde, which was reacted with (3-methyl-2- 

butene-l-sulfonyl)benzene in a Julia coupling to afford a mixture of p-benzoyloxy 

sulfones 21. At this stage, the SEM and TBDMS groups were removed by treatment 

with trifluoroacetic acid in CH2C12 at 0 °C and then the two hydroxyl groups were 

protected as their TES-ether, since the removal of the SEM group was troublesome in 

the following steps. The resultant bis-TES ether was treated with sodium amalgam 

[Na(Hg)] to afford an £-olefin 22; the Z-isomer was not obtained. The TES group on 

the primary hydroxyl group was removed selectively by treatment with AcOH-THF- 

J-bO (1:20:20) at 0 °C and the hydroxyl group was oxidised using the Parikh-Doering 

procedure. The resultant aldehyde was treated with MeMgBr to afford an alcohol, 

which was oxidised to afford ketone 23. The TES group at C-24 was removed by 

treatment with AcOH-THF-H2O (1:10:10) at 0 °C to afford the (207?, 237?, 24/?)-C-17- 

C-29 segment lla.

20a
a, 95%

b-e, 67%

m

92%

22

Ph02S OSEM
H

OBz

OTES

21

i, 75%

j-l, 49%

OTES
f,9, 82%

h, 67%

Reagents and conditions: (a) SEMCl, ;-Pr2NEt, CH2C1 2 , r.t., 4 h; (b) OsO4, NMO, acetone-H 2O (8:1), 

r.t., 19 h; (c) NaIO4 , THF-phosphate buffer (1:1), 0 °C then r.t., 1 h; (d) (CH,)2C=CHCH2 SO 2Ph, BuU 

THF, -78 "C, 2 h, then r.t., 1 h; (e) B/CI, DMAP, Et.,N, CH2C1 2 , 0 °C, 20 h; (0 TEA, CH 2 C1 2 , 0 "C, 30 

min; (g)TESCl, imidazole, DMF, r.t., 3 h; (h) Na(Hg), Na2 HPO4 , THF-MeOH (3:1), -20 "C, 1 h; (i) 

AcOH-H 2 0-THF (1:20:20), 0 "C, 1 h; (j) SOrpyridine, DMSO, Et.,N, CH 2 C1 2 , 0 "C then r.t., 30 min; 

(k) MeMgBr, THF, 0 "C, 1 h; (1) SOrpyridine, DMSO, Et 3N, CH 2CU r.t., 30 min; (m) AcOH-H 2 O- 

THF( 1:10:10), 0 "C", 4 h. 

Scheme 2
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Therefore, the Ci7-C29 fragment lla was synthesised in 20 steps from (R)-5- 

benzyloxymethyl-y-butyrolactone (which can be synthesised from D-glutamic acid in 

two steps), with an overall yield of 1.8%. The major downfalls of this route are that it 

is not diastereoselective and that several protecting groups are used.

The C1-C10 segment was also synthesised by Kobayashi23 (Scheme 3), from 

tetrahydrofuran 26, which was prepared from y-butyrolactone 24 (derived from D- 

glutamic acid~4 in 6 steps). Oxidation of 26 with Dess-Martin periodinane followed by 

treatment of the corresponding aldehyde with vinylmagnesium bromide afforded a 1:1 

mixture of 27a and 27b, which were separated by FCC.

a,b

90%
BnO

CO2 Et

24

c,d, 86% 
e, 99%

—————————————!

f, 98%

25 '

HO
OTBS 9' h _ ^Xl/0'r' OTBS

26

27a, R 1 = H, R2 = OH, 33% 
27b, R 1 = OH, R2 =H, 33%

Reagents and Conditions: a. DIBAL-H; b. Ph3PCHCO2Et; c. TBAF, d. DIBAL-H; e. TBSC1, 

imidazole, DMF, r.t., 1 h; f. H 2 , Pd-C, EtOH, rt, 6 h; g. Dess-Martin periodinane, NaHCO3 , CH2C1 2 , 

r.t., 30 min; h. vinylMgBr, THF, 0 °C, 1 h.

Scheme 3

In continuation of the synthesis (Scheme 4), the (7/?)-alcohol 27a was converted into 

the corresponding TES ester 28 and treatment of the terminal olefin with OsC^ and 

then NaIO4 afforded an aldehyde, which was subjected to a Grignard reaction with 

isopropenylmagnesium bromide to afford the 1,%-erythro and threo diols (29a and 

29b). Silyl-deprotection followed by formation of the 7,8-<9-isopropylidene acetal, 

oxidation and methylation (TMSCHN2 ) afforded the corresponding methyl ester 31. 

Finally the acetonide of 31 was hydrolysed to afford the (7/?, 8/?)-Cl-C10 segment 

lOa

20



27a

b-d

51%

98%

29a = 48%

28 '

OTBS

OTBS

29b = 28%

OTBS

29a
86%

CO2 Me
84%

f-i

52%

CO2 Me

Reagents and conditions: a. TESCl, imidazole, DMF, r.t., 3 h; b. OsO4 , NMO, acetone, H2O, r.t., 16 h; 

c. NaIO4 , THF-phosphate buffer (1:1), 0 °C, 1 h; d. isopropenylMgBr, THF, -78 "C, 30 min; e. AcOH- 

H2O-THF (3:1:1), r.t., 6 h; f. 2,2-dimethoxypropane, PPTS, acetone, r.t., 1 h; g. SOrpyridine, DMSO, 

Et»N, CH2C1 2 , r.t., 1 h; h. NaClO2 , NaH2PO4, 2-methyl-2-butene, f-BuOH-H2O (4:1), 0 "C, 1 h; i. 

TMSCHN2 , MeOH, 0 °C, 1 h; j. PPTS, MeOH, 55 °C, 5 h.

Scheme 4

This C1-C10 segment lOa was synthesised in 18 steps, with an overall yield of 2.2% 

starting from y-butyrolactone (which is available from D-glutamic acid in 6 steps). 

The main downfalls of this sequence; as in the synthesis of the the Cn-C29 fragment, 

are that it is not diastereoselective and that protecting groups are employed 

extenstively.

Kobayashi also reported a synthesis of the C1-C9 fragment25 of amphidinolide C in 

1996 using a different approach (Scheme 5). The diastereoisomer 41 was synthesised 

starting with the epoxy alcohol 32 possessing 25", 35", ^-configuration, which was 

prepared from (+)-methyl-3-hydroxy-2( 1V)-methylpropionate. Reduction of the
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epoxide 32 with (Red-Al) selectively afforded the 1,3-diol, the acetonide 33 of which 

was converted into the ester 34 in five steps. Reduction of 34 with DIBAL-H afforded 

the corresponding allyl alcohol, which was subjected to Sharpless asymmetric 

epoxidation using (-)-diethyl tartrate to form epoxy alcohol 35 together with a THF- 

bearing triol 36 in a ratio of 4.1:1. The acetonide epoxy alcohol 35 was readily 

transformed into the triol 36 by treatment with IN H2SO4 . The two primary hydroxyl 

groups of 36 in the C1 and C8 positions were selectively protected in three steps with 

tert-butyldimethylsilyl and p-methoxyphenylmethyl groups, respectively, to give 37, 

which was converted in two steps into 38. Swern oxidation of 38 followed by Wittig 

reaction afforded 39, which under AD-mix-a conditions afforded a mixture of erythro 

and threo-diols in a ratio of 7:1. The diastereomeric mixture was treated with phenyl 

isocyanate to give W-phenylcarbamates, the threo-isomer of which was removed by 

FCC. The ^ryr/zro-N-phenylcarbamate 40, was then subjected to hydrogenolysis in the 

presence of palladium hydroxide on carbon, resulting in deprotection of both benzyl 

and TBS groups to give a triol, which was finally acetylated to give the triacetate 41.

Therefore the C1-C9 fragment 41 of amphidinolide C was synthesized in 24 steps 

with an overall yield of 0.35% from the starting epoxy alcohol 32.



EtO2C
c HO

PhNHCOc

OAc

OTBS

37 R 1 =H, R2=PMB -
38 R 1 =Bn, R2=H -

H°H
OAc

41

OAc
PhNHCO

OBn
39

h

OBn
40

OTBS

OTBS

Reagents and conditions: a. 1. Red-Al (96%); DMP, PPTS (99%), b. 1. H2 , Raney Ni (90%); 2. TsCl, 

Et.,N, DMAP (93%); 3. NaCN, DMSO; 4. DIBAL; 5. EtO2CCH=PPh3 (3 steps, 79%); c. 1. DIBAL-H 

(86%); 2. (-)-DET, TBHP, Ti(/-Pr)4 [35 (62%) and 36 (16<7r )]; d. IN H2SO4 (90%); e. 1 . p-anisaldehyde 

dimethylacetal, TsOH (62%); 2. TBSCl, imidazole (86%), 3. DIBAL-H (61%); f. l.BnBr, NaH (81%); 

2. DDQ, phosphate buffer (81%); g. 1. (COC1)2 , DMSO, Et.,N; 2. Ph3PCH,Br, n-BuLi (2 steps, 51%); 

h. 1. AD-mix-a (56%); 2. PhNCO, DMAP, pyridine, then silica gel column (hexane/EtOAc, 5:2) 

(58%); i. 1. H 2 , Pd(OH)2/C; 2. Ac :O, pyridine (2 steps, 68%).

Scheme 5



1.2.2 Mohapatra synthesis of the C19-C34 fragment 42 of amphidinolide C

Mohapatra's group26 published the synthesis of the C19-C34 fragment 42 of 

amphidinolide C in 2007 while we were completing the synthesis of the same 

fragment in our group. Their retrosynthesis (Scheme 6) involves a Mioskowski Lewis 

acid catalysed regioselective opening of epoxide 48 with the alcohol 47 followed by a 

RCM reaction to construct the tetrahydrofuran unit 45. They planned to install the 

side chain using a sequence of Wittig and Nozaki-Hiyama-Kishi coupling.

BnO

BnO QBn 
45

BnO

/
OPMB OH

OBn 
47

44

OPMB

48

Scheme 6

They began the synthesis of 48 (Scheme 7) by applying Sharpless asymmetric 

epoxidation to 49. Subsequent oxidation with IBX in DMSO followed by one-carbon 

Wittig reaction gave the corresponding vinyl epoxide 48.

a,b
Q

50
-OPMB

c,d
-OPMB

48

(a) NaH, PMBCl, DMF, 0°C to r.t., 78%; (b) (+)-DET, Ti(Oi-Pr)4 , TBHP, -30°C, 20 h, 81%; (c) IBX, 

DMSO, THF, r.t., 6 h, 89%; (d) Br Ph3P+CH3 , NaHMDS, THF, 0°C, 4 h, 72%

Scheme 7
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They carried out the coupling reaction (Scheme 8) between 47 and 48 in the presence 

of 1 mol% of Cu(OTf)2 to afford the diene 46 in 67% yield. The secondary hydroxyl 

group was then protected as its benzyl ether and subsequent RCM using Grubbs' 

second generation catalyst afforded the dihydrofuran derivative 52 whose 

hydrogenation in the presence of 10% Pd/C afforded the tetrahydrofuran derivative 

53.

^
b

"OH 

OBn 
47 48 46 51

-OPMB —^—• /HVTN^OPMB —~ r^o^'Y ^OH
BnO n " QBn BnO H H QBn BnO H H QBn 

52 53 45

(a) Cu(OTf)2 , CH 2 C1 2 , r.t., 4 h, 67%; (b) NaH, BnBr, DMF, 0"C, 2 h, 87%; (c) Grubbs II catalyst, 

CH2C1 2 , 18 h, 79%; (d) Pd/C, H 2 , EtOAc, 2 h, 72<7r; (e) DDQ, CH2C1 2-H2O, r.t., 4 h, 859f.

Scheme 8

Removal of the PMB group with DDQ gave the primary alcohol 45 which was 

oxidized with DBX (Scheme 9) and was then subjected to the Wittig-Horner reaction 

to give 56. DEBAL-H reduction-oxidation formed the aldehyde 58 which was 

subjected to the Nozaki-Hiyama-Kishi coupling in the presence of CrCb and 60 mol% 

of NiCh to give a diastereomeric mixture of the target 42 They tried to improve the 

selectivity by oxidizing the diastereomeric mixture to the corresponding ketone 

followed by diastereoselective reduction with the CBS reagent. However, they 

obtained an intractable mixture of products which they suggested was due to "the 

highly conjugated nature of the system", i.e. the favourable formation of a very stable 

cation upon removal of the OH could then lead through to several possible by 

products. While specific by-products were not identified, the instability of this di- 

allylic alcohol is interesting and relevant to our work presented later in the thesis (vide 

infra). Mohapatra's group finally separated the mixture of diastereoisomers by 

preparative liquid chromatography and they assigned the newly formed secondary 

hydroxyl group bearing centre by the modified Mosher's method.
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BnO H H QBn
J I

o
OEt

BnO H H QBn 
42

(a) IBX, DMSO, THF, 5 h; (b) LDA, THF, -78°C, 2 h, (65% over two steps); (c) DIBAL-H, CH 2C1 2 , - 

78°C, 1 h, 91%; (d) IBX, DMSO, THF, r.t., 2 h; (e) CrCl2 , NiCl 2 , DMSO, r.t., 24 h, 71% (over two 

steps).

Scheme 9

In conclusion, Mohapatra and co-workers synthesised the C19-C34 fragment 42 of 

amphidinolide C in 10 steps using the the corresponding epoxide 48 and the alcohol 

47 (neither of which is commercially available, and the preparation of which requires 

several additional steps) in 12% overall yield. For the formation of the C28-C29 bond, 

they used a stoichiometric and non-asymmetric version of the Nozaki-Hiyama-Kishi 

coupling which forms the target fragment 42 as a diastereomeric 1:1 mixture of 

compounds separable by preparative liquid chromatography.



1.2.3 Roush synthesis of the C11-C29 fragment 79 of amphidinolide F

Roush's group from the University of Michigan reported the synthesis of the Cl 1-C29 

fragment 79 of amphidinolide F, in 2004. 21 According to the retrosynthesis (Scheme 

10) disconnection of 59 gave the fragments 60 and 61 which could be combined
"\ ^

together with an sp"-sp~ coupling and lactonization where the formation of the C17- 

C18 bond in fragment 60 was to be constructed via dithiane alkylation. The key 

compound 60 bearing functionality at C26 could be used to install the side chain of 

both amphidinolides C and F. The C3-C6 and C20-C23 tetrahydrofuran units were to 

be constructed via chelate-controlled [3+2]-annulations of the corresponding chiral 

allylic silanes.

dithiane alkylation BzO

lactonization

59

OMe

OTBS

61

Scheme 10

Synthesis of the key C20-C23 tetrahydrofuran (Scheme 11), began with the known 

aldehyde 62. Silylallylboration with (+)-pinene-derived silylallylborane followed by 

TBS protection afforded a-hydroxyallylsilane 64 in 57% overall yield (91% ee). 

Reaction with ethyl glyoxylate and SnCU gave the [3+2]-annulation product 66 in 

62% yield as a single diastereoisomer resulting from the syrc-synclinal transition state. 

Subsequent manipulations provided the corresponding iodide 68. Alkylation of the 

iodide with dithiane 69 afforded a mixture of silylated and desilylated terminal 

alkynes 70. Reaction of the crude reaction mixture with tetrabutylammonium fluoride 

in THF at 0 °C gave propargyl alcohol 71 in 97% yield, from iodide 68.
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OHCS
SiEt a.

62

SiEt

SiMe2Ph 
TBSO0' T O

.SiMe2Ph

e,f

OTBS 
67, R=OH

68, R=l

63
B(IPC)2 , b

OEt

69

SiMe2Ph

p

oII
H C02 Et 

65____

SiMe2 Ph

OR
70, R=TBS, R 1 =TES 

— 71, R=H, R 1 =H

a.BF3 .OEt2 , THF, -78°C; b. TBSC1, imid., DMF, 57%, 91% ee; c. SnCl4 , CH2C1 2 , -78°C, <lh, 62%, 

d.r.>20:l; d. DiBAL-H, THF, 0°C, 99%; e. MsCl, Et,N; f. Nal, acetone, 92%; g. r-BuLi, THF/HMPA,- 

78"C (R'=TES:H, ca 4: 1 ); h. TBAF, THF, 0°C, 97% .

Scheme 11

TBAF-mediated protiodesilylation of 71 proceeds via the intermediate isolable silanol 

in THF/DMF solvent mixtures in good isolated yield. Protection of the C24 hydroxyl 

of 72 (Scheme 12) as the corresponding TBS ether, DDQ-mediated deprotection of 

the PMB protective group and Parikh-Doering oxidation of the derived primary 

alcohol afforded aldehyde 73 in 94% yield over three steps. Treatment of the aldehyde 

73 with the dicyclohexylboron enolate derived from the methyl ketone gave p- 

hydroxy ketone 75 as a single diastereoisomer in 93% yield. The stereochemistry of 

the C15-OH group was found to be the predicted Felkin addition in the aldol step, 

which resulted in the (^-configuration. An Evans-Tishchenco reduction of the (3- 

hydroxy ketone 75 afforded an 11:1 mixture of the diastereomers 76 with the anti-\,3- 

benzoate predominating. Silylation followed by a stannylation-iododestannylation 

sequence afforded (£)-vinyl iodide 77. This intermediate was the key point of 

divergence for the synthesis of amphidinolide F 15 and C 13. Stille cross-coupling



with the known vinnylstannane 78 afforded diene 79, corresponding to the C11-C29 

fragment of amphidinolide F 15.

Roush has therefore synthesised the C11-C29 fragment 79 of amphidinolide F 15 in 

18 steps and 9.7% overall yield and the intermediate 77 in 17 steps with 18% overall 

yield.

71

PMBO

PMBO b, c, d————————

H°H 

72
OH

H
H°H 

73
OTBS

"OTIPS 77 

-OPMB

'OTIPS 79 

OPMB

a.TBAF, THF/DMF, 85°C, 24 h, 90%; b. TBSCl, imid., DMF; c. DDQ, DCM/H2O; d. SO3 .Pyr., 

DMSO, Hunig's base, 94%; e. CyBCl, EuN, Et2O, -78°C, 93%, >20:1 d.r.; f. SmI 2 , PhCHO, THF, 

-10°C, 937r, 11:1 d.r.; g. TIPSOTf, 2,6-lutidine, CH2C1 2 , -78°C to r.t.; h. Bu3 SnH, PdCl 2 (PPh,) 2 , THF, 

0°C; i. I 2 , THF, -78°C, 799f; j. (PPh3 ) 2PdCl(Bn), DMF, 65°C, 547r.

Scheme 12
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1.3 Proposed work

Our approach to amphidinolide C 13 is shown in Scheme 12, with disconnections to 

three key fragments 80, 81 and 82. Macrolactonisation28 and an enyne metathesis29 or 

sp~-sp~ coupling10 for the formation of the C9-C10 bond seemed highly appropriate 

given the large range of options for carrying out this type of process. Recognising the 

1,4-dicarbonyl unit at C15-C18, we also envisaged bond construction at C17-C18 by 

reaction of an acyl anion equivalent - e.g. a 1,3-dithiane - with a suitable C17 

electrophile. Turning our attention to key fragment 82 we considered an 

enantioselective Nozaki-Hiyama-Kishi (NHK) coupling31 of a C29-aldehyde with a 

vinyl halide for installation of the remote stereocentre at C29. Moving on to the 2,5- 

disubstituted-THF, we envisaged a rapid access to the a-hydroxy-diester 84 via a 

desymmetrising mono-AD/Michael reaction on symmetrical precursor 85. This 

process would raise interesting questions of regio- and stereocontrol (vide infra), but 

would potentially provide a concise route to the key intermediate 84. Subsequent 

differentiation of the two ester functionalities of 84 was thought likely to be possible 

via selective reduction of the a-hydroxy-ester ~ which would then provide the C25- 

aldehyde 83, which could be used for the construction of the (C25-C28)-diene via 

either a Wittig olefination or a sequence of Takai olefmation /Stille-coupling.
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EtO
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Scheme 13
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2. Results and discussion

In Section 2.1 of this chapter we discuss the synthesis of the C18-C25 fragment 84 of 

amphidinolide C 13 and the C18-C29 fragment 86 of amphidinolide F 15. We 

continue the discussion in Section 2.2, with the four different pathways followed for 

the synthesis of the C18-C34 fragment of amphidinolide C. Finally, in Section 2.3 we 

present the synthetic route towards the C10-C17 fragment of amphidinolide C.

2.1 Studies towards the synthesis of the C18-C25 fragment 83 of amphidinolide 

C/C2 and the C18-C29 fragment 86 of amphidinolide F

25

H ~ H

83
OTBS H ~ H 

86
OTBS

Figure 5

We envisaged a rapid access to the a-hydroxy-diester 84 via a desymmetrising mono- 

AD/Michael reaction on symmetrical precusor 85 (Scheme 14). Subsequent 

differentiation of the two ester functionalities of 84 was thought likely to be possible 

via selective reduction of the a-hydroxy-ester 1 " which would then provide the C25- 

aldehyde 83; this could then be used for the construction of the (C25-C28)-diene via a 

Wittig olefination.

EtO

EtO

83

a-hydroxy 
ester reduction -^

OTBS

OEt
AD

•y Eto

Michael
OEt

OEt

O

Scheme 14



Ideally, the AD and Michael reactions would be combined into a novel one-pot 

procedure allowing direct conversion of 85 to 84. The forward synthesis would raise 

several interesting questions of regio- and stereoselectivity. The Sharpless AD 

reaction is well established to give good enantioselectivities with rra/zs-disubstituted 

alkenes, but we would need to ensure selective mono-dihydroxylation of 85. While 

we could not find direct literature precedent for selective AD reaction on 2,6- 

dienoates, a closely related example was found in the selective mono-dihydroxylation 

of 88 using OsOVNMO (Scheme 15). 34

TBSO

TBSO'"

OEt OsO4 (5 mol%) 
NMO (2 eq)

Me2CO-H2O
OEt r -t-, 0.6 h 

94%

OTBS 
OH

COOEt
OTBSOH

89

Scheme 15

Presumably the inductive deactivating effect of the newly introduced OH groups 

reduces the rate of the second dihydroxylation. In our case, we hoped that in situ 

Michael reaction would further prevent the possibility of a second AD. For the 

Michael reaction, regio- and stereocontrol were key issues. We required selective 5- 

exo-trig cyclisation of 87 over the alternative possible 6-exo-trig. We envisaged that 

the smaller ring size would be kinetically favoured. In support of this is the selective 

cyclisation of the triol 90 (Scheme 16) with 30 mol% of NaOEt in EtOH as reported 

by Delorme and coworkers.

HO H

H OH
90

NaOEt >
OEt H

HO 91

Scheme 16
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Stereoselectivity was also a key question. While there are many examples in the 

literature of THF formation by stereoselective 5-exo-trig cyclisations of alcohols onto 

electron poor alkenes, most of these contain substituents on the linking chain between 

the alcohol and the alkene which are likely to influence the stereochemical outcome. 

The most representative examples (Scheme 17) are: a) the frans-selective synthesis of 

the C1-C7 segment 93 of amphidinolide C5c and b) the synthesis of the C1-C12 

fragment of amphidinolide Tl 36 which gave the THF-product 95 as a 4.5:1 trans\cis 

mixture of diastereoisomers.

BnO

EtO2C'

H CO2 Et

92

94

TBAF, THF———————»
94%, 1 h, r.t.

BnO

NaOMe, MeOH 
-15°C, 24h, 95%

4.5:1 trans:cis

OEt

93
O

CO2 Et

\\ 95

Scheme 17

There are very few examples which, as in our situation, lack such substitution. The 

most relevant is the synthesis of the C17-C29 fragment of amphidinolide C (Scheme 

18) by Kobayashi and co-workers which gave the THF-product 97a,b as a 1:1 mixture 

of diastereoisomers.6 While this precedent was not encouraging, we hoped that a 

more comprehensive study of cyclisation conditions would allow improved 

stereocontrol.

BnO

CO2 Et H
TBAF

THF, 1h, r.t.
BnO OEt + BnO' OEt

96
43% 
97a

O
43% 
97b

Scheme 18
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2.1.1 Synthetic approaches towards the starting material EJ?-diethy\ octa-2,6- 
dienedioate 85

Our first target was to find an efficient route for the synthesis of dienedioate 85. Our 

first attempt to synthesize 85 involved a double olefin cross metathesis37 between 

ethyl acrylate 99 and diene 98 (Scheme 19). The olefin cross metathesis approach 

gave dienoate 85 (ca. 9:1, £,E:£,Z) in 27% isolated yield. The selectivity of the 
reaction towards the dienoate 85 appeared to be low, and ! H-NMR analysis showed 

the formation of a complex mixture of dienoate 85 and other cross metathesis 
products) which was difficult to separate by FCC.

98

Scheme 19

.OEt

99
O

Grubbs catalyst 
2nd generation

reflux, CH2CI2 
30 h, 27 %

.OEt

As an alternative approach we considered a double Wittig reaction on the dialdehyde 

101. We chose to use 2,5-dimethoxy-tetrahydrofuran 100 as the starting material 

which is low priced and available from Aldrich as a 1:1 mixture of cis- and trans- 

diastereomers. It is well known that 2,5-dialkoxy-tetrahydrofurans are hydrolysed 

with aqueous solutions of mineral acids to give 1,4-dicarbonyl compounds. Acid 

catalysed hydrolysis of 2,5-dimethoxy-tetrahydrofuran 100 gave succinaldehyde 101, 

a dicarbonyl compound which is volatile and water miscible - factors which greatly 

affected the yield of this reaction. Subsequent double Wittig reaction with the
•} Q

commercial carboethoxymethylenephenylphosphorane 102 gave the dienedioate 85 

in 36% overall yield from 100 (Scheme 20). This was an optimised yield with the use 

of the minimum amount of water during the synthesis of succinaldehyde 101. We 

obtained the product (E,E:E,Z = 92:8) 85 with a distinctive double triplet at 6.83 ppm 

with coupling constants 15.6 and 6.4 Hz and a doublet at 5.74 ppm with coupling 

constant 15.6 Hz.



cr "cr 
100

Scheme 20

HCI (aq)

THF, reflux 
2h 101

Ph3P=CHCO2 Et 
102_____

3AMS, CH2CI2 
r.t., 36 h, 36%

EtO =? \=^ OEt

Given our experience that dialdehyde 101 was difficult to isolate due to its volatility 

and/or its penchant to polymerize or hydrolyze, we hoped to circumvent these 

problems through a one-pot scheme in which the dialdehyde was generated by 

oxidation of 1,4-butanediol 103 and olefinated in situ. Several one pot reactions of 

this type have been reported with different oxidising agents. 39 PCC was selected first 

since literature examples suggest that this oxidant generally gives highest yields. 

Oxidation of butane-1,4-diol 103 with PCC (Scheme 21) in the presence of Celite® 

and subsequent olefmation by addition of the phosphorane in the same pot gave 

dienedioate 85 (E,E:E,Z = 92:8), but unfortunately the yield was even lower (22%) 

than with the previous method.

103

PCC, celite 

CH2CI2 , 6 h, r.t 101

Ph3P=CHCO2 Et
102——————————»

48 h, r.t., 22 %

EtO. /=! \= .OEt

Scheme 21

Next, we tested the in situ alcohol oxidation-Wittig reaction protocol (Scheme 22) 

reported by Taylor and co-workers41 for allylic, propargylic and benzylic alcohols, 

using activated manganese dioxide in the presence of stabilised Wittig reagents. 

However, we isolated only 14% of the dienedioate 85 together with degraded 

material.

103

MnO2 , Ph3P=CHCO2 Et 

toluene, reflux, 24 h, 14%
EtO OEt

O

Scheme 22
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Therefore, the second synthetic method (Scheme 20) was the method of choice for the 

synthesis of dienedioate 85.

2.1.2 Synthetic studies towards an asymmetric synthesis of the trans-2,5- 

disubstituted tetrahydrofuran 84.

With dienoate 85 in hand, we could now study the key AD/Michael addition process. 

Application of standard Sharpless AD conditions to 85 with 1 equivalent of AD-mix- 

(3 (Scheme 23, Table 1, Entry 1) in the presence of methane sulfonamide, which 

accelerates the reaction by facilitating the hydrolysis of the osmium (VI) glycolate, 

was completed in 1 h 30 min to 2 h. The dihydroxylation product 87 was isolated in 

85% yield together with 10% of the cyclised product 84, which was obtained as a 

mixture of 3:2 ratio of diastereoisomers according to *H NMR analysis. The 

enantiomeric excess of diol 87 was determined by chiral HPLC and found to be 73% 

(Appendix 3). Extended reaction time (up to 60 h, Entry 2) did not give the cyclised 

product 84 in greater yield despite the very high pH of the reaction environment. For 

comparison AD was also carried out with AD-mix-a (Entry 3). Interestingly, this gave 

diol ent-87 of lower ee (57% ee), despite the fact that the quinidine and quinine- 

derived ligands in the two AD-mixes usually behave as "pseudoenantiomers", giving 

products of similar enantiomeric excess. Because we did not in either case measure 

the ee of the cyclised products 84, we cannot rule out the possibility that the observed 

enantiomeric excess of 87 is influenced by a kinetic resolution in the cyclisation step.

37



EtO .OEt
AD-mix EtO OEt

11 ff 'BuOH:H2O(1:1), r.t. 
0 85 0

EtO

Scheme 23

Entry

1

2

3

4

5

6

7

AD-mixb Additive0 Time Yield 87

P CH 3 SO2NH2 2h 85%

P CH3SO2NH2 60h 85%

a CH3SO2NH2 2h 82%

P leq. DBU 48h 36%

CH3SO2NH2

P 2eq. DBU 18h

CH3 SO2NH2

P 2eq. NaOH 8h

CH3SO2NH2

P leq. NaOH llh

Bu4NCld

CH3SO2NH2

II HO 
87

O +A /~~A
^H\/T

H U H
84

Yield 84

10%

10%

12%

20%

35%

40%

30%

0 o

o

OH

cis:transa 

THF

3:2

3:2

3:2

3:2

3:2

3:2

3:2

acis: trans ratio determined from H-NMR; leq of AD-mix was used; c leq of 

Bu4NCl was used.

was used; leq of

Table 1: Application of AD on 85 and development of the one pot AD/ Michael cyclisation

We next attempted the AD reaction under the same conditions as the original AD- 

mix-a reaction, but in the presence of 1 equiv of DBU which, it was hoped, would 

promote cyclisation. TLC analysis showed disappearance of 85 after 6 hours to give a 

mixture of 87 and 84 (Entry 4). After 48 h, TLC showed that cyclisation was still not 

complete and 'H-NMR indicated that 84 was formed again as a 3:2 mixture of 

diastereoisomers. Use of 2 equiv of DBU resulted in complete conversion of 85 to 84
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in 18h with 35% isolated yield (Entry 5). We also attempted to use NaOH to promote 

the Michael cyclisation. TLC showed complete cyclisation in 8 h with formation of 84 

again as a 3:2 mixture of diastereoisomers in 40% yield (Entry 6). In another attempt 

to improve the conversion and simultaneously achieve a one pot reaction, the AD- 

reaction was carried out in the presence of 1 equiv of NaOH and 1 equiv of Bu4NCl as 

a phase transfer catalyst (Entry 7), which could potentially take hydroxide into the 

organic phase and thus accelerate the reaction. The reaction was completed in 11 h 

(30% yield of 84). These experiments demonstrated that the one-pot Michael/AD 

process was possible, but the yields were low, ranging from 30-40%. Since all of the 

diene 85 was consumed in the reaction, and no other products were isolated, the fate 

of the rest of the material is not clear. One possibility is that hydrolysis of the ethyl 

esters took place under the basic conditions, leading to salts which were lost upon 

aqueous work-up.

Since we had been able to isolate only low amounts of THF 84, but good yields of 

diol 87, we decided to investigate the cyclisation step separately (Scheme 24, Table 

2). A catalytic amount (10 mol%) of 'BuONa/BuOH did not promote cyclisation 

(Entry 1). 1 equiv of 'BuONa/BuOH gave 84 after 1 h in 40% yield as a 3:2 mixture 

of diastereoisomers (Entry 2). We also tried EtONa/EtOH in case transesterification 

was lowering the yield. A catalytic amount (10 mol%) of EtONa in EtOH/THF did 

not promote cyclisation (Entry 3). 1 equiv of EtONa in EtOH/THF gave 84 in 2 h and 

in 50% yield as a 3:2 mixture of diastereoisomers (Entry 4). In a final attempt, we 

screened LHMDS in THF which we hoped might provide a kinetic product ratio due 

to the use of a very strong base, at very low temperature. However, 84b and 84a were 

again obtained in 3:2 ratio.
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EtCX /=? ,OEt
O

EtO
OH

84a p-H20 
84b a-H2o

Scheme 24

Entry Conditions Time Yield 84 Cis:Transa

'BuONa/BuOH 7h

(10mol%)b 

'BuONa/BuOH Ih

lequiv. 

EtONa/EtOH/THF 7h

(10mol%)b 

EtONa/EtOH/THF 2h

1 equiv. 

LHMDS/THF 12h

40% 3:2

50%

N/AC

3:2

3:2

*Cis/trans ratio determined from 'H-NMR; hno reaction; c not available since the reaction 

did not go to completion

Table 2: Investigation of Michael cyclisation conditions on cis \trans ratio of 84

The most likely explanation for the formation of the 3:2 mixture of diastereoisomers 

was that the Michael reaction had proceeded with low stereoselectivity and that 84a 

and 84b differed at the €20 centre. However, we could not at this stage rule out the 

possibility that epimerization was occuring at the €24 centre under the basic reaction 

conditions. Therefore, we synthesised the diastereoisomers derived from the Z,Z- 

dienedioate42 Z,Z-85 (Scheme 25). This diene was prepared with 80:20 Z,Z:£,Z- 

selectivity from Ando's phenyl phosphonate 105 and succinaldehyde 101 and for the 

olefinic protons, showed a double triplet at 6.20 ppm with coupling constants 11.5 and 

7.3 Hz and a doublet at 5.78 ppm with coupling constant 11.5 Hz. Subjecting the 

80:20 Z,Z:£,Z-85 to the one-pot AD/Michael conditions again gave a moderate yield 

of THF product, again as a 3:2 mixture of diastereomers. However, these 

diastereoisomers 84c and 84d were different by ' H-NMR and I3C-NMR to 84a and
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84b, therefore 84a and 84b were considered unlikely to arise from epimerisation 
alpha-to the ester.

NaH, THF
BrCH2CO2 Et .73 °c to 0 °C 

(PhO)2 P(0)H ————————^ (PhO)2 P(0)CH2C02 Et ————————

104 Et3 N, CH2CI2 105 8 h, 14% 0°C 
42%
0°Ctor.t., 1 h 101 Z>Z"85

AD-mix-a, CH3SO2 NH2 Q / — \ O 
DBU, fBuOH:H2O ^ If 2_o/ \23

1 8 h, 35% yield OH 
d.r.=3:2 tensers 84c (3-H20

84d a-H20

Scheme 25

At this stage we were keen to separate 84a and 84b to enable full characterisation, and 

in particular if possible to confirm their relative configuration using nOe experiments. 

Separation was accomplished by careful FCC. However, we could not use nOe 

(Appendix 2) to conclusively identify the configuration of the two diastereoisomers 

because for one of them (84a) the key protons H2o and H2 3 overlapped in the 1H NMR 

spectrum, while no nOe was observed between these protons in 84b, suggesting this 

may be the rrans isomer. However, this negative result could not be taken as 

conclusive evidence. X-ray crystallographic analysis of a later intermediate (vide 

infra) allowed 84b to be assigned as the frarcs-THF. Therefore 84a is likely to be the 

cw-THF.

While the AD/ Michael reaction had allowed access to 84 the low diastereoselectivity 

was clearly disappointing. One question was whether the cyclisation was proceeding 

under kinetic or thermodynamic control. Molecular mechanics (MMFF, Spartan) 

showed that the r/.s-diastereoisomer 84a has an energy of 35.8 kcal/mol and the trans- 

diastereoisomer 84b 35.5 kcal/mol. This suggested that under thermodynamic control, 

low selectivity would be expected. While we did not separately resubmit 84a and 84b 

to the AD conditions in order to test for reversibility of the Michael reaction under our 

reaction conditions, we did expose these separate isomers to other bases. Reaction of
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either 84a or 84b with 1 equiv of DBU in 'BuOH/THF for 4 days resulted in only a 

very small amount of epimerization according to TLC and NMR analysis. Moving to 

aprotic conditions, we found that using 1 equiv of 'BuONa in THF led to complete 

conversion of 84b to 84a after 4 days according to TLC analysis. 84a was unchanged 

under the same conditions. These results suggest that the c/5-isomer 84a is 

thermodynamically more stable and is formed with remarkable selectivity. However 

this was not useful to us since we needed 84b.

These attempts at Michael addition indicated that the 3:2 ratio of 84b and 84a is the 

kinetic product under various conditions. Since our only successful attempt at product 

equilibration had led to the non-desired diastereoisomer 84a, we decided to abandon 

the Michael addition and investigate iodocyclisation as an alternative method for 

THF-formation.

2.1.3 Synthesis of tetrahydrofuran 84 by iodocyclisation

Halocyclisation of y,5-unsaturated alcohols was studied in detail by Bartlett43 in the 

early 1980s. Key questions in our example were whether we could achieve 

strereocontrol in the absence of substituents on the linking chain between the alcohol 

centre and the alkene in our dihydroxylated enedioate substrate, and also 5- vs 6-ring 

cyclisation. Bartlett showed that application of halocyclisation on y,6-unsaturated 

alcohols 106 that are lacking such substituents produces the trans-THF as the major 

product (Scheme 26, Table 3, entry 1). However, their corresponding sterically 

hindered ethers produce the c/s-isomers (Scheme 26, Table 3). The observed 

selectivity is explained in Scheme 26: a) in the cases where X is a bulky group, steric 

hindrance in the transition states 109 causes destabilisation of the intermediate cation, 

whereas b) in the case of the isomeric transition state 110 these non-bonded 

interactions are absent, leading to the ds-isomer. Therefore, sterically hindered ethers 

cyclise to give predominantly the c/s-THF (Entries 3-7, Table 3). As shown by entry 

2, poor yield is obtained when loss of the ether alkyl substituent is slow which allows 

cleavage of the other C-O bonds to proceed. The DCB group (Entry 6) provides the 

optimum balance between electronic and steric conditions for efficient highly cis- 

selective iodocyclisation. Entry 8 shows the versatility of iodocyclisation even with 

deactivated double bonds. Also Marek and Normant 44 showed that the /<r/-butoxy
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ethers of y,5-unsaturated alcohols (Entry 9) form with high level of selectivity and 

high yield the c/s-THFs. In summary, these studies show that iodocyclisation of y,5- 

unsaturated alcohols forms 2,5-disubstituted-THFs (rather than THPs) with moderate 

frans-selectivity, and that the rrarcs-selectivity decreases when their ether derivatives 

are employed.

Me
O
X 
106

I:

CH3CN, 0°C

Me

Me

trans 
108

trans

Oi
X 
106

109

Me

0? 
X 

110

CIS

Scheme 26
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Entry

1

2

3

4

5

6

7

8

9

X

H

Me

Bn

TBS
BBa

DCBb

DCBb

DCBb

'Buc

Rl

H

H

H

H

H

H

H

CO2Me

H

R2

H

H

H

H

H

H

Me

H

H

Ratio 

cis : tram

34:66

34:66

66:34

75:25

79:21

95:5

92:8

98:2

28: 1

Yield (%)

66

15

60

43

74

63

47

60

91

aBB=4-bromobenzyl; DCB=2,6-dichlorobenzyl; c Marek and Normant result

Table 3: Bartlett halocyclisation of y,8-unsaturated ethers

One very close literature precedent to our substrate provided information on the 

question of both rrarcs-stereocontrol and 5- vs 6-ring cyclisation in y,8-unsaturated 

diols. Mootoo45 showed that reaction of 112 with iodine selectively gave the 5- 

membered ring over the 6-membered ring (Scheme 27). The diastereoselectivity was 

moderate, but favoured the rra/is-diastereomer (3:1, trans:cis) which augured well for 

our own synthesis.

MeO2C

AD-mix

90%,95%ee Me°2C
IDCP, CH3CN 

3 :1 trans : cis

BnO BnO

111

Scheme 27

112
BnO

113

Also of interest was that Mootoo found that the acetonide 114, derived from diol 112, 

underwent iodocyclisation with a higher level of fra/w-selectivity.45 Treatment of 114 

with iodonium dicollidine perchlorate (IDCP) in 1% aqueous acetonitrile (Scheme 28) 

led to the formation of a single trans THF-iodide product 113 in 91% yield.
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MeO2C HO

BnO

2. DIBAL-H 

89%
112

Scheme 28

MeO2C O

IDCP 
1%H2O-CH 3CN

91%

BnO BnO
114 113

The high stereoselectivity observed in the reaction of these isopropylidene alkene 

systems 114 appeared to derive from the formation of a THF-oxonium ion 

intermediate (Figure 6). Formation of the ds-product would be disfavoured due to 

steric crowding.

Figure 6

R2 Me 
cis disfavoured trans

Given this interesting precedent, we prepared the acetonide 115 from our diol 87 by 

reaction with AlCls/ acetone in 81% yield (Scheme 29). The IDCP cyclisation reagent 

used by Mootoo is not commercially available and its synthesis involves the use of 

perchlorate which is potentially explosive, so we synthesised instead the related
\ f

reagent iodonium dicollidine triflate (IDCT). Unfortunately, attempted formation of 

the tetrahydrofuran 116 from the acetonide 115 was not successful (Scheme 29). 

Instead, we isolated our starting material 115. In order to test the reactivity of the 

IDCT, we reacted it with the diol substrate 87 and we isolated the expected cyclised 

product 116 as a 3:1 mixture of diastereoisomers in which the 2,5-?ra/is-isomer was 

subsequently proved to be the major isomer. Given the success of this cyclisation 

reaction, we wished to establish whether it could be carried out using iodine itself as a 

cheaper and more convenient electrophilic reagent.

,OEt

CH 3CN(1%H2O) 
r.t.

EtO

116ap-H 20 
116ba-H 20



As a trial, iodine-mediated iodocyclisation was first carried out with the unnatural 

enantiomeric series, ent-87 (Scheme 30). The reaction was complete in 5 h, again 

giving a 3:1 mixture of trans and cis furans ent-H6b and ent-H6a. Separation of the 

two diastereoisomers using FCC gave the c/s-diastereoisomer ent-116a as a yellow oil 

and the frarcs-diastereoisomer ent-H6b as a pale yellow semi-crystalline solid. 

Interestingly, during the recrystallisation by diffusion of ent-116b, resolution resulted 

in selective crystallization of the major enantiomer ent-116b of the trans- 

diastereoisomer, as evidenced by the enhanced ee (93%) of the solid phase according 

to chiral HPLC analysis (Appendix 3). X-ray crystallography (Fig. 11 and Fig. 12, 

Appendix 5) verified both relative and absolute configuration of ent-H6b (Fig. 7). 

We repeated the iodocyclisation with 87 itself (Scheme 30) to obtain 116b. 

Resolution during recrystallisation of 116b from petrol again resulted in an increase 

of the ee from 73% to over 93% according to HPLC measurements. Finally, in an 

attempt to improve the cyclisation diastereoselectivity by analogy to Mootoo's work, 

we also subjected the acetonide 115 to the I2/NaHCO3 iodocyclisation conditions but 

cyclisation did not occur.

EtO.

EtO

OEt

ent-87 
(57% ee)

OEt

87
(73% ee)

I 2 , NaHCO3
CH3CN

————————>•
4 h, 90% yield 
d.r.= 3:1 trans:cis

\ 2 , NaHCO3 
CH3CN 
4 h, 90% yield 

———————^- 
65%(116b) 
20%(116a) 
d.r.= 3:1 trans:cis 
93% ee

EtO

enM16a a-H2 o 
enM16bp-H20

O

EtO OEt
OH

116a(3-H20 
116ba-H20

Scheme 30
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Figure 7: X-ray of enf- 1 16b

The improved cyclisation diastereoselectivity (albeit in a moderate 3:1 ratio), the 

significantly increased overall yield and the opportunity to improve the 

enantioselectivity via resolution during the recrystallisation meant that the 

iodocyclisation approach towards the synthesis of this fragment was preferable to the 

earlier, base-mediated cyclisation. However, removal of the iodine atom was now 

required. Deiodination47 of 116b using tributyltin hydride in the presence of a 2 mol% 

of AEBN in toluene at 50°C gave 84b almost quantitatively in 1 h (Scheme 31). 

However, because of the toxicity of tributyltin compounds an alternative hydride
AQ

reagent was desirable. Indium hydride generated from NaBH4 and 10 mol% of InCls 

was a promising candidate for an alternative to Bu^SnH (Scheme 31). This reaction 

gave after 2 h 84b in 73% yield. The *H NMR data for 84b matched those for the 

compound obtained in the earlier Michael addition approach, thus confirming by 

correlation the configuration of the Michael addition products. Overall, we had now 

successfully accomplished the synthesis of the C18-C25 fragment in 5 steps from the 

commercially available 2,5-dimethoxy-tetrahydrofuran 100 with introduction of the 

C20, C23 and C24 stereocentres.

EtO OEt

116b

AIBN. nBu3SnH 
Toluene, reflux
1 h, 95%—————————»-
or
lnCI3 , cat. NaBH4
CH3CN, 3 h, 73%

O

EtO OEt

84b

Scheme 31
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2.1.4 Manipulations of 84b towards the C18-C25 fragment 83 of amphidinolide 
C/C2 and the C18-C29 fragment 86 of amphidinolide F.

The successful dienedioate AD/iodicyclisation/de-iodination sequence thus provided 

us with the C18-C25 fragment 84b. In order to progress the synthesis further, we now 

needed to differentiate the two esters in the 84b fragment. This could be achieved by 

taking advantage of the a-hydroxy group next to one of the ester functionalities. It is 

known that a-hydroxy esters can be selectively reduced to the corresponding diols 

with BH3.SMe2/cat. NaBH432a without affecting isolated esters in the same compound. 

This is believed to be due to an initial acid-base reaction between the alcohol and the 

borane, with loss of hydrogen, and subsequent intramolecular activation of the 

adjacent ester.32b

Selective reduction of the a-hydroxy-ester 84b (Scheme 32) with 1.02 equiv.of 

borane-dimethyl sulfide complex in the presence of 5 mol% of NaBH4 gave in 52% 

yield the desired diol derivative 117 together with 14% of an unexpected by-product 

118 and 20% of unreacted starting material. Increasing the reaction time after the 

addition of NaBH4 in the reaction mixture from 45 minutes to 1 1.5 h did not result in 

complete consumption of the starting material (18% recovered starting material) but 

we isolated only the diol 117 (60% yield) without formation of the by-product 118. 

Addition of more reducing agent (15 mol%) did not have any effect on the reaction 

outcome.

1.BMS/THF, r.t.
2. NaBH4 

OEt ————————-

3. EtOH, TsOH

60-52% 0-14%

Scheme 32

The structure of diol 117 and, in particular, confirmation that the a-hydroxyester had 

been selectively reduced, was evidenced from its 'H-NMR spectrum by the 

disappearance of the doublet at 4.05 ppm for H-24 (84b) and the presence of a triple 

doublet at 4.04 ppm for this proton in 117. In the 13C-NMR spectrum there was only

48



one ester peak (at 171.2 ppm) and a new signal appeared at 64.5 ppm for the carbon 

of the primary alcohol produced from the reduction. The structure of the by-product 

118 again followed from spectroscopic analysis: J H-NMR showed a triplet at 4.55 

ppm for H-23 and a singlet at 4.50 ppm for H-25. 13C-NMR showed the ketonic 

carbon at 212.2 ppm and IR showed a strong C=O stretch at 1729 cm" 1 , typical for an 

a-OH-ketone. Ketone 118 is likely to arise by tautomerisation of the a- 

hydroxyaldehyde 123 which would result from incomplete reduction of 84b according 

to the mechanism described in Figure 8. 32b The oxyborane-type intermediate 119 is 

formed through an initial acid-base reaction between the alcohol and the borane, with 

loss of hydrogen, and subsequent intramolecular activation of the adjacent ester to 

give 120. Addition of a hydride from NaBtL* then forms the intermediate 121 which 

releases sodium alkoxide to give aldehyde 124. Further reaction with hydride gives 

125 which leads to the formation of diol 117. In the case where 121 is treated with 

alcohol prior to complete reduction the a-hydroxy aldehyde 123 is formed through the 

intermediate 122, which can then tautomerise to the observed a-hydroxy ketone 118. 

A catalytic amount (5 mol%) of NaBH4 is sufficient because of the consumption of 

the two hydrides of the intermediate 120 supplied from BMS.

o
R

OH 
84b

BH 3 SMe2 D 
OEt ——-———- R^- -QEt

OBH2 
119

ROM

OR

co

ROM

O OH 
\\ / 

I/123R

1
O 
JC 

118

117

Figure 8
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At this point we did not try to optimize further the reduction of 84b but instead we 

repeated the sequence to obtain sufficient material for use in subsequent 

transformations. The next step was to transform efficiently the diol to the suitably 

protected a-hydroxy-aldehyde 83. We chose to use the TBS-group because it is a 

stable protecting group under various reaction conditions, and can be differentiated 

from several other silicon protecting groups as well as different types of ethers such as 

benzyl groups. It would thus allow us a high degree of synthetic flexibility. The bis- 
protection of 117 with TBSC1 and imidazole in DMF (Scheme 33) provided 127 in 

81% yield. Subsequent selective deprotection of the primary TBS-ether under mild 
buffered HF.pyridine conditions49 followed by Dess-Martin oxidation50 in the 

presence of 1 equiv of H2O afforded, after 15 minutes, the aldehyde 83 in 80% yield. 
! H-NMR showed the expected aldehyde signal at 9.70 ppm, whilst 13C-NMR also 
confirmed the presence of this functionality (resonance at 203.4 ppm). IR showed a 
strong signal at 1720 cm" 1 .

TBSCI, imidazole n ~\ HF.Pyridine

OH DMF , r.t «" fi ° H I u ' ^ Pyridine , THF 
overnight 127 OTBS r.t., 8 h, 86% 
81%

DMP, CH2CI2 (wet)Etcr ^.OCTA ^OH ——————— Eto
OTBS CH2CI2 , r.t. 

128 5-15 min 
80%

Scheme 33

We had therefore demonstrated that we could differentiate the two ester 
functionalities of the C18-C25 fragment 84b, and effect conversion to the C18-C25- 
THF fragment 83 with an a-TBS-protected-hydroxy aldehyde ready to be used for 

istallation of the simple side chain of amphidinolide F 15.

At this point of the project, Graham reported a sequential one pot oxidation with 

MnO:/ Wittig reaction51 of butane- 1,4-diol 103 (Scheme 34) for the synthesis of our 

starting material dienedioate 85. This method involves the isolation and purification 

of the intermediate 129 (95% yield) and a second oxidation/ Wittig reaction, this time
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using PCC which provides 85 (E.E:E,Z = 92:8) in 65% yield. Having already 

established an efficient 9 step sequence for the synthesis of the (C18-C25)-THF 

fragment with access to the a-hydroxy-diester 84 via a desymmetrising mono- 

AD/Iodoetherification reaction on symmetrical precusor 85 and subsequent 

differentiation of the two ester functionalities of 84 via selective reduction of the a- 

hydroxy-ester, " we simply used this method as a more efficient route for the 

synthesis of our starting material 85 and not as a tool to differentiate the two ends of 

the diene prior to the AD/iodoetherification with the use of intermediate 129 to a 

second one pot oxidation/Wittig reaction with a different ylide for the installation of 

an a,(3-unsaturated aldehyde. As observed by Graham, the source of MnC>2 used in 

this process proved important: this was attributed to the crystalline morphology 

(lOum MnO2, Aldrich) of the oxidant which results in moderation of its oxidative 

capacity and thus avoidance of competing oxidative degradation and elimination 

reactions.

MnO

103

Scheme 34

Ph3 P=CHCO2 Et 
48 h, 95%

=^ OB

-i 29

PCC, imidazole

Ph3 P=CHCO2 Et 
19h, 65%

^ EtC
. , __ 

=? \= DEt
85

Thus having synthesised in multigram scale the a-TBS-protected-hydroxy aldehyde 

83 in 9 steps from butane- 1,4-diol 103, we were ready to istall the simple side chain 

of amphidinolide F 15. For the installation of the £-diene functionality we now 

needed to have an ^-selective Wittig reaction with a semi-stabilized y,y-disubstituted- 

allylic-ylide 130.

PR3 X

130a, R=Bu 
130b, R=Ph

We knew according to the literature"' that very high E-selectivity could be 

accomplished using the semi-stable tributyl-phosphorus ylide 130a (in the presence of 

lithium salts and in a non-polar solvent) while the use of the semi-stable triphenyl- 

phosphorus ylide 130b would be likely to lead non-selectively to a mixture of E/Z
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products. For example, Panek and co-workers studied phosphorus based olefinations 

with semi-stablized ylides for the synthesis of ulapualide A. Specifically they 

screened seven tri-alkyl and tri-aryl phosphines to determined the ratio of trans:cis 

selectivity in the olefination of mono-oxazole 132 (Scheme 34, Table 4). The highest 

trans selectivity (100:0, trans:cis) was established with unbranched alkyl phosphines 

(entries 1 and 2). The aryl phosphine ylides afforded a mixture of isomers (entries 3 

and 4) while branched alkyl phosphines resulted in no formation of the desired 

product (entries 5, 6 and 7).

131

1.5eq. PR3 
DMF, r.t.

2. 1eq. LDA, 0°C 
3. aldehyde

133

Scheme 35

Entry

I

2

3

4

5

6

7

Phosphine

(Et)3P

(n-Bu)3P

(Ph)3P

(p-CH3Ph) 3 P

(c-hexyl)3P

(Bn) 3P

(t-Bu)3 P

Trans : cis ratio"

100:0

100:0

4:1

5:1

Yield1'

97%

98%

69%

67%

no product

no product

no product

"Ratios were obtained by integration of H-NMR; yields of isolated product 

Table 4: Levels of selectivity of tri-alkyl and tri-aryl phosphines

These trends stem from the interplay of 1,2- and 1,3- steric interactions in an early 

four-centre transition state, according to Vedejs' stereochemical rationale of the 

Wittig reaction (Scheme 36). With the tributylphosphorus ylide, trans selectivity is 

observed giving the E-olefin predominantly due to the more stable planar transition
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state 136B resulting from the decreased 1,3-interactions between R2 and a compact L 

(=/?-Bu). In the cases where L=Ph, a puckered four-centre transition state 136A must 

dominate so as to avoid the 1,3 steric interactions between R2 and L. However, this 

results in increased 1,2 steric interactions between Rl and R2, which can lead to 

competing reaction via 136B and hence a mixture of EIZ isomers.

L >

RiCh^PL, S L H 137A 
134 "

R2HC=O 
135 , i n i^ik^A R2 n: 

137B 138E

136B

Scheme 36

With this background information in hand, we therefore carried out our olefination 

using the tributylphosphine 130a. Application of literature reaction conditions54 which 

employ 1 eq DMSO and 1 eq BuLi (in toluene) for the formation of the 

dimsylcarbanion led to formation of the desired diene as predominantly the E-isomer 

(87:13, E:Z) in an inseparable mixture of products 86 in an overall 43% yield in two 

steps from 128 (aldehyde 83 had proved to be unstable during FCC and therefore it 

was transferred to the next step without further purification) (Scheme 37). The E- 

isomer was distinguished from the minor Z-isomer by 7H26-H27 (15.1 vs 11.3 Hz). 

The data for our 1,3-diene-fragment 86 are similar to Roush's data for compound 79 

as well as to those reported for the natural product (Table 5). 27

+ - 
-PBu3Br

"BuLi (in hexanes), 
DMSO

EtO" ^ - "O' • Y ^O Eto
" ' Toluene,-78°C to 0°C

43% (over 2 steps) 
87: 13(£:Z)

Scheme 37
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EtO

86

NMR

H-25

H-26

H-27

Fragment 

86

Roush 

Fragment 79

Amphidinolide F

5.56 

(dd, 715.1, 5.5)

6.49 

(dd, 711.1, 15.1)

5.85 

(d, 710.8)

5.53 

(dd, 7 14.8, 5.2)

6.45 

(dd,711.2, 14.4)

5.83 

(d, 7 10.8)

5.31 

(dd, 7 14.7, 7.8)

6.50 

(dd,711.2, 14.7),

5.76 

(d, 7 11.2)

Table 5: Comparison of data for fragment 86 with those of amphidinolide F and Roush 

compound 79

Having in hand the (C18-C29)-THF fragment 86, we decided to complete this 

fragment by transformation of the CIS-ester to a dithiane unit which could eventually 

serve as a C18-acyl anion equivalent for the connection with the C10-C17 fragment. 

This could be achieved by reduction to the corresponding aldehyde and then 

formation of the dithiane under mild conditions in order to ensure the survival of the 

TBS-protecting group. In the event, reduction of the ester 86 with DEBAL-H (Scheme 

38) at -78°C indeed gave the corresponding aldehyde 139. Initial attemps to convert 

this to the dithiane 140 using 1,3-propanedithiol and BF3 .OEt2 afforded 140 in only 

moderate yields due to competitive cleavage of the TBS ether. However, use of the 

milder Lewis acid MgBr2 .OEt2 solved this problem, leading to formation of 140 

(87:13, E:Z) in 75% yield (over two steps).
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DIBAL-H

r, O I 1 \ THF, -78°CH ~ H OTBS 1h
H°H

86 139

HS(CH2 )3SH

OTBS

MgBr2 .Et2O,
CH2CI2 , r.t., 1 h

75% (over two steps)

Scheme 38

At this stage, we had achieved the formation of the C18-C29 fragment 140 of 

amphidinolide F in twelve steps starting from the commercially available butane-1,4- 

diol 103. In this fragment, we had successfully installed the C20, C23 and C24 

stereocentres, protected the secondary hydroxy group as a TBS-ether, installed the 

diene side chain by a Wittig reaction with high ^-selectivity and prepared the C18- 

dithiane functionality which could enable subsequent bond formation at that position.
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2.2 Towards the synthesis of the Ci8-C34 fragment 141 of amphidinolide C/C2 

2.2.1 Nozaki-Hiyama-Kishi/ Stille coupling approach

Having synthesised the (C18-C25)-THF fragment 83 and demonstrated the 

construction of the side chain of amphidinolide F 15 by C25-aldehyde olefination, we 

now needed to tackle the more complex side chains of amphidinolides C 13 and U 16 

(Scheme 38). The successful incorporation of the side chain of these natural products 

would be considerably more challenging due to the presence of a diene moiety with a 

remote C29-stereocentre doubly conjugated with an exomethylene group. A similar 

disconnection to that used earlier earlier (C25 aldehyde-C26 ylide olefination) was 

considered to be potentially problematic due to the possibility of elimination of the 

C29-alcohol in C26-ylide such as 142, to give a highly conjugated system (Scheme 

39).

EtO

OH

\ '

EtO

H b-A23

H X^O 
83 TBSO

OH

142

Scheme 39

We therefore decided to explore diene formation via sp~-sp~ cross-coupling at C26- 

C27 (Scheme 40). 30a'55 A Stille coupling was attractive due to the extensive precedent 

for its application in complex molecule synthesis. The choice of which fragment 

would be the vinyl iodide and which the vinyl stannane was left as an open question.
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EtO

H O
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X, Y = (SnR3)a, (Halogen)b

Scheme 40

We first explored conversion of aldehyde 83 to the corresponding vinyl stannane 143a 

using a reported one-step procedure56 which required the formation and use of 

R3SnCHBr2 . The requisite reagent, BusSnCHBn 146, was synthesised according to 

the literature (Scheme 41) and used for the attempted formation of the desired Stille 

partner 143a. Unfortunately, no formation of the desired product was observed. 

Instead, we obtained in 93% yield the ring-opened elimination product 147, formation 

of which was verified by characteristic chemical shifts of the aldehyde and the alkene 

peaks in the 'H-NMR spectrum (Scheme 42), similar to those of of a-oxygenated- 

enals reported in the literature57 . We had earlier observed that aldehyde 83 underwent 

decomposition on FCC. Re-examination showed that 147 had also been formed in 

this earlier case, suggesting that it is sensitive to ring opening under mildly acidic 

conditions.

LnBuLi, i Pr2NH,0°C
3r2 ———————————*" 

2. Bu3SnCI, THF/Et2O
-95°C— -63°C 
86%

Bu3SnCHBr2

Scheme 41
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EtO
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83 3.97-3.91 ppm

O

EtO

SnBu3

143a
OTBS
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* 9.12ppm

OH

147
OTBS

Scheme 42

In order to probe further the possible origins of side product 147, we subjected the 

starting material 83 to CrCh/ THF. We recovered back the unchanged starting 

material. This suggested that 83 may not be intrinsically unstable to Takai olefination 

conditions. Therefore we decided to revise our strategy by forming the alkenyl 

halide derivative 143b of the same fragment. An example of Takai olefination to give 

a vinyl iodide from an a-silyloxy-aldehyde is present in a literature synthesis of 

amphidinolide E (Scheme 43) which affords the E-vinyl iodide 149 in 73% yield. 14b 

Pleasingly, application of this method to our substrate 83 was successful and we 

obtained the desired vinyl iodide 143b in 62% yield, with 99:1 E:Z 

diastereoselectivity (Scheme 44).

OH
TBSO,,, 1. Dess-Martin

TBSO^S 2. CHI 3 , CrCI3
ip . Zn, Nal

148 (73% 2 steps) 149
OPiv

Scheme 42
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CrCI2 (anhydrous)
CHI3 ———-—————*- EtO

THF, 0°C " " OTBS 
3 hours, 62% 143b 
99:1 E:Z

Scheme 44

For coupling to 143b, we needed to synthesise the fragment 144a which is 

characterized by the presence of a bis-a\\y\ic s£c-C29-alcohol stereocentre, a C30- 

<?*0-methylene moiety and a (C27-C28)-trisubstituted alkene (Scheme 45). We needed 

to effect stereocontrolled synthesis of the trisubstituted alkene, which we envisaged 

could ultimately be accomplished using Negishi-carboalumination of an alkyne. We 

also required an asymmetric method for the generation of the C29-stereocentre, for 

which we considered enantioselective Nozaki-Hiyama-Kishi coupling between a C29- 

aldehyde and the vinyl bromide 151. This disconnection would require use of the
c o

stannyl aldehyde 150a. While this aldehyde is known in the literature/ its synthesis 

requires several steps. Therefore we decided instead to use the known bromo- 

aldehyde 150b with a view to converting the bromide to a stannane at a later stage in 

the synthesis.

29

144a 150a = SnBu3 151
150b = Br

Scheme 45

Following the literature procedure, we synthesised the aldehyde 150b (Scheme 46) 

using Negishi carboalumination, in order to form the trisubstituted alkene with 

stereocontrol, followed by tetrapropylammonium perruthenate oxidation, starting 

from the commercially available propyn-2-ol 152, in good overall yield. The 2- 

bromo-hex-2-ene 151 could be synthesised by refluxing the commercially available 

hex-1-yne 154 with hydrobromic acid in the presence of iron filings. 60
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1. Cp2ZrCI2 
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OH 40 MSj

HBr 
Fe°,
2 days 
50o/o
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Br

151

Br
^

Scheme 46

With the reagents in hand, we were ready to try the Nozaki-Hiyama-Kishi (NHK) 

coupling. The NHK coupling31 is the nucleophilic addition of organochromium 

reagents to aldehydes and is a versatile carbon-carbon bond forming reaction that is 

compatible with a wide range of functionalities in both components. The 

organochromium reagents are prepared in situ by the oxidative addition of chromium 

(II) species to allyl, propargyl, aryl and vinyl halides or Inflates (requiring catalytic 

amounts of a Ni(II) salt for sp" carbon centres) and efficiently add to aldehydes to 

give the corresponding alcohols in good yields. Furstner et al developed a catalytic 

version of the NHK coupling with respect to Cr(II) species by employing manganese 

as the reducing agent and a trialkylchlorosilane which effects the perpetuation of the 

catalytic cycle. 61 There are also some reports in the literature of catalytic and 

enantioselective verions of the NHK coupling. 62 Therefore, we wanted to apply the 

NHK coupling to our substrate by adding the vinyl bromide 151 to the a,p- 

unsaturated aldehyde 150b. We knew from the literature that the addition of vinylic 

halides required the use of a catalytic amount of Ni(II) and that in cases where a,(3- 

unsaturated aldehydes were used as substrates in enantioselective variants, the 

enantioselectivities obtained were generally lower. We wanted also to check the 

stability of the newly formed a,(3-doubly unsaturated alcohol with endo and exo- 

methylene moities and hence we had in our hands a potentially powerful tool for the 

synthesis of the side chain which also employs some major challenges. We tried the 

coupling (Scheme 46) in the presence of chromium (II) chloride and catalytic amount 

of nickel (II) chloride but the reaction did not give the expected product due to the 

very unstable nature of the aldehyde 150b which was found to decompose very fast.
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After close study of the literature59 we found that this bromoaldehyde is indeed 

reported to be unstable and had been used only in reactions in which the reaction rate 

is greater than the decomposition rate of this compound.

+ Br
CrCI3 , NiCI2

DME, DMF

150b 151 143b

Scheme 47

2.2.2 One pot carboalumination/ Negishi coupling approach with use of 

Carreira's enantioselective formation of propargylic alcohols

In view of the instability of the bromoaldehyde 150b, we decided to introduce the 

C27-functionality later in the synthesis, via c/s-carboalumination of alkyne 155. The 

required alkyne could conceivably be made by NHK coupling on propiolaldehyde 

using the same C29-C30 disconnection approach as earlier. However, the eventual 

need for an efficient asymmetric synthesis in the presence of the propargylic alcohol 

suggested an attractive alternative: Carreira's enantioselective formation of 

propargylic alcohols63 by direct addition of the acetylide to the aldehyde 156 (Scheme 

48).

27

Bu3Sn

144a
Y=Br, I 

144b, 144c 155

O

H
Bu

156

Scheme 48

63Despite the fact that there were relatively few literature examples for the application 

of this method to a,p-unsaturated aldehydes the reaction gave the desired product 158 

in 70% yield and with 99% ee (Appendix 3) as measured by chiral HPLC (Scheme 

49).
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H + TMS-

156 157

Scheme 49

(-)-/V-methylephedrine

Zn(OTf)2 
Et3 N
Toluene, 3 hours 
70%, ee=99%

IMS

158

To confirm the absolute configuration of 158, we synthesised the (/?)- and (S)-Mosher 

esters 159a, 159b for verification using Mosher's method64 (Scheme 50) which is an 

empirically derived correlation of configuration and NMR chemical shifts for 

diastereomeric a-methoxy-a-trifluoromethylphenylacetate (MTPA) esters. The 

correlations involve the relative chemical shifts of the proton resonances from the 

groups attached to the carbonyl carbon of these diastereomeric esters. Despite the 

absence of protons on both carbon atoms alpha to the stereocentre, we were able to 

assign the configuration of the hydroxyl-bearing stereocentre due to the NMR 

chemical shift differences of the beta-hydrogen for the diastereomeric MTPA- 

derivatives. We observed a downfield shift (Figure 9) for the protons of the (/?)- 

MTPA-derivative (Appendix 4). The difference in the shifts of the (S) relative to the 

(7?)-derivative is therefore negative, suggesting that the newly formed stereocentre is 

(iS)-configuration; this is also consistent with the expected enantiomer formed in

Carreira reactions.63

IMS
158

IMS
158

(fl)-MTPACI 
DMAP, Et3 N

overnight, 65%

(S)-MTPACI 
DMAP, Et3N

O(S)MTPA

IMS

overnight, 65%
TMS

159b

Scheme 50
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H 2.25-2.09ppm

TMS
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Stereocentre (S)

H2.11-1.95ppm

5.37ppm, 5.06ppm

Figure 9

We were very satisfied to have in hand the propargylic alcohol 158 in 99% ee and we 

therefore continued with the next manipulations towards the fragment 145a. Direct 

removal of the TMS-group from the alcohol 158 with K2CO3/MeOH at r.t. for 2.5 h 

resulted in a mixture of products which co-ran with the desired compound, hence not 

affording a clean sample of the propargylic alcohol for use in subsequent cis- 

carboalumination. We therefore protected the free hydroxyl group (Scheme 51) as the 

PMB ether 160 using 4-methoxybenzyltrichloroacetimidate. Subsequent TBAF 

mediated removal of the TMS group gave the desired product 161 but purification of 

the final compound by flash column chromatography proved to be difficult. The 

cleavage of the TMS group was cleanly achieved in 1 hour, using 

affording the desired product 161 in 90% yield.

OH

TMS 158

NH 
If 

CI3C OPMB

PPTS, CH 2 CI2 TMS 
r.t., overnight 
62%

OPMB

160

K2CO3 , MeOH

1 h, 90%

Scheme 51

OPMB

161

.65We proceeded then to investigate the application of a's-carboalumination to this 

complex fragment 161 which contains both an alkyne and a p,y-exomethylene group. 

There are examples in the literature66 of application of the Negishi carbometallation to 

substrates containing an additional adjacent alkene functionality (for example 162, 

Scheme 52) but our 1,4-enyne substrate appears to introduce a unique challenge to 

this transformation which is not reported in the literature so far. We firstly checked
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the quality of our reagents by doing a test reaction (Scheme 52) with a simple 

substrate (4-phenyl-l-butyne 165) which gave in good yield the expected product 166.

Me3AI, Cp2ZrCI2

162

165

163

1.Cp2ZrCI2 , AIMe3
1,2-dichloroethane

r.t., 24 h

2. I 2/THF
-30°CtoO°C, 15min 

70%

80%

166

164

Scheme 52

We then repeated the same procedure on our substrate 161, again quenching the 

reaction mixture with L. Under the carboalumination reaction conditions we observed 

cleavage of the PMB-group and we recovered our deprotected starting material 155 

without the formation of any carboalumination products (Scheme 53).

OPMB

161

Cp2ZrCI2 , AIMe3
1,2-dichloroethane

r.t., 18 h

2. ! 2mHF
-30°CtoO°C, 15min 

85%

155

Scheme 53

We thus decided to apply the carboalumination to the TBDPS-protected substrate 168 

due to literature precedent66 that silyl ethers are compatible with these 

carboalumination conditions. We prepared the TBDPS-substrate 168 from 158 via 

TBDPS-protection followed by cleavage of the TMS-group under K 2 COVMeOH 

conditions in high overall yield (Scheme 54). Subsequently, we subjected this
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substrate 168 to the carboalumination conditions but we did not obtain the desired 

product (Scheme 55). Instead, we isolated unreacted starting material 168 together 

with a product that was identified as the compound 169.

TMS
158

TBDPSCI, imid.
——————————>- 
DMF, r.t., overnight TMS 

93%

OTBDPS
Bu K2CO3 , MeOH

167
r.t., 4 h 
84% 168

Scheme 54

168

Cp2ZrCI2 , AIMe3 
1,2-dichloroethane 
r.t., 18 h

2. I 2/THF 
-30°CtoO°C, 15min

OTBDPS 
Bu

169
50%

168
20%

Scheme 55

This outcome showed that carbometallation was taking place, but that the 

intermediate vinylaluminate must have been quenched by a proton source rather than 

by iodine. The H+ could come either from protic impurities in the Cp2ZrCl2 or from 

the presence of HI in the I:. We therefore recrystallized the Cp2ZrCl2 from xylene and 

purified the k by sublimation. We performed the reaction again under the same 

reaction conditions and this time we observed complete consumption of the starting 

material 168 and formation of a complex mixture of products which displayed a 

significant number of vinylic protons in the ! H-NMR spectrum, indicating that our 

product does not overreact with iodine. Since carboalumination worked for our model 

substrate but did not work with 168 we were confident that our reagents and technique 

were not the source of the problem, and that the failure of the reaction could be 

attributed to the complexity of our substrate which can potentially promote inter- 

or/and intramolecular reactions of the intermediate vinyl-aluminate prior to the 

quench with iodine.
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2.2.3 Asymmetric CBS-reduction/ Stille coupling approach

Having encountered problems in converting the alkyne 168 to the a's-(C27-C28)- 

alkene by carboalumination, we decided to return to approaches in which the 

trisubstituted-alkene moiety is introduced at an early stage. A new approach 

envisaged synthesis of 144b by asymmetric CBS reduction of the doubly a,p- 

unsaturated ketone 170 (Scheme 56). We planned to synthesise the double a,p- 

unsaturated ketone 170 by addition of the cuprate derived from the vinylic bromide 

151 to the acid chloride 171.

27

144b

27

170

o

171 151

Scheme 56

We synthesised the 3-bromo-2-methyl-acryloyl chloride 17167 according to the 

sequence shown in Scheme 57, in 80% overall yield starting from the commercially 

available methacrylic acid 172. It was found to be crucial to form the acid chloride 

171 using thionyl chloride and not oxalic chloride as reported in the literature67 

because otherwise we observed formation of the anhydride derivative 175.

o
OH

Br2 , CHCI 3 

hv, 2 hours

Br
Br OH

NaOH, H 2O 
—————— Br

O
SOCI;

O

overnight

172 173 (COCI) 2
Cr^C^

cat. DM F 
3 hours

O

OH

174
Hexane, cat. DM F 
reflux (50°C) , 1 hour

Br Cl

171

Br Br

175

Scheme 57

We attempted to synthesise the cuprate of the vinyl bromide 151 either from the 

corresponding lithiated compound or from the Grignard reagent. Trials to form the 

intermediate Grignard by refluxing the vinyl bromide 151 with Mg°/ Et2 O gave only a 

weak solution of the desired compound as determined by titrations. Thus we decided 

to form the vinylic cuprate via halogen-lithium exchange using 2 eq of 'BuLi. The
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conversion to the lithiated compound was successful and we formed the cuprate by 

transferring the lithiated compound via cannula to another flask which contained Cul 

(dried at 250°C for 2 hours under vacuum) in dry Et2O (-60°C) under argon. Addition 

of the acid chloride 171 (-30°C) gave the product 176 (Scheme 58) shown below 

instead of the desired product 170. We considered that this product 176 was likely to 

result from the oxygenation of the lithiated intermediate when the solvents are not 

completely deoxygenated.

1. 'BuLi/ Et2O (-78°C)
2. Cul (-60 to -30°C)

O OH

176
40%

171

Scheme 58

Repetition of the reaction using deoxygenated (by bubbling through nitrogen for 30 

minutes), dry EtzO gave again the same unwanted compound 176. Thus we decided to 

test our vinyl lithium reagent with another acid chloride 179 which is commercially 

available. This time we also changed the reaction procedure by adding the Cul as a 

solid to the lithiated vinylic bromide 151 in order to avoid the cannula transfer which 

can affect this very reactive intermediate due to fluctuations in temperature. Benzoyl 

chloride 179 gave the expected product 180. Application of the same experimental 

procedure to the required acid chloride 171 pleasingly afforded the desired compound 

170 (Scheme 59) of which complete purification was not possible due to its low 

polarity. However, through characterization of the crude mixture we were able to 

confirm the presence of the desired product. The H-NMR of this compound shows a 

quartet at 7.20 ppm for (Br-C//=), a second quartet and a singlet at 5.66 and 5.56 ppm 

respectively for the exomethylene hydrogens (CH2=) and a triplet at 2.36 ppm for
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(=C-C//2 ). Also 13C-NMR shows the ketonic carbon at 196.2 ppm and the vinylic 

carbons alpha to the ketone at 148.5 and 142.5 ppm as expected.

1.
2.

r\.,
I
151

'BuLi, Et2O (-78°C) 
Cul (-60 to -30°C)

3. Cl (-30°C), 30%
180

r\/
I
151

179

1. lBuLi, Et2O (-78°C)
2. Cul (-60 to -30°C)

3. O

Br
(-30°C), 3h

Cl 170

171

Scheme 59

We subjected the crude product 170 to a Luche reduction (NaBH4/CeCl3 ). This 
allowed isolation of the racemic alcohol rac-144b in 40% yield (determined from the 
starting acid chloride 171) which could now be purified and fully characterised 

(Scheme 60).

170

CeCI3.7H2O

NaBH4 , MeOH
45 min,
40% yield (from 171)

rac-144b

Scheme 60

We now turned our attention to an enantioselective reduction of 170. CBS reduction is 

an attractive method for the enantioselective installation of secondary hydroxy 

stereocentres from ketones.68 In the literature there is good precedent for CBS 

asymmetric reduction of a,p-unsaturated ketones. 69 The reduction involves the use of 

chiral oxazaborolidine 181 as catalyst with stoichiometric BH 3 or catecholborane 

(when other functionalities are present which are sensitive to reductive conditions) as

68



reducing agents. The catalyst 181 (Scheme 61) activates the borane or catecholborane 

through coordination of the Lewis basic nitrogen, activates the carbonyl towards 

reduction through coordination to Lewis acidic boron and pre-organises the substrate 

for intramolecular hydride delivery in the asymmetric environment. The strongly 

Lewis acidic complex of oxazaborolidine and catecholborane 182 binds the ketone 

183 at the more sterically accessible electron lone pair, cis to the vicinal RzBH group, 

in order to minimise the unfavourable steric interactions between the oxazaborolidine 

and the sterically large (RL ) substituent of the ketone68 (Scheme 61). If no obvious 

steric differentiation between the two ketone substituents exists, electronic effects can 

lead to enantioselectivity: the EDG lies co-planar to the electron deficient carbonyl in

the TS, thus will effectively act as the large substituent (RO (Scheme 62). 70

RL" Rs 
186

R L=sterically large substituent or EDG 
Rs=sterically small subtituent or EWG

Scheme 61

EWG

pseudo-large pseudo-small 

187

Scheme 62

catecholborane
DCM 

-40°C to -78°C

EDG EWG

pseudo-large pseudo-small 
189
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Interestingly there are no examples in the literature for application of CBS reduction 

to a,a'-dienones. Moreover, it is not immediately clear which ketonic substituent 

would be RL in our substrate. We could speculate that electron donation by bromide 

would lead this to be RL. Therefore we selected /?-oxazaborolidine as our catalyst.

170

In the event, asymmetric CBS-reduction69 ' 71 catalysed by the oxaborolidine 181 and 

catecholborane as the reducing agent gave 144b in 30% yield (Scheme 63). The 

enantiomeric excess was determined by the addition of Eu-chiral shift reagent72 which 

showed a remarkable ee of ca. 91% by a clear split of the majority of the 'H-NMR 

peaks in both racemic and enantiomerically enriched material (Appendix 4). 

However, we did not prove the product configuration at this stage; instead we decided 

to progress the quantities of material available to us through the synthesis. Even if the 

undesired enantiomer had been obtained, we could access the opposite enantiomeric 

series using the other enantiomer of the catalyst.

170
catecholborane 
-78°C, overnight 
30% yield (from 171) 
91%ee

144b

Scheme 63

We were very satisfied to be able to synthesise the 144b fragment with high 

enantioselectivity. The compound was stable during FCC (base washed silica gel with 

3% Et}N/ petrol) purification and also during storage in the freezer for at least a week. 

We now wanted to transform the vinyl bromide 144b to the corresponding vinyl 

stannane 144a to allow Stille coupling with vinyl iodide 143b. An attempt to form the 

vinyl stannane 144a with the use of (Bu^Sn): and Pd(PPh3)47? was unsuccessful giving
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us back only starting material, probably due to the presence of the C28-methyl group 

which hinders the bromide, and we therefore explored alternative conditions. 

Pleasingly, we formed the desired compound in 85% yield via transmetallation with 

2.5 eq of BuLi followed by quenching with Bu3SnCl at -78°C (Scheme 64). 74 

Retention of ^-configuration was suggested by the appearance of the protons (Sn- 

C//=) and (C//(OH)) of the stannane 144a in 'H-NMR still as two singlets without 

any change in their multiplicity at 5.93 and 4.55 ppm respectively. There is also 

strong literature precedent that transformation of a vinyl bromide to a vinyl stannane 

under the above conditions proceeds with retention of configuration: a similar 

example is the transformation of Z-190 to Z-191 and E-190 to £-191 (Scheme 65). 74

144b

(Bu 3Sn) 2 , Pd(PPh3)4 
———X—————— Bu3Sn 
Toluene, reflux

144a

144b

Bu3SnCI, BuLi

Et2O, -78°C 
2 h, 85% yield

Bu3Sn

144a

Scheme 64

THPO

E-190

L'BuLi

I > Me3Sn 
TMPC/ 2 - Me3SnCI

Z-190

1. lBuLi

Z-191

THPO

2. Me^SnCI Me3Sn

E-191

Scheme 65
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Finally, having in hand the stannane 144a, we needed to connect the two fragments 

144a and 143b via a Stille coupling. In the literature there is a vast number of 

conditions for this transformation employing different combinations of Pd catalysts, 

ligands,75 solvents76 and additives. 77 ' 55 Initially we decided to use the classic 

Pd(PPri3)4 in the presence of Cul78 '79 (Scheme 66), which accelerates couplings by 

capturing part of the phosphine ligand released during the oxidative addition of Pd(0) 

to the halide, leading to formation of trans-[PdRlL2]. The reaction was performed in 

the absence of light that could cause alkene isomerization due to the presence of the 

conjugated double bond system in the side chain. 3*'80 TLC indicated the formation of 

one major component in the reaction mixture, a small sample of which was isolated 

by FCC (despite its apparent tendency for decomposition on silica gel). Key features 

in the ! H-NMR spectrum suggesting that 141 had indeed been formed were 

resonances at 6.60, 6.34 and at 5.90 ppm which could be consistent with H26, H27 

and H25 in the desired diene. These values showed reasonable correlation to the 

natural product84 and to Mohapatra's reported fragment 42. 26 Additionally, the ! H- 

NMR showed two sets of terminal alkene protons in a ca. 1:1 ratio. Overlap of the 

diene protons made coupling constant analysis difficult, but it appeared that 7H26- 

H27 was ca. 14.3 Hz indicating that both isomers had the ^-configuration at that 

alkene. The mixture of isomers could arise either from alkene isomerisation or from 

epimerisation at C29, possibly via formation of a pi-allyl cation. 13C-NMR analysis 

was also consistent with the presence of a 1,3-diene in the product (145.2, 137.5, 

130.9, 128.8 ppm). However, we were unable to obtain satisfactory mass 

spectroscopic evidence for 141. The electrospray mass spectrum shows two main 

peaks of m/z 477 and ra/z 351; this is not consistent with the ra/z 480 expected for 141 

while accurate mass measurement for ra/z 351 showed that this corresponds to the 

fragment of coupling product 141 (C^HsiC^Sii). Due to a lack of material, we were 

unable to examine this key coupling reaction further, nor were we able to attempt 

separation of isomers and stereochemical determination by NOESY, in the timescale 

of the project.
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EtO

26

Pd(PPh3)4 , Cul, DMF 
no light, overnight, (1:1)

EtO

Scheme 66

2.2.4 Allylic hydroxylation/ Nozaki-Hiyama-Kishi coupling approach

In parallel to the previous route towards the synthesis of the side chain of 

amphidinolide C and also bearing in mind that the remote C29-stereocentre could be 

potentially unstable to carry through a total synthesis we wondered whether we would 

be able to use the simple side chain of amphidinolide F as a common precursor and 

convert it during the final steps of the natural product synthesis to the more complex 

side chain of amphidinolide C. We envisioned a stereoselective installation of a C29- 

OH by taking advantage of the diene-system in 86 via a SeOz allylic hydroxylation, 

followed by oxidation to the corresponding aldehyde 192 and application of NHK 

coupling for the enantioselective formation of the C29-stereocentre (Scheme 67).

O

EtO

HO Bu

EtO

allylic 
=\ hydroxylation

EtO
T~O H OTBS 
H 

193

H OTBS

192

EtO

O

H OTBS

86

Scheme 67
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We could not find literature precedent for the application of (SeO2 , lBuOOH) allylic 

hydroxylation to acyclic 1,3-dienes and this process could potentially result in a 

mixture of regioisomeric products. However, it is known that gem-dimethyl 

trisubstituted olefins under SeCVaqueous ethanol oxidation afford the E-allylic 

alcohols or aldehydes in >98% ^-selectivity81 and there is also considerable precedent 

for (SeO2 , 'BuOOH) allylic hydroxylations of gem-dimethyl trisubstituted olefins in 

the presence of internal trisubstituted alkenes. 82 Thus we decided to attempt this 

transformation, considering the potential advantages of a three step allylic 

hydroxylation/oxidation/NHK-coupling late stage installation of the side chain. We 

subjected a small amount of the available Cig-Cig fragment 86 of amphidinolide F to 

SeC>2 allylic hydroxylation (Scheme 68) and after FCC we obtained the desired 

product 193 (ca. 70%), along with a mixture of two other compounds in a 2:1 ratio. 

One of these products was tentatively assigned by ! H-NMR analysis as the aldehyde 

192 because of the presence of an aldehyde resonance at 9.64 ppm and a low field 

olefinic proton at 6.93 ppm, with ^-configuration at the C27-28 alkene (7H27- 

H28=15.7 Hz). The other component, was tentatively assigned as diene 194 due to the 

presence of what appeared to be terminal olefinic peaks at 5.03 ppm, with E- 

configuration at the C25-26 alkene (7H25-H26=15.6 Hz). The formation of 194 could 

be understood by examination of the mechanism for the allylic oxidation (Scheme 

69). Initial ene reaction with SeC>2 gives the intermediate 195 which can then undergo 

[2,3]-sigmatropic rearrangement involving either the C28-C29 alkene (giving B, 

which leads to the desired product 193) or with the C25-C26 alkene, giving A, which 

leads to 194.

'H-NMR analysis of 193 indicated the ^-configuration at the C25-C26 alkene (7H25- 

H26=15.1 Hz) and NOESY correlations (Appendix 2) confirmed that the C27-C28 

alkene also had the desired ^-configuration, because interactions were observed 

between H27 and the allylic alcohol protons at H29 (Figure 10).

The aldehyde 192 was required for the eventual NHK coupling step. Because TLC 

analysis indicated that 192 was likely to be unstable to FCC on silica, we wished to 

minimise purification. We therefore decided to attempt direct oxidation of the product 

mixture from the allylic oxidation step followed by NHK reaction on the crude 

mixture. For the alcohol oxidation, we employed TEMPO oxidation under pH 7.0
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buffered conditions because it is known in the literature that oxidation of dienic 

allylic alcohols should be carried out under mild, buffered conditions in order to 

prevent the formation of side products as a result of isomerization reactions. 

Pleasingly, TLC analysis indicated complete transformation of the allylic alcohol to 

the corresponding aldehyde 192 within 3 hours (Scheme 70).

EtO H OTBS

86

a. SeO2 , 'BuOOH

CH2CI2 , r.t. 
overnight

O

EtO'

EtO' H OTBS 
194

194:192,2:1

Scheme 68

H
196 OTBS

EtO

OTBS 5.71

197 M OTBS
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OTBS

194 193
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Figure 10: NOESY interactions for 193
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Scheme 70

Without any further purification of this potentially unstable small amount of aldehyde 

192 we performed the NHK-coupling with the vinyl bromide 151, mediated by CrCh 

and 60 mol% of NiCh (Scheme 71), similar to the conditions used by Mohapatra in 

his synthesis. 26 This non-asymmetric version of the reaction formed one major 

component, as indicated by TLC analysis, which was isolated by FCC (despite 

observed tendency for decomposition on silica gel). Key features in the ' H-NMR 

suggesting that 141 had indeed been formed were the resonances at 6.60, 6.34 and at 

5.89 ppm which could be consistent with H26, H27 and H25 in the desired diene. 

Indeed, the 'H-NMR spectrum was very similar to that of the product isolated from 

the Stille coupling of 144a and 143b (Scheme 66). Additionally, the ! H-NMR 

spectrum again showed two sets of terminal alkene protons in a ca. 1:1 ratio. Since the 

non asymmetric version of the NHK reaction used here would be expected to give a 

mixture of stereoisomers at C29, this suggests that the Stille products are likely to be 

diastereoisomers at C29 and not EIZ isomers. The NHK coupling was also used 

during Mohapatra' s synthesis where they observed the formation of the two 

diastereoisomers at the C29 stereocentre, and our data for the fragment 141 arc in
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reasonable correlation with the data reported for the differently protected fragment of 

Mohapatra (42). 26 As with the Stille coupling, due to a lack of sufficient amount of 

material, we were not able to attempt separation of the isomers or full characterization 

within the timescale of the project.

EtO

O
H OTBS

192

Br

151

HO

CrCI2 , NiCI2 
DMSO, r.t. 
overnight

EtO

O

H OTBS

141

Scheme 71

In future studies, we plan to use an asymmetric and catalytic version of the NHK 

coupling, such as the catalyst 200 reported by Berkessel, Paterson and coworkers62b 

(Scheme 72) based on (DIANANE)-ligands which shows the highest 

enantioselectivities and yields with both allylic and vinylic halides and triflates in the 

literature. This step would preferably be carried out at a late stage of the synthesis due 

to the possibility for epimerisation at the C29-stereocentre in the highly conjugated 

side chain.

PMBO H + TfO

OH

PMBO

198 199

CrCI3(0.1 eq.), Et3N (0.2 eq.) 
Mn(3eq.), Me3SiCI (1.5 eq.) 
THF, r.t., 54% yield 61 %ee

201

Scheme 72

Therefore, we had shown that the side chain of amphidinolides C 13 and U 16 could 

be potentially synthesised in 4 steps from aldehyde 83 via a Wittig olefination/allylic 

hydroxylation/ oxidation/ NHK-coupling route (Scheme 73) at a late stage of the 

synthesis which would minimise the possibility of epimerisation of the remote C29- 

stereocentre. This provided an alternative to our 5 step route starting from the acid
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chloride 171 and the vinyl bromide 151 via cuprate addition/ CBS-asymmetric 

reduction/ Takai olefination/ Stille coupling route which, according to our findings, 

results in epimerisation at the C29 stereocentre possibly via formation of a pi-allyl Pd 

complex which is favoured due to generation of a highly conjugated system (Scheme 

74).
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2.3 Towards the synthesis of the C10-C17 fragment 202 of amphidinolicles C and 
F

According to our retrosynthesis (Scheme 13) we needed to synthesise the C10-C17 

fragment 202(=81) of amphidinolide C, F which we hoped would derive from alkyne 

203 via carboalumination and electrophilic quench (Scheme 75). The alkyne 203 

could be generated from the corresponding aldehyde, which could in turn be obtained 

by selective deprotection of the primary (Cll)-PMB ether 204 and Moffatt
01

oxidation ; this would prevent cleavage of the dithiane under oxidative conditions.

X-

TIPSO 

X=l or H 202
17

OTBS

TIPSO

203 OTBS

PMBO
11 - 
TIPSO

204

Scheme 75

Therefore our next target was to synthesise 204. Further disconnection at the C14-C15 

bond led to the epoxide 205 and the dithiane 206, compounds which are known in the 

literature in both enantiomeric series and which would therefore potentially provide a 

flexible route to both the enantiomers of the dithiane 206 since the configuration of 

the Cll-stereocentre of one of our potential targets, amphidinolide U, is not known. 

The coupling of dithianes with epoxides is a well known and widely used tool in total 

synthesis of natural products for C-C bond construction. 85 Addition of the dithiane 

206 to the epoxide 205 would form the required fragment which could give - after 

further manipulations of the alkoxy groups at the two ends - the desired fragments 

(Scheme 76). We chose to protect the secondary hydroxy group as a TIPS-ether due 

to its known stability and the ability to differentiate it cleanly from primary-TBS 

ethers.
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Scheme 76

2.3.1 Synthesis of the Cn-Cn-epoxide 205

.86We synthesised the epoxide 205 in 7 steps according to the literature route (Scheme 

77) starting from the commercially available D-malic acid 207. Esterification of the 

acid 207 followed by formation of the dianion derivative with 2.3 equiv. of LDA and 

methylation effected introduction of the second stereocentre with the formation of an 

8:1 mixture of diastereoisomers 209 according to 'H-NMR analysis. It is known that
O/l

alkylation occurs anti to the C2 substituent and this stereochemical behaviour has
S"7

been explained by Seebach by taking into account the steric requirements of the C2 

substituent, which hinders the syn approach and favours the anti attack of the 

electrophile as well as invoking stereoelectronic effects that lower the transition state 

energy of the approach of the electrophile opposite to the C2 substituent. Borane- 

dimethyl sulfide reduction followed by protection-deprotection manipulations gave 

acetal 211, at which stage the minor alkylation diastereomer could be separated. 

PMB-protection of the primary alcohol followed by acetal removal afforded diol 213, 

which could then be converted to epoxide 205 by reaction with N-Tsim and NaH.

OH o
HO

OH
o

MeOH, AcCI
———————»
2 days, 74%
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While the above route enabled access to the target epoxide 205, we found the 

methylation of 208 to be unreliable, suffering from variability in yield and 

diastereoselectivity (30%-78% yield and 4:1-8:1 diastereoselectivity). We therefore 

also carried out the synthesis of the benzyl-protected epoxide 221 via an alternative 

route known in the literature88 (Scheme 78), which involves 6 synthetic steps from the 

cheap commercially available diol 214. Monobenzylation followed by E-selective 

reduction with LJA1H4 and Sharpless asymmetric epoxidation gave the epoxide 217.
QQ

Although we did not measure the ee, it is known in the literature that application of 

Sharpless asymetric epoxidation to the trans-alkene 216 affords the epoxide with ca. 

97% ee. Reaction with Me3Al formed a mixture of regioisomeric ring-opening 

products that could be separated via formation of the corresponding separable acetal 

derivatives 218 and 219. Deprotection of the desired acetal 218 afforded diol 220 

which could be converted to the epoxide 221 using Af-Tsim and NaH as before.

OH BnCI, KOH

THF, 14h, 70%
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———————»•

3h, 79%
HO
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2.3.2 Synthesis of the Ci5-Ci 7-dithiane 206

We synthesised the dithiane 206 in 5 steps according to the literature90 (Scheme 79) 

starting from the commercially available (7?)-Roche ester 222. Tritylation of the ester 

followed by LiAlH4 reduction and Swern oxidation formed the aldehyde 225 which 

could be converted to the corresponding dithiane 226 by reaction with 1,3-propane- 

dithiol and BF3.Et2O. We finally protected the primary hydroxyl group of the dithiane 

with a TBS-group, which could be selectively manipulated at a later stage for the 

eventual formation of an iodide.

° TrCI, pyridine y LiAIH4 , THF

12h, 93% = 
222 " 223

(COCI) 2> DMSO, DIPEA ^ ^^ HS(CH2 )3SH
OTr ————————

CH2CI2 -78°C+0°C _- BF3.Et20, CH2CI2 j 
1h,96% -78°C-^r.t., 3h, 95% ^b

TBSCI, imid.

THF, 2h, 76% ^S^^T OTBS

206

Scheme 79

2.3.3 Towards the synthesis of the Cio-Cn-fragment 204

Having synthesised both epoxide 205 and dithiane 206 we moved on to investigate 

their coupling for the formation of 204. Literature precedent91 showed that the TBS 

protected dithiane 206 could be deprotonated and reacted with epoxides. We first used 

a model reaction to test 206 for efficient dithiane anion formation. We effected the 

deprotonation of the dithiane 206 with "BuLi at 0°C for 1 hour followed by reaction 

with racemic styrene oxide 227. The desired product 228 was obtained as the 

expected 1:1 mixture of diastereomers in 60% yield (Scheme 80) with complete 

consumption of the dithiane, proving that it was effectively deprotonated under these 

conditions. Reaction of the dithiane 206 under the same conditions with the epoxide 

205 gave a single product as indicated by TLC analysis. NMR characterization of the
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isolated compound (70% yield) showed that the product obtained was not the desired 

product but 229 (Scheme 81). This product would arise from O-C migration of the 

TBS-group in the dithiane anion derived from 206. It is interesting that this silyl 

migration was observed in this reaction when it had not been observed in the earlier 

reaction with styrene oxide. Presumably, reaction of the dithiane anion with epoxide 

205 is slower than its reaction with styrene oxide, thus allowing the migration to 

dominate. In order to slow down the migration reaction, we decided to change the 

TBS-group to the more hindered TBDPS-group. The required TBDPS-ether was 

prepared from 226 in 82% yield (Scheme 82).

227 206

a. n BuLi, THF 
0°C, 1 h

OTBS b. epoxide (0°C-r.t.) 
3 h, 60%

OTBS

228

Scheme 80
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Scheme 81
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—————————^-
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OH THF,14h,92%

230

TBS

OH
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The TBDPS-protected dithiane 230 was deprotonated with "BuLi at room temperature 

for 5 minutes (Scheme 83), conditions that had previously been used in the literature 

for deprotonation of 230 and reaction of the resulting dithiane anion with epoxides.91 

Benzyl-protected epoxide 221, which at this time was available to us in larger 

quantities than the PMB-protected epoxide 205, was then added. TLC showed a new 

major product, but this was of very similar Rf to the excess of unreacted epoxide 221. 

In order to aid separation of the mixture, it was decided to protect the C13-hydroxyl
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group of the assumed product in order to reduce its polarity. TBDPS-protection was 

selected as it was envisaged that this would be useful in the eventual synthetic 

sequence. Subjection of the crude product from the reaction of 230 and 221 to 

TBDPS-protection gave two new closely running products on TLC which could not 

be separated by FCC. NMR showed a complex mixture of compounds which did not 

provide us with significant evidence for formation of the coupling product 231. The 

MS of the mixture showed peaks of m/z 845 and m/z 847 corresponding to the desired 

coupling product. However, accurate MS analysis did not confirm these to have the 

correct formula or reasonable formulae for coupling of the two components. Due to a 

lack of time and material, we were unable to further examine the dithiane coupling. In 

the literature there are a lot of capricious reactions of dithianes reacted with mono- 

substituted epoxides where problems such as short-lived anions and/or epoxides that 

are relatively poor electrophiles made couplings impossible. 92 However, the fact that 

there is literature precedent for the deprotonation of 230 and subsequent reaction with 

the 1,2-disubstituted epoxide 232 (Scheme 84), is promising for eventual success in 

the reaction of our mono-substituted epoxide 221 and this would be the subject of 

further investigations.
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3. Conclusions and future work

We synthesised the C18-C29 fragment 86 of amphidinolide F in 10 steps by using an 

asymmetric dihydroxylation-iodoetherification strategy on the symmetrical precursor 

85 and an ^-selective Wittig reaction for the installation of the simple side chain of 

amphidinolide F, starting from commercially available 1,4-butanediol. We also 

examined four different routes for the synthesis of the C18-C34 fragment 141 of 

amphidinolide C and U, of which two gave a product tentatively assigned as the 

desired fragment, albeit as a mixture of C29-stereoisomers. As part of these studies, 

we showed that we could use the simple side chain of amphidinolide F as a precursor 

for the installation of the complex side chain of the amphidinolide C and U in three 

additional steps, which involve an allylic hydroxylation, oxidation and NHK 

coupling. This strategy could potentially be used at a late stage of the synthesis of the 

natural products. We synthesised epoxide 221 in 6 steps from diol 214 and dithiane 

230 in 5 steps starting from the (S)-Roche ester, and we performed studies on the 

dithiane coupling between 221 and 230.

In the future we will continue our work towards the synthesis of the C10-C17 

fragment 236 of amphidinolides C and F by firstly examining more thoroughly the 

coupling reaction conditions and continuing the synthesis as outlined in Scheme 84. 

Mild cleavage of the benzyl protecting group followed by Moffatt oxidation84 would 

give the C9-aldehyde 235 preventing cleavage of the dithiane. Transformation of the 

aldehyde to the terminal alkyne followed by carboalumination and electrophilic 

quench would provide the C10-C17 fragment 236.

10
a. CBr4 , PPh3

2.Moffatt oxidation TIPSO ^k^ c. i. Cp2ZrCI2 , AIMe3 TIPSO «'
ii.E+ 

OTBDPS 235 OTBDPS E=H or I 236
C10-C17 fragment of 
Amphidinolide C

Scheme 85
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The C1-C9 fragment 246 was synthesised by our group in parallel to the fragments 

discussed in this thesis in 9:1 diasteroselectivity and good overall yield over 12 steps 

via the following route which involves an Evans asymmetric alkylation of 241 and a 

Michael cyclisation (of 244) as key steps (Scheme 86).93

O

O
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OBn
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81% CO2tBu
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: BuBn0^k°HH--r°tBl 
II +HOA^A,, o

245
35%

BnO

Scheme 86

Having synthesised the C1-C9 (246) and C18-C34 (141) fragments and also having 

made progress towards the synthesis of the C11-C17 fragment 236 of amphidinolides 

C and F, we are planning in the future to pursue the total synthesis of these natural 

products in the following sequence. As shown in (Scheme 87), enyne metathesis29 '94 

between 236a and 246a could provide the required 1,3-diene directly. However, 

whilst enyne metathesis is receiving increasing application in synthesis, it would be 

especially challenging here because the alkene in 236a is 1,1-disubstituted. Therefore 

our contingency plan will be sp"-sp cross-coupling between 236b and 246b by one of 

several possible methods. 55 Dithiane alkylation between 247 and 140, subsequent 

selective removal of the C24-OTBS and C7-OTES,followed by Cl-ester hydrolysis 

under acidic conditions will then allow macrolactonisation. The free hydroxyls at C7 

and C8 should not be able to participate in esterification with the Cl-acid due to the
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trans-configuration of the THF ring. Final deprotection of the C13-OH will complete 

the first total synthesis of amphidinolide F 15. Amphidinolide C 13 could be 

synthesised from amphidinolide F 15 by the 3 step manipulation of its side chain, 

analogous to the sequence examined here on the fragment 141 (SeO2 allylic 

hydroxylation/ TEMPO-oxidation/ NHK coupling). Applying this strategy to 

amphidinolide F is clearly challenging because the C9-C11 diene provides additional 

possible oxidation sites. However, given the known sensitivity of this process to 

sterics, we are optimistic that selective C29-oxidation is feasible. Further, selective 

oxidation of the primary alcohol and NHK-vinylation of the aldehyde in the presence 

of ketones is feasible. We will explore enantioselective NHK reactions31 with the 

growing array of available chiral ligands in order to control the C29-stereocentre at a 

late stage. This approach will also allow access to a wide range of analogues of the 

natural product in a region which appears to be important for bioactivity.

O'Bu

246aC9-C10(alkyne) 
246bX=l

enyne metathesis 

or

OTBDPS coupling
.O'Bu

236aY=H 
236bY=l

247

dithiane alkylation 
and macrolactonization

Installation of 
the side chain

OH

Scheme 87
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4. Experimental details 
General

All reactions were carried out under a positive pressure of N2 or argon unless 

otherwise stated. Solvents were distilled before use from sodium benzophenone 

(diethyl ether, THF, toluene) or collected from solvent purification columns (Pure 

Solv, Innovative technology, model: SPS-400-4). Dichloromethane and CHsCN were 

distilled from CaH2 or collected from solvent purification columns (Pure Solv, 

Innovative technology, model: SPS-400-4). 1,2-Dichloroethane, ethanol, DMF and 

benzene were used as supplied in anhydrous form from commercial suppliers. 

Commercial solids and liquids were used as supplied unless stated otherwise (see 

Appendix 1). Reaction temperatures were recorded as bath temperatures. Flash 

column chromatography was performed using BDH ¥254 silica gel. Analytical thin 

layer chromatography was performed on pre-coated Merck silica gel 60 F254 glass 

backed plates and visualised by either UV light (254 nm) or reactive stain reagents as 

appropriate. Petrol ether refers to light petroleum ether which is the fraction with bp. 

40-60 °C. NMR analyses were performed on Bruker AC 250 MHz, AV 400 MHz, 

DRX 400 MHz or AM 500MHz instruments; Chemical shifts are quoted in ppm 

relative to IMS (as referenced to residual CHC1 3 5H=7.26 or CDC1 3 6C=77.0), with 

coupling constants quoted in Hz. Splitting patterns are abbreviated as follows: singlet 

(s), doublet (d), triplet (t), quartet (q), multiple! (m) and combinations of the above. 

Infrared analyses were recorded on NaCl plates as thin films. A Mattson Satellite 

FTIR spectrometer was employed in the absorption range of 4000-600 cm" 1 and the 

data are quoted in cm" 1 . Melting points were determined using a Reichert hot plate 

microscope and are uncorrected. Optical rotations were measured on an Optical- 

Activity AA-5 polarimeter with a path length of 10 cm in MeOH or EtOH unless 

stated otherwise. [a] D values are given in 10" 1 deg cm2 g" 1 . Concentrations (c) are 

given in grams per 100 cm3 . Mass spectrometry was carried out by CI using ammonia 

(micromass Autospec-Q spectrometer) or ES using a Waters LCT Premier 

spectrometer at the Imperial College Mass Spectrometry Service. Chiral HPLC was 

performed on Hewlett Packard Series 1100 HPLC system with Chiralcel OD and OD- 

H columns using 'PrOH/hexane as eluent and retention times are quoted in minutes.
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(£,E)-Diethyl octa-2,6-dienedioate 85'

(A) Cross metathesis

CI ""'Ru=CHPh

OEt _______PCy3 248 

98 M 6

99 85

Exact Mass: 226.1205 
Mol. Wt.: 226.2689

1,5-Hexadiene 98 (356 uL, 3.00 mmol) and ethyl acrylate 99 (975 uL, 9.00 mmol) 

were added via syringe to a stirred solution of Grubbs second generation catalyst 248 

(127 mg, 0.150 mmol) in CH2C12 (8 mL). The mixture was heated at reflux under 

nitrogen for 30 h. The reaction mixture was then reduced in volume under reduced 

pressure and purified via FCC (petrol-10% ethyl acetate/petrol) to yield dienoate 85 

(ca. 9:1, E,E:E,Z) (183 mg, 27%) as a colourless oil and a complex mixture (340 mg, 

50%) of dienoate 85 together with other cross metathesis products.

85; R/0.71 (20% EtOAc/petrol); 6H (400 MHz; CDC1 3 ) 6.83 (2Hmajor , dt, J 15.6 and 

6.4, CH2C//=), 6.04 (2Hminor, dt, J 11.5 and 7.4, CH2C//=), 5.74 (2Hmajor, d, J 15.6, 

CH2CH=C#), 5.66 (2Hminor, d, J 11.5, CH2CH=C#), 4.07 (4Hmajor , q, J 7.1, CH3C//2 ), 

4.02 (4Hminor, q, / 7.1, CH3C//2 ), 2.68 (4Hminor, q, J 7.4, CH3C//2 ), 2.23 (4Hmajor, bt, J 

3.2, C//2CH=), 1.17 (6H, t, J 7.1, C//3CH2) [lit.,51 colourless oil; 6H (400 MHz; 

CDC1 3 ) 6.95-6.90 (2H, m, CH2C//=), 5.84 (2H, d, J 16.0, CH2CH=C#), 4.18 (4H, q, J 

7.0, CH3C//2 ), 2.40-2.35 (4H, m, C//2CH=), 1.28 (6H, t, J 7.0, C//3CH2 )].
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(B) Acid cat. hydrolysis- Wittig reaction

Ph3 P=CHCO2 Et
^ EtO

O100

To a stirred solution of 2,5-dimethoxytetrahydrofuran 100 (20.0 mL, 154 mmol) in 

water (5.54 mL, 308 mmol) and THF (20 mL), conc.HCl (4.00 mL, d = 1.18) was 

added dropwise over 10 minutes and the resulting mixture was heated at reflux for 2 

h. Solid sodium bicarbonate was then added until effervescence ceased. The 

succinaldehyde 101 was salted out by addition of solid calcium chloride and extracted 

into ether (3 x 80 mL). The organic layers were combined, dried (MgSQi), filtered 

and concentrated under reduced pressure to give an orange oil. Purification by FCC 

(30-50% EtOAc/petrol) afforded 101 (5.30 g, 40%) as a clear orange oil. A solution 

of succinaldehyde 101 (5.30 g, 61.6 mmol) in dry CH2C12 (lOOmL) was treated with 

carboethoxymethylenephenylphosphorane 102 (53.7 g, 154 mmol) and 3A molecular 

sieves (2 g) and the resulting solution was stirred at room temperature for 36 h. The 

reaction mixture was filtered through a pad of celite, concentrated under reduced 

pressure, dissolved in petrol (3 x 60 mL) at -78 °C and refiltered through a pad of 

celite®, concentrated under reduced pressure and subjected to FCC (petrol-10% 

EtOAc/ petrol) to give dienoate 85 (92:8, £,£:£,Z; 12.5 g, 36% from THF 100) as a 

colourless oil; R/ 0.71 (20% EtOAc/petrol), with same 'H-NMR data as the product 

from method A.
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(C) One pot PCC oxidation- Wittig reaction

EtCX /=! \=^ OEt

According to the method of Bressette;40 PCC (53.3 g, 250 mmol) and Celite® (55.0 g) 

were added to a dry 500 mL round bottomed flask under N2 . CH2 C12 (500 mL) was 

then added and the mixture was stirred vigorously. 1,4-Butanediol 103 (9.00 g, 100 

mmol) in CH2C12 (5 mL) was added dropwise over 5 min to the reaction mixture, 

which was then stirred for 6 h at r.t. Ph3P=CHCO2Et 102 (84.3 g, 230 mmol) was then 

added and the reaction mixture was allowed to stir at r.t. for a further 48 h. Et2 O (75 

mL) was added and the mixture vacuum filtered through a fritted funnel charged with 

silica gel, washing with hexane-EtOAc solution (9:1, 400 mL). The solvent was then 

removed under reduced pressure to afford dienoate 85 (92:8, E,E:E,Z\ 4.97 g, 22%) as 

a colourless oil, with same 'H-NMR data as the product from method A.

(D) MnCV Wittig reaction

According to the method of Taylor;41 activated manganese dioxide (16.1 g, 185 

mmol) was added to a stirred solution of 1,4-butanediol 103 (2.50 g, 27.8 mmol) and 

Ph 3P=CHCO2Et (22.3 g, 64.0 mmol) in toluene (125 mL) and the mixture was heated 

to reflux. Two further portions of manganese dioxide (2 x (16.1 g, 185 mmol)) were 

added to the reaction over the first hour and then it was stirred and heated until TLC 

indicated the reaction was complete (24h). The manganese dioxide was removed by 

filtration through Celite®. The Celite® was washed well with toluene and the 

combined organic portions were concentrated in vacuo. FCC (petrol-10% 

EtOAc/petrol) gave dienoate 85 (880 mg, 14%) as a colourless oil, with the same ! H- 

NMR data as the product from method A.
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(2E, 65, 7/?)-Dihydroxy-oct-2-enedioic acid diethyl ester ent-87

EtCX s=t ,OEt EtO OEt + enf-84

Exact Mass: 260.126 
Mol. Wt.: 260.2836

According to the method of Sharpless;95 a mixture of AD-mix-a (700 mg, 0.500 

mmol) and CH3 SO2NH2 (47.5 mg, 0.500 mmol) was dissolved in a mixture of 'BuOH: 

H2O (2 mL: 2 mL) at r.t. Dienoate 85 (113 mg, 0.500 mmol) was added slowly and 

the reaction was stirred for 2 h. Sodium sulfite was added and the suspension was 

stirred vigorously for 30 min. The product was extracted with EtOAc (2 x 50 mL) and 

the combined organic extracts were washed with brine (40 mL), dried (MgSO.^), 

filtered and concentrated under reduced pressure. The crude product was purified via 

FCC (Et3N base wash, petrol-20% EtOAc/petrol) to yield diol ent-81 (107 mg, 82%) 

as a pale yellow oil, ee= 57% (Chiral HPLC, chiralcel OD, 10% 'PrOH/Hexane, 0.8

mL/min, 254 nm, ent-%1 (1.9 min), 87 (6.0 min)), [a] 2D° +25.3 (c. 2.70 in EtOH); R/

0.20 (50% EtOAc/petrol); and THF ent-84 (13 mg, 10%) as a yellow oil; R/ 0.57 

(50% EtOAc/petrol).

ent-87- vmax (CHCl 3 )/cirf ' 3566, 3157, 1731, 1657, 1274; 6H (250 MHz; CDC1 3 ) 6.92 

(IH, dt, J 15.7 and 6.9, CH2C//=), 5.81(1H, d, J 15.7, CH2CH=C/f), 4.22 (2H, q, J 

7.1, CH3C//2OCO(=O)C(OH)), 4.12 (2H, q, J 7.1, CH3 C7/2 ), 4.02 (IH, d, J 1.8, 

C//(OH)C(=O)O), 3.90-3.81 (IH, m, C//(OH)CH2), 3.52(1H, bs, CH(O//)C(=O)O), 

2.74 (IH, bs, CH(0//)CH2 ), 2.50-2.15 (2H, m, C//2CH(OH)) 1.85-1.58 (2H, m, 

C//2CH=CH), 1.26 (3H, t, J 7.1, C//3CH2 ), 1.23 (3H, t, J 7.1, C//3CH2 ); 6C (126 

MHz; CDC13 ) 173.2, 166.6, 148.0, 122.0, 73.0, 71.6, 62.3, 60.2, 32.1, 28.3, 14.2, 

14.1; m/z (CI) 278 (MNH4+ , 100%), 261 (MH+, 12%), (Found: MH+ 261.1331. 

requires MH+, 261.1338; A 2.6ppm).



(2E, 6/?, 75)-Dihydroxy-oct-2-enedioic acid diethyl ester 87

EtO .OEt EtO

Exact Mass: 260.126 
Mol. Wt.: 260.2836

According to the method of Sharpless;95 a mixture of AD-mix-a (700 mg, 0.500 

mmol) and CH3SO2NH2 (47.5 mg, 0.500 mmol) was dissolved in a mixture of 'BuOH: 

H2O (2 mL: 2 mL) at r.t. Dienenoate 85 (113 mg, 0.500 mmol) was added slowly and 

the reaction was stirred for 2 h. Sodium sulfite was added and the suspension was 

stirred vigorously for 30 min. The product was extracted with EtOAc (2 x 50 mL) and 

the combined organic extracts were washed with brine (40 mL), dried (MgSQi), 

filtered and concentrated under reduced pressure. The crude product was purified via 

FCC (Et3N base wash, petrol-20% EtO Ac/petrol) to yield diol 87 (122 mg, 85%) as a 

pale yellow oil, ee= 73% (Chiral HPLC, chiralcel OD, 8% 'PrOH/Hexane, 0.8 

mL/min, 254 nm, ent-81 (16.4 min), 87 (20.3 min)); R/0.20 (50% EtO Ac/petrol);

[a] 2D° -28.7 (c. 3.35 in EtOH); with (10%, 13 mg) of THE 84 as a yellow oil; R/0.57 

(50% EtOAc/petrol).

87; vmax (CHC\3)/cm l 3566,3157, 1731, 1657, 1274; 6H (250 MHz; CDC13 ) 6.92 (IH, 

dt, J 15.7 and 6.9, CH2C//=), 5.81(1H, d, J 15.7, CH2CH=C//), 4.22 (2H, q, J 7.1, 

CH3C//2OCO(=O)C(OH)), 4.12 (2H, q, J 7.1, CH3 CY/2 ), 4.02 (IH, d, J 1.8, 

C//(OH)C(=O)O), 3.90-3.81 (IH, m, C//(OH)CH2 ), 3.52(1H, bs, CH(0//)C(=O)O), 

2.74 (IH, bs, CH«9//)CH2 ), 2.50-2.15 (2H, m, C//2CH(OH)) 1.85-1.58 (2H, m, 

C//2CH=CH), 1.26 (3H, t, J 7.1, C#3CH2 ), 1.23 (3H, t, 7 7.1, C//3CH2 ); 6C (126 

MHz; CDC13 ) 173.2, 166.6, 148.0, 122.0, 73.0, 71.6, 62.3, 60.2, 32.1, 28.3, 14.2, 

14.1; m/z (CI) 278 (MNH4+ , 100%), 261 (MH+, 12%), (Found: MH+ 261.1331. 

Ci 2 H2oO6 requires MH+ 261.1338; A 2.6ppm).
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(5)-[(2/?,5/?)-5-Ethoxycarbonylmethyltetrahydrofuran-2-yl]-hydroxyacetic acid 
ethyl ester 84b and (5)-[(2/?,55)-5-ethoxycarbonylmethyItetrahydrofuran-2-yl]- 

hydroxyacetic acid ethyl ester 84a

(A) One-pot Synthesis-DBU

EtO ,OEt
EtO OEt

OH 
84a p-H20 
84b a-H20 

Ci 2 H2oO6
Exact Mass: 260.126 
Mol. Wt.: 260.2836

AD-mix-p (1.40 g, 1.00 mmol), CH3 SO2NH2 (95.0 mg, 1.00 mmol) and DBU (299 

jaL, 2.00 mmol) were dissolved in fBuOH: H2O (4 mL: 4 mL) at r.t. The Dienoate 85 

(226 mg, 1.00 mmol) was added slowly and the reaction was stirred for 18 h. Sodium 

sulfite (2 g) was added and the suspension was stirred vigorously for 30 min. 0.1 M 

HC1 was added dropwise for neutralization of the reaction mixture (monitored with 

universal indicator). The product was extracted with EtOAc (2 x 10 mL), washed with 

brine (10 mL), dried (MgSO.*), filtered and concentrated under reduced pressure. The 

crude product was purified via FCC (1% Et3 N (petrol) base wash, 30% EtOAc/petrol) 

to yield THFs 84b/84a (79.0 mg, 35%) as a yellow oil, d.r = 3:2 trans:cis. Separation 

of 84a and 84b via FCC (1% Et3N (petrol) base wash, Petrol -30% EtOAc/petrol) 

afforded THFs 84a (47.0 mg) and 84b (32.0 mg) as yellow oils.

84b; Rf = 0.57, (50% EtOAc/ petrol); [a] 2D° -78.4 (c. 0.74 in EtOH); vmax (CHCl3 )/cm"

1 3514, 2980, 1736, 1447, 1154; 5H(250 MHz; CDC13 ) 4.38-4.30 (2H, m, CH2C//O, 

C//CH(OH)), 4.25 (2H, q, J 7.2, C//jCH2CO2 ), 4.13 (2H, q, J 7.1, C//jCH2CO2 ), 4.05 

(1H, d, J 1.4, C//(OH)), 2.58 (1H, dd, J 14.5 and 7.5, C//2C(=O)OEt), 2.46 (1H, dd, J 

14.5 and 5.7, C//2C(=O)OEt), 2.24-2.14 (1H, m, C//2CH2CHCH(OH)), 2.12-2.00 

(2H, m, C//2CHCH(OH)), 1.66-1.57 (1H, m, C//2CH2CHCH(OH)), 1.29 (3H, t, J 7.2, 

C//j-CH 2 ), 1.24 (3H, t, J 7.1, C//5CH 2 ); 6C (101 MHz, CDC1 3 ) 172.7 (C), 171.4 (C), 

80.2 (CH), 76.4(CH), 72.1 (CH), 61.5 (CH2 ), 60.7 (CH 2 ), 40.5 (CH 2 ), 31.1 (CH 2 ). 

26.9 (CH 2 ), 14.2 (2 x CH3 ); m/z (CI) 278 (MNH4+ , 100%). 261 (MH+. 15%), 196
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(20%), 164 (32%), 102 (100%), (Found: MNH4+ 278.1605. Ci 2H2oO6 requires

MNH4+, 278.1603; A 0.5 ppm).

84a; R/= 0.43, (50% EtOAc/ petrol); [a] 2D° -65.3 (c. 0.90 in EtOH); vmax (CHCl3 )/cm- 1

3514,2980, 2931, 2876, 1736, 1447, 1154; 6H(250 MHz; CDC1 3 ) 4.46-4.37 (IH, m, 

CH2C//(0)), 4.33 (IH, td, J 7.6 and 2.3, C//CH(OH)), 4.25 (2H, q, J 7.2, 
CH 3C//2CO2 ), 4.13 (2H, q, / 7.1, CH3C//2CO2 ), 4.05 (IH, d, J 2.3, C//(OH)), 2.60 

(IH, dd, J 15.6 and 6.6, C//2C(=O)OEt), 2.41 (IH, dd, J 15.6 and 6.8, 
C//2C(=O)OEt), 2.24-2.14 (IH, m, C//2CH2CHCH(OH)), 2.12-2.00 (2H, m, 

C//2CHCH(OH)), 1.66-1.57 (IH, m, C//2CH2CHCH(OH)), 1.29 (3H, t, J 7.2, CH3 - 

CH2 ), 1.24 (3H, t, J 7.1, C//j-CH2); 6C (101 MHz; CDC1 3 ) 172.8 (C), 171.0 (C), 79.3 

(CH), 76.4 (CH), 72.7 (CH), 61.7 (CH2 ), 60.4 (CH2 ) 40.7 (CH2 ), 32.0 (CH2 ), 27.5 

(CH2), 14.1 (2 x CH3); m/z (CI) 278 (MNH4+ , 100%), 261 (MH+, 15%), 196 (20%), 

164 (32%), 102 (100%), (Found: MNH4+ 278.1605. Ci 2H2oO6 requires MNH4+ 

278.1603; A 0.5 ppm).

(B) One-pot Synthesis-NaOH

EtO
O

.OEt
EtO

84a p-H20 
84b a-H20

^12^2006
Exact Mass: 260.126 
Mol. Wt.: 260.2836

AD-mix-p (2.80 g, 2.00 mmol) and CH3 SO2NH2 (190 mg, 2.00 mmol) were dissolved 
in 'BuOH: H2O (8 mL: 8 mL) at r.t. The Dienoate 85 (452 mg, 2.00 mmol) was added 
slowly and the reaction was stirred for 2 h until complete consumption of 85. NaOH 

(160 mg, 4.00 mmol) was then added and the reaction mixture was stirred for 8 h. 0.1 
M HC1 was added dropwise for neutralization of the reaction mixture (monitored with 

universal indicator). Sodium sulfite (4 g) was added and the suspension was stirred 
vigorously for 30 min. The product was extracted with EtOAc (2 x 50 mL), washed 

with brine (30 mL), dried (MgSO4 ), filtered and concentrated under reduced pressure. 
The crude product was purified via FCC (1% Et3 N (petrol) base wash, 30%
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EtOAc/petrol) to yield THF 84b/84a (208 mg, 40%) as a yellow oil, d.r = 3:2 

trans\cis. Separation of 84b (R/= 0.57, 50% EtOAc/ petrol) and 84a (R/= 0.43, 50% 

EtOAc/ petrol) via FCC (1% Et3 N (petrol) base wash, Petrol -30% EtOAc/petrol) 

afforded THFs 84a and 84b as yellow oils with identical 'H-NMR and 13C-NMRdata 

to the THF products isolated with method A.

(C) Michael cyclization-EtONa

EtO .OEt
EtO OEt

84a p-H20 
84b a-H20
C 12H20O6

Exact Mass: 260.126 
Mol. Wt.: 260.2836

Diol 87 (65.0 mg, 0.250 mmol) was dissolved in THF (4 mL). EtOH (115 uL, 2.50 

mmol) and EtONa/EtOH (10 mol%, 25.0 pL, 0.250 mmol) were added and the 

reaction mixture was stirred vigorously for 2 h at r.t. As soon as completion of the 

reaction was observed, the reaction mixture was neutralized with addition of 2M 

aqueous HC1. The reaction mixture was subjected to aqueous washings with brine (2 

mL), extracted into ether (2x4 mL), dried (MgSCU), filtered and concentrated under 

reduced pressure. THFs 84b/84a (32.5 mg, 50%) were isolated as a pale yellow oil 

via FCC (1% Et3N base wash, petrol-30% EtOAc/petrol). ! H and I3C-NMR data 

confirmed the formation of the same products in a 3:2 trans: cis diastereomeric ratio 

as in method A.
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(D) Michael cyclization-'BuONa

EtO ,OEt
EtO OEt

OH 
84a p-H20 
84b a-H20
C 12H2oO6

Exact Mass: 260.126 
Mol. Wt.: 260.2836

Diol 87 (100 mg, 0.390 mmol) was dissolved in 'BuOH (3 mL). 'BuONa (37.5 mg, 

0.390 mmol) were added and the reaction mixture was stirred vigorously for 1 h at r.t. 

As soon as completion of the reaction was observed, the reaction mixture was 

neutralized with addition of 2M aqueous HC1 . The reaction mixture was subjected to 

aqueous washings with brine (2 mL), extracted into ether (2x5 mL), dried (MgSO4), 

filtered and concentrated under reduced pressure. THFs 84b/84a (40.6 mg, 40%) were 

isolated as a pale yellow oil via FCC (1% EtaN base wash, petrol-30% EtO Ac/petrol), 

d.r = 3:2 trans: cis.

(E) Michael cyclization-LHMDS

EtO
O

.OEt
EtO OEt

84a p-H20 
84b a-H20
C-| 2 H20O6

Exact Mass: 260.126 
Mol. Wt.: 260.2836

To a stirred solution of hexamethyldisilazane (64.4 uL, 0.424 mmol, 1.06 M in THF) 

in anhydrous THF (3 mL) at -78°C was added butyllithium (170 pL, 0.424 mmol, 2.5 

M in hexanes,). The reaction mixture was allowed to stir for 30 minutes and then 

added to a stirred solution of diol 87 (100 mg, 0.390 mmol) in anhydrous THF (7 mL) 

at -78°C. The reaction mixture was stirred at -40°C and monitored by TLC analysis. 

The reaction did not go to completion within 12 h but it was quenched with saturated 

aqueous NH4C1 (5 mL) and extracted with Et2 O (2 x 10 mL). The combined organic
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extracts were washed with brine, dried (MgSO4), filtered and the solvent removed in 

vacuo. THFs 84b/84a were separated from the unreacted diol 87 via FCC (1% Et3N 

base wash, petrol-30% EtOAc/petrol) and 'H-NMR showed the formation of a 3:2 

trans: cis mixture of diastereoisomers.

Z,Z-Diethyl octa-2,6-dienedioate Z,Z-85

o
(PhO)2P(0)H ———————- (PhO)2 P(0)CH2C02 Et ——————*

104 1 °5 B Z,Z-85

Exact Mass: 226.1205 
Mol. Wt.: 226.2689

According to the method of Ando;42a to a solution of diphenyl phosphite 104 (5.75 

mL, 30.0 mmol, d= 1.223) in CH2C12 (30 mL) was added ethyl bromoacetate (5.10 

mL, 30.0 mmol) and then triethylamine (4.25 mL, 42.0 mmol) at 0 °C. After stirring 

for 15 min at 0 °C, the mixture was stirred for 1 h at r.t., quenched with water and 

extracted with EtOAc/Hexane (3:1, 2 x 40 mL). The organic layers were combined, 

washed with water, followed by brine, dried (MgSC>4) and concentrated under reduced 

pressure to give a pale yellow residue. Purification via FCC (hexane-10% 

EtOAc/hexane) afforded phenylphosphonate 10542b (4.00 g, 42%) as a colourless oil 

oil; R/ 0.32 (30% EtOAc/petrol); 6H (400 MHz; CDC13 ) 7.40-7.28 (4H, m, ArH), 7.25- 

7.10 (6H, m, ArH), 4.23 (2H, q, J 7.1, CH3C//2 ), 3.26 (2H, d, J 21.2, C//2P(=O)), 1.28 

(3H, t, J 7.1, C//3CH2)] [lit.,42b colourless oil; 8H (500 MHz; CDC13 ) 7.36-7.32 (4H, 

m, ArH), 7.25-7.18 (6H, m, ArH), 4.23 (2H, q, J 7.0, CH3C#2 ), 3.26 (2H, d, J 22, 

C//2P(=O)), 1.28 (3H, t, J 7.0, C//3CH2 )]. According to the method of Ando;42b to a 

solution of (PhO)2P(=O)CH2COOEt 105 (4.00 g, 12.5 mmol) in dry THF (50 ml) was 

added NaH (572 mg, 14.3 mmol, 60% dispersion in mineral oil) at 0 °C. After 15 min, 

succinaldehyde 101 (490 mg, 5.70 mmol) in THF (10 mL) was added at -78 °C and 

the resulting mixture was gradually warmed to 0 °C and stirred for 8 h. The reaction 

was quenched with saturated NH4C1 and the mixture was extracted with EtOAc (3 x 

40 mL). The combined organic layers were washed with water (40 mL) followed by 

saturated aqueous NaCl (40 mL), dried (MgSO4), filtered and concentrated under 

reduced pressure. Purification via FCC (5% EtOAc/petrol) afforded dienoate Z.Z-85
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max(400 mg, 14 %) as a colourless oil (Z,Z:£,Z, 80:20); Ry 0.83 (30% EtOAc/petrol); v 

(CHChVcm' 1 3419, 1713, 1644, 1416, 1200; 5H (250 MHz; CDC1 3 ) 6.83 (2Hminor, dt, 

J 15.6 and 6.4, CH2C//=), 6.20 (2Hmaj0r, dt, J 11.5 and 7.3, CH2C//=), 5.78 (2H, d, 7 

11.5, CH2CH=C//), 4.14 (4H, q, J 7.1, CH3C//2 ), 2.83 (4Hmajor, bt, J 3.3, C//2CH=), 

2.40-2.24 (4Hminor, m, C//2CH=), 1.28 (6H, t, J 7.1, C//3CH2 ); 5C (101 MHz; CDC1 3 ) 

2 x 166.3, 2 x 148.7, 2 x 120.5, 2 x 59.9, 2 x 28.1, 2 x 14.2; m/z (CI) 244 (MNH4+, 

100%), 227 (MH+, 87%), (Found: MH+ 227.1284. Ci 2Hi 8O4 requires MH+ 

227.1283; A 0.5 ppm).

(/?)-[(2/?,5/?)-5-Ethoxycarbonylmethyltetrahydrofuran-2-yl]-hydroxyacetic acid 

ethyl ester 84d and (/?)-[(25',5/?)-5-ethoxycarbonylmethyltetrahydrofuran-2-yl]- 

hydroxyacetic acid ethyl ester 84c

O

EtO

O

OEt
2Q 23

Z,Z-85
84c (3-H 20 
84d a-H2 o

Ci2H2oOe
Exact Mass: 260.126 
Mol. Wt.: 260.2836

AD-mix-p (1.23 g, 0.88 mmol), CH3 SO2NH2 (83.6 mg, 0.88 mmol) and DBU (269 

pL, 1.80 mmol) were dissolved in rBuOH: H2 O (4 mL: 4 mL) at r.t. Dienoate Z,Z:E,Z- 

85 (80:20) (200 mg, 0.88 mmol) was added slowly and the reaction was stirred for 18 

h. Sodium sulfite (2 g) was added and the suspension was stirred vigorously for 30 

min. 0.1 M HC1 was added dropwise for neutralization of the reaction mixture 

(monitored with universal indicator). The product was extracted with EtOAc (2 x 10 

mL), washed with brine (10 mL), dried (MgSO4), filtered and concentrated under 

reduced pressure. The crude product was purified via FCC (1% Et3 N (petrol) base 

wash, 30% EtOAc/petrol) to yield THFs 84d (R/= 0.50, 50% EtOAc/ petrol) /84c (Rf 

= 0.45, 50% EtOAc/ petrol) (80.0 mg, 35%) as a yellow oil, d.r = 3:2 transits. *H and 

I3C-NMR data are different from 84a,b proving that the product is a cisltrans mixture 

of diastereoisomcrs 84c,d; vmax (CHCl.O/cnV 1 3514, 2930, 1736, 1273; 6 H (500 MHz; 

CDC1 3 ) 4.40 (lHmajor, d, J 2.3, C//(OH)), 4.38 (lHminor , d, J 2.5, C//(OH)), 4.36-4.28 

(2H, m, CH2C//(0)), 4.25 (4H, q, J 7.1, CH 3C//2CO2 ), 4.21 (4H, q, ./ 7.2.
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CH3C//2CO2 ), 4.18-4.10 (2H, d, J 2.3. C//CH(OH)), 2.62 (lHminor, dd, J 14.6 and 7.3. 

C//2C(=0)OEt). 2.61 (lHmajor , dd, J 14.6 and 7.2, C//2C(=O)OEt), 2.51 (lHmajor, dd, J 

14.6 and 5.7, C//2C(=O)OEt), 2.45 (lHminor, dd, 7 14.6 and 5.6, C//2C(=O)OEt), 2.42- 

2.26 (2H, m, C//2CH2CHCH(OH)), 2.10-1.96 (4H, m, C//2CHCH(OH)), 1.90-1.78 

(2H, m, C//2CH2CHCH(OH)), 1.30 (3Hmajor , t, J 7.2, C//5CH2 ), 1.28 (3Hminor, t, J 7.2. 
C//5CH2), 1.23 (3Hmajor, t, J 7.1, C//3CH2), 1.22 (3Hminor, t, J 7.2, C//3CH2); 6C (125 

MHz; CDC13 ) 172.8, 172.3, 171.9, 171.4, 84.4, 82.7, 80.6, 79.9, 72.4, 72.0, 61.7, 61.5, 
60.6, 60.5, 40.3, 40.2, 31.9, 31.8, 27.3, 27.2, 14.1 (2 x CH3 ), 14.0 (2 x CH3 ); m/z (CI) 

278 (MNH4+ , 100%), (Found: MNH4+ 278.1605. Ci 2H2oO6 requires MNH4+, 

278.1603; A 0.5 ppm).

lodonium Dicollidine Triflate 250

250

According to the method of McGavin and Lowary;46 the reagent was prepared from 
the reaction of AgOTf (2.60 g, 10.0 mmol) with collidine 249 (2.42 g, 20.0 mmol) in 
DCM (20 mL), followed by the addition of I2 (2.54 g, 10.0 mmol). The reaction 
mixture was filtered through Celite® and crystallization was induced by the addition 

of Et2 O. The resulting solid 250 (3.42 g, 66%) was filtered and dried in vacuo before 
it was used; vmax (CHC^/cnf 1 1638, 1620, 1422, 1265, 1172; 6H(400 MHz; CDC1 3 ) 

7.24 (2H, s, ArH), 7.11 (2H, s, ArH), 2.73 (6H, s, CH3C=N), 2.58 (6H, s, CH3C=N), 

2.38 (3H, s, C//jC=), 2.29 (3H, s, C//jC=); 5C(101 MHz; CDC13 ) 157.8, 4 x 157.3, 

154.1, 153.2, 2 x 125.3, 2 x 125.0, 2 x 29.1, 21.6, 2 x 20.8, 20.3; m/z (FAB+) 122 

(CollidineH+, 100%), 393 (M(-CF3 SO3 )Na+ , 33%).
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(4/?,5/?)-5-[(£:)-4-Ethoxycarbonylbut-3-enyl]-2,2-dimethyl-[l,3]dioxolane-4- 
carboxylic acid ethyl ester 115

EtO ,OEt EtO

O

87
115

Cl5H24O6
Exact Mass: 300.1573 

Mol. Wt: 300.3475

According to the method of Lal;96 Diol 87 (300 mg, 0.87 mmol) was dissolved in 

anhydrous acetone (3.30 mL) and the solution was cooled in an ice bath. A solution of 

anhydrous A1C13 (244 mg, 1.83 mmol) in anhydrous Et2 O (3.30 mL) was added 

dropwise and the mixture was stirred at room temperature for 3.5 h. The reaction was 

then quenched with ice-cold 10% NaHCO3 solution and extracted with CHC1 3 (3 x 30 

mL). The organic phase was washed with H2O (30 mL), dried (Na2SO4) and 

evaporated under reduced pressure. The crude product was purified via FCC (Petrol to 

10% EtO Ac/ Petrol) to afford acetonide 115 (280 mg, 81%) as a pale yellow oil; R/

0.69 (30% EtO Ac/petrol); [a] 2D° -73.2 (c. 0.70 in EtOH); vmax (CHCl3)/crn ' 3514,

1739, 1655, 1447, 1374, 1244; 6H(400 MHz; CDC1 3 ) 6.95 (IH, dt, J 15.6 and 6.8, 

C//=CHC(=O)), 5.84 (IH, d, J 15.6, CHC//C(=O)), 4.22 (2H, dq, J 3.3 and 7.0, 

CH3C//2CO2 ), 4.15 (2H, q, J 7.0, CH3C//2CO2 ), 4.12-4.08 (2H, m, (O)C//C//(O)), 

2.45-2.27 (2H, m, C//2CH2CH(O)), 1.97-1.75 (2H, m, C//2CH(O)), 1.44 (3H, s, 

(C//3)2CO)), 1.40 (3H, s, (C//3 )2CO)), 1.27 (6H, q, J 7.0, C//3CH2); 6C (101 MHz; 

CDC1 3 ) 170.6, 166.5, 147.6, 121.9, 111.0, 78.9, 78.1, 61.4, 60.2, 31.8, 28.2, 27.1, 

25.6, 14.2, 14.1; m/z (CI) 318 (MNH4+, 96%), 301 (MH+, 12%), 244 (31%), 174 

(38%), 157 (100%), (Found: MNH4+, 318.1913. Ci 5H24O6 requires MNH4+, 

318.1917; A 1.2 ppm).
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(5)-{(2/?,5/?)-5-[(/?)-Ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}- 

hydroxyacetic acid ethyl ester 116b and (S)-{(2R,5S)-5-[(R)- 

ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}-hydroxyacetic acid ethyl ester 
116a

EtO.
EtO OEt 

OH
116a(3-H20 
116ba-H20
Ci 2 H 19 IO6

Exact Mass: 386.0226 
Mol. Wt.: 386.1801

According to the method of Mootoo;45 ICDT (498 mg, 0.960 mmol) was added to the 

solution of 87 (100 mg, 0.390 mmol) in dry CH3CN (7 mL) and the reaction was 

stirred for 1 h at r.t. Then the reaction mixture was diluted with Et2O (10 mL), washed 

with aqueous Na2S2O6 (lOmL), dried (MgSQt), filtered and concentrated under 

reduced pressure to give a yellow oil. Purification via FCC (30% Et2O/CH2Cl2) 

afforded 116a/116b (120 mg, 80%) as a yellow oil, (cis: trans, 1:3); vmax (CHCl3 )/cm 

1 3469, 1736, 1633, 1465, 1268; 6H (400 MHz; CDC1 3 ) 4.43-4.27 (4H, m, 

C//CH(OH), CH(I)C//(O)), 4.26-4.10 (8H, m, CH3C//2OC(=O)), 4.00 (2H, bd, J 4.0, 

C//(OH)), 3.25 (lHminor, d, J 8.4, Of (I)), 2.99 (lHmajor, d, J 7.2, C//(I)), 2.41-2.32 

(2H, m, C//2CHCH(OH)), 2.25-1.90 (4H, m, C//2CH2CHCH(OH), C//2CHCH(OH)), 

1.87-1.74 ((2H, m, C//2CH2CHCH(OH)), 1.30-1.17 (12H, m, C//jCH2); 8C (101 

MHz; CDC13 ) 172.4, 172.2, 170.1, 169.5, 81.9, 81.3, 80.8, 80.7, 72.2, 71.4, 62.0, 61.7, 

2 x 61.6, 32.1, 30.4, 27.4, 26.0, 25.6, 24.2, 14.2, 14.1, 2 x 13.7; m/z (CI) 404 

(MNH4+, 100%), 299 (29%), 278 (38%), (Found: MNH4+ , 404.0581. Ci 2Hi 9O6Ii 

requires MNH4+, 404.0570; A 2.6 ppm).
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(5)-{(2/?,5^)-5-[(/?)-EthoxycarbonyliodomethyI]-tetrahydrofuran-2-yl}- 

hydroxyacetic acid ethyl ester 116b and (S)-{(2R,5S)-5-[(R)- 

ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}-hydroxyacetic acid ethyl ester 
116a

EtO OEt EtO OEt

116ap-H20 
116ba-H20
C 12 H 19 IO6

Exact Mass: 386.0226 
Mol. Wt.: 386.1801

To a solution of diol 87 (300 mg, 1.15 mmol) in dry CH3CN (10 mL) were added 

successively NaHCO3 (487 mg, 5.80 mmol) and I2 (1.50g, 5.80 mmol). The mixture 

was stirred at r.t. for 4 h. The reaction mixture was then diluted with Et2O (3 x 30 mL) 

and washed successively with aqueous saturated NaS 2O3 (20 mL) and brine (20 mL). 

The combined organic layers were dried (MgSO_0, filtered and concentrated under 

reduced pressure to give a yellow oil. Purification via FCC (20% EtOAc/petrol) 

afforded 116a/116b (400 mg, 90%) as a yellow oil, (cis: trans, 1:3). Separation of 

116a and 116b via FCC (20% EtOAc/petrol) afforded 116a (250 mg, 65%) as a 

yellow oil and 116b (77.0 mg, 20%) as a yellowish semicrystalline compound. 

Recrystallization of THF 116b from petrol afforded via resolution an enantiomerically 

enriched compound as a pale yellow crystalline solid, m.p.= 58-60°C, ee%= 93% 

(Chiral HPLC, chiralcel OD, 10% 'PrOH/Hexane, 0.05 mL/min, 254 nm 116b (153.8 

min), ent-H6b (164.0 min).

max116a; R/0.83, (50% EtO Ac/Petrol); [a] 2D° -27.4 (c. 1.33 in EtOH); v

3528, 3055, 1738, 1266, 388; 6H (400 MHz; CDC13 ) 4.43-4.40 (2H, m, C//CH(OH), 

CH(I)C//(O)), 4.28-4.18 (4H, m, CH3C//2OC(=O)), 4.02 (1H, d, J 6.4, C//(OH)-), 

3.25 (1H, d, J 8.4, C//(I)), 2.21-2.13 (3H, m, C//2CH2CHCH(OH), C//2CHCH(OH)), 

2.06-1.95 ((1H, m, C//2CH2CHCH(OH)), 1.62 (1H, bs, OH), 1.30 (3H, t, J 6.8, 

C//<CH 2 ), 1.27 (3H, t, J 7.2, C//jCH2 ); 6C (101 MHz; CDCh) 172.3 (C), 170.1 (C), 

82.0 (CH), 81.4 (CH), 71.4 (CH), 62.1 (CH 2 ), 61.8 (CH2 ), 30.5 (CH 2 ), 26.0 (CH 2 ),
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24.2 (CH), 14.1 (CH3 ), 13.7 (CH3 ); m/z (CI) 404 (MNH4+ , 43%), 278 (100%), 

(Found: MNH4+, 404.0572. Ci 2Hi 9O6I requires MNH4+, 404.0570; A 0.5 ppm).

116b; RyO.75, (50% EtOAc/Petrol); [a] 2D° -22.7 (c. 1.06 in EtOH); vmax (CHChVcnV 1

(3436, 2982, 1736, 1281, 469);8H (400 MHz; CDC13 ) 4.43 (1H, td, J 7.6 and 2.0, 

C//CH(OH)), 4.38-4.31 (1H, m, CH(I)C//(O)), 4.30-4.12 (4H, m, CH3 C7/2OC(=O)), 

4.02 (1H, d, J 2.0, C7/(OH)), 2.93 (1H, d, J 8.4, C7/(I)), 2.44-2.36 (1H, m, 

C//2CH2CHCH(OH)), 2.17-2.01 (2H, m, C//2CHCH(OH)), 1.87-1.78 (1H, m, 

C//2CH2CHCH(OH)), 1.68 (1H, bs, OH), 1.27 (3H, t, J 7.2, C//jCH2 ), 1.25 (3H, t, J 

7.2, C//jCH2 ); 5C (101 MHz; CDC13 ) 172.5 (C), 169.6 (C), 80.84 (CH), 80.75 (CH), 

72.4 (CH), 61.77 (CH2), 61.75 (CH2 ), 32.2 (CH2), 27.5 (CH2), 25.7 (CH), 14.1 (CH3 ), 

13.7 (CH3 ); m/z (CI) 404 (MNH4+, 13%), 278 (100%), (Found: MNH4+, 404.0574. 

Ci 2Hi 9O6I requires MNH4+, 404.0570; A 1.0 ppm).

(/?)-{(25,55)-5-[(5)-Ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}- 
hydroxyacetic acid ethyl ester ent-H6b and (R)-{(2S,5R)-5-[(S)- 

ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}-hydroxyacetic acid ethyl ester 

ent-116a

EtO
O

OEt EtO

O O
enM16a a-H2o 
enM16bp-H20

C-|2''19'O6
Exact Mass: 386.0226 

Mol. Wt.: 386.1801

To a solution of ent-87 (300 mg, 1.15 mmol) in dry CH3CN (10 mL) were added 

successively NaHCO3 (487 mg, 5.80 mmol) and I2 (1.50 g, 5.80 mmol). The mixture 

was stirred at r.t. for 4 h. The reaction mixture was then diluted with Et2O (3 x 30 mL) 

and washed successively with aqueous saturated NaS 2 O3 (20 mL) and brine (20 mL). 

The combined organic layers were dried (MgSO4), filtered and concentrated under 

reduced pressure to give a yellow oil. Purification via FCC (30% Et2O/CH 2 Cl 2 ) 

afforded THFs ent-l!6a and ent-H6b (400 mg, 90%) as a yellow oil, (cis: trcms, 1:3). 

Separation of ent-H6a and ent-H6b via FCC (20% EtOAc/petrol) afforded THF cnt-
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116a RyO.80, (50% EtOAc/Petrol) as a yellow oil; [a] 2D° +26.8 (c. 1.70 in EtOH);

and ent-H6b R/ 0.70. (50% EtOAc/Petrol) as a yellowish semicrystalline compound. 

White needle crystals of ent-H6b suitable for X-ray crystallography were grown by 

recrystallization by diffusion (ent-H6b was dissolved in the minimum amount of 

toluene in a small vial and placed in a large vial containing petrol) in two weeks at

r.t.; m.p.= 58-60°C; [a] 2D° +22.2 (c. 1.13 in EtOH); 'H-NMR and 13C-NMR data 

identical to 116a and 116b.

(S)-[(2/?,5/?)-5-Ethoxycarbonylmethyltetrahydrofuran-2-yl]-hydroxyacetic acid 

ethyl ester 84b

(A) Deiodination with AIBN, nBu3SnH

O

EtO

O O

OEt EtO
,, I 116b OH

-^°'H "T ^OEt
84b OH

Exact Mass: 260.126 
Mol. Wt.: 260.2836

.47According to the method of Guindon and coworkers; A solution of 116b (300 mg, 

0.780 mmol) in anhydrous toluene (8 mL) was placed in a flask under an inert 

atmosphere and heated at reflux. A solution of "Bu3SnH (460 uL, 1.56 mmol) and 

AIBN (2.56 mg, 0.016 mmol) in anhydrous toluene (2 mL) was added dropwise over 

10 min with a syringe pump. The solution was then stirred at reflux for 1 h, before it 

was cooled to r.t. and the solvent removed under reduced pressure. Purification via 

FCC (30% EtOAc/ petrol) afforded THF 84b (193 mg, 95%) as a yellow oil; R/0.57 

(50% EtOAc/Petrol); [a] 2D° -78.4 (c. 0.74 in EtOH); vmax (CHCl^/cirf 1 3514, 2980,

1736, 1447, 1154; 5H (400 MHz; CDC13) 4.46-4.37 (IH, m, CH2C//(O)), 4.33 (IH, td, 

J 7.6 and 2.3, C//CH(OH)), 4.25 (2H, q, J 7.2, CH3C//2CO2 ), 4.13 (2H, q, J 7.1, 

CH3C//2CO2 ), 4.05 (IH, d, J 2.3, C//(OH)), 2.60 (IH, dd, J 15.6 and 6.6, 

C//2C(=O)OEt), 2.41 (IH, dd, J 15.6 and 6.8, C//2C(=O)OEt), 2.24-2.14 (IH, m, 

C//2CH2CHCH(OH)), 2.12-2.00 (2H, m, C//2CHCH(OH)), 1.66-1.57 (IH, m, 

C//2CH2CHCH(OH)), 1.29 (3H, t, J 7.2, C//jCH2 ), 1.24 (3H, t, J 7.1, C// ? CH 2 ); c\
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(101 MHz; CDC1 3 ) 172.8 (C), 171.0 (C), 79.3 (CH), 76.4 (CH), 72.7 (CH), 61.7 

(CH2 ), 60.4 (CH2 ) 40.7 (CH2 ), 32.0 (CH2 ), 27.5 (CH2 ), 14.1 (CH3 ), 14.1 (CH3 ); m/z 

(CI) 278 (MNH4+ , 100%), 261 (MH+, 15%), 196 (20%), 164 (32%), 102 (100%), 

(Found: MNH4+ , 278.1605. Ci 2H2oO6 requires MNH4+ 278.1603; A 0.5 ppm).

(B) Deiodination with cat. InCl3, NaBH4

EtO

O

H H ^u 
116b OH

OEt EtO - O
H H ^,, 

84b OH
OEt

C-| 2 H2oO6
Exact Mass: 260.126 
Mol. Wt.: 260.2836

According to the method of Baba;48 A two-neck round bottomed flask charged with 

InCl3 (21.7 mg, 0.098 mmol) was heated at 150°C in vacua for 1 h and then allowed 

to cool down to room temperature. After filling with nitrogen, dry MeCN (1 mL) was 

added and the reaction mixture was cooled to -78 °C. NaBH4 (86.1 mg, 0.980 mmol) 

was added and the mixture was stirred at this temperature for 5 min. After the 

heterogeneous solution was warmed up to r.t., 116b (0.980 mmol, 377 mg) was added 

and the resuting mixture was stirred for 3 h. Distilled water was added until 

effervescence stopped and the reaction mixture was extracted with ether (3 x 30 mL). 

The combined organic layers were dried (MgSO4), filtered and concentrated under 

reduced pressure. Purification via FCC (40% Et2O/ petrol) afforded THF 84b (186 

mg, 73%) as a yellow oil; 1 H-NMR data identical to the compound prepared with 

method A.
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{(2/?,5/f)-5-[(/?)-l,2-Dihydroxyethyl]-tetrahydrofuran-2-yI}-acetic acid ethyl ester 

117 and {(2/?,5/?)-5-[2-hydroxyacetyl]-tetrahydrofuran-2-yl}-acetic acid ethyl 

ester 118

O i——i 

^v. ^/->^ xix. .x^s^ t^inH-i oUcr~i.^\'^ ^*^s^-^•S'^L m^+^r /"M i IU lo O
EtO G°i i OH Exact Mass: 218.1154 

OH Mol. Wt.: 218.2469

EtO ^^; O 1>T OH Exact Mass: 216.0998
Mol. Wt.: 216.231

According to the method of Saito;32 To a stirred solution of a-hydroxy ester 84b (3.28 

g, 12.6 mmol) in dry THF (10 mL), BMS (975 uL, 12.8 mmol) was added dropwise 

over 30 min at r.t. The solution was stirred at this temperature until evolution of 

hydrogen ceased (30 min). The flask was then cooled in a water-ice bath (10 °C) and 

stirring was continued for 10 min. NaBH4 powder (24.0 mg, 0.630 mmol) was added 

in one portion with vigorous stirring. When the exothermic reaction stopped, the 

water bath was removed and the reaction was continued at r.t. for 1 h-1.5 h. The 

reaction was quenched with EtOH until effervescence ceased and the resulting cloudy 

solution was stirred for 30 min at r.t. followed by concentration under vacuum to give 

a cloudy yellowish oil. It was dissolved in benzene: ethanol (1:1, 3 mL) and the 

resulting solution concentrated under reduced pressure. This was done repeatedly to 

eliminate B(OEt)3 as completely as possible to give a clear yellow oil. The residue 

was purified and products were separated via FCC (base wash 1% EtsN/petrol, 20% 

EtOAc/ petrol to 50% EtOAc/ petrol) to afford diol 117 (R/ = 0.38, 50%

EtOAc/petrol) (1.64 g, 60%) as a yellow oil [a] 2̂  -17.7 (c. 1.47 in MeOH); with (576

mg, 18%) recovered starting material 84b. When the reaction was quenched earlier 

(45 min), we isolated diol 117 (1.43 g, 52%), a-hydroxy ketone 118 (381 mg, 14%) 

(Ry = 0.76, 50% EtOAc/petrol) also as a yellow oil; [a] 2^ -29.9 (c. 0.67 in MeOH) 

with recovered starting material (655 mg, 20%).
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117; vmax (CHCLO/cm- 1 3470, 3054, 1732, 1462, 1265; 6H (400 MHz; CDC1 3 ) 4.36 

(IH, tt, J 7.8 and 5.6, C//2C//O), 4.13 (2H, q, J 7.1, CH3C//2O), 4.04 (IH, td, J 7.4 

and 5.2, CH(OH)C//(O)), 3.72-3.60 (2H, m, C//2 (OH), C//(OH)CH2(OH)), 3.53 (IH, 

dd, J 9.0 and 4.6, C//2 (OH)), 2.74 (2H, bs, OH), 2.57 (IH, dd, J 15.4 and 7.5 

C//2C(=O)OEt), 2.47 (IH, dd, J 15.4 and 5.6, C//2C(=O)OEt), 2.19-2.10 (IH, m, 

C//2CHCH(OH)), 2.06-1.93 (IH, m, C//2CHCH(OH)), 1.92-1.80 (IH, m, 

C//2CH2CHCH(OH)), 1.77-1.57 (IH, m, C//2CH2CHCH(OH)), 1.25 (3H, t, J 7.1, 

C//?CH2 ); 5C (101 MHz; CDC13 ) 171.2, 80.2, 75.8, 73.1, 64.5, 60.6, 40.5, 31.9, 27.8, 

14.1; m/z (CI) 236 (MNH4+, 100%), 219 (MH+, 10%), (Found: MNH4+ 236.1502. 

CioHi 8O5 requires MNH4+ , 236.1498; A 1.9 ppm).

118; vmax (CHClsVcm' 1 3439, 1729, 1465, 1446, 1373, 1269; 5H (400 MHz; CDC13 ) 

4.55 (IH, t, J 7.8, C(=O)C//(O)), 4.50 (IH, s, C//2(OH)), 4.47 (IH, s, C//2(OH)), 

4.44-4.37 (IH, m, CH2C//O), 4.15 (2H, q, J 7.1, CH3C#2O), 2.75 (IH, bs, OH), 2.62 

(IH, dd, J 7.8, 15.4, C//2CH(O)), 2.47 (IH, dd, J 15.4 and 5.9, C//2CH(O)), 2.38-2.26 

(IH, m, C//2CHC(=O)), 2.38-2.26 (IH, m, C//2CHC(=O)), 2.19-2.08 (IH, m, 

C//2CHC(=O)), 2.06-1.87 (IH, m, C//2CH2CHC(=O)), 1.71-1.54 (IH, m, 

C//2CH2CHC(=O)), 1.26 (3H, t, J 7.1, C//3CH2 ); 5C (101 MHz; CDC13 ) 212.2, 170.6, 

81.7, 77.1, 65.9, 60.7, 40.2, 31.1, 29.2, 14.2; m/z (CI) 234 (MNH4+, 100%), (Found: 

MNH4+ 234.1335. Ci 0Hi 6O5 requires MNH4+, 234.1341; A 2.7 ppm).

{(2/f,5/?)-5-[(/?)-l,2-Bis-(^rr-butyldimethylsilanyloxy)-ethyl]-tetrahydrofuran-2- 

yl}-acetic acid ethyl ester 127

EtO

Exact Mass: 446.2884 
Mol. Wt.: 446.7686

To a solution of diol 117 (270 mg, 1.24 mmol) in DMF (1.25 mL) were added 

imidazole (177 mg, 2.60 mmol) and TBSC1 (375 mg, 2.48 mmol). The reaction 

mixture was stirred vigorously at r.t. overnight. It was diluted in ether (20 mL) and
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washed several times with water (3 x 10 mL) to remove the DMF. The aqueous layers 

were combined and extracted again with ether (20 mL). The organic extracts were 

combined, dried over MgSO4 and concentrated under reduced pressure. The bis-TBS 

ether 127 was isolated by FCC (petrol to 5% EtOAc/petrol to 10% EtOAc/petrol) as a

yellow oil (440 mg, 81%); R/ 0.79 (10% EtO Ac/Petrol); [a] 2D° -61.4 (c. 0.88 in

MeOH); vmax (CHC\i)/cm l 1740, 1464, 1362, 1254, 1096; 6H (500 MHz; CDC13 ) 4.35 

(IH, tt, J 7.0 and 6.0, CH2C//(O)), 4.15 (2H, q, J 7.0, CH3 C7/2O), 4.10 (IH, td, J 1.5 

and 4.0, CH(OTBS)C//(O)), 3.67 (IH, td, J 8.0 and 4.0, C//(OTBS)), 3.60-3.56 (2H, 

m, C//2 (OTBS), 2.63 (2H, dd, J 15.0 and 7.0 C//2C(=O)OEt), 2.43 (IH, dd, J 15.0 

and 6.5, C//2C(=O)OEt), 2.17-2.11 (IH, m, C//2CHCH(OTBS)), 2.00-1.94 (IH, m, 

C//2CHCH(OTBS)), 1.89-1.82 (IH, m, C//2CH2CHCH(OTBS)), 1.64-1.54 (IH, m, 

C//2CH2CHCH(OTBS)), 1.28 (3H, t, J 7.0, C//jCH2 ), 0.91 (18H, s, (CH3 ) 3CSi, 0.091 

(3H, s, CH3Si), 0.087 (3H, s, CH3Si), 0.070 (3H, s, CH3 Si), 0.067 (3H, s, CH3Si); 5C 

(126 MHz; CDC1 3 ) 171.4, 79.3, 75.8, 75.6, 65.0, 60.3, 41.0, 32.2, 27.4, 3 x 26.0, 3 x 

25.9, 18.4, 18.2, 14.2, -4.3, -4.8, 2 x -5.40; m/z (CI) 464 (MNH4+ , 87%), 447 (MH+, 

100%), 389 (23%), 183 (20%), (Found: MNH4+, 464.3232. C22H46O5Si2 requires 

MNH4+, 464.3228; A 1.0 ppm).

{(2/?,5/?)-5-[(/?)-l-a^-Butyldimethylsilanyloxy)-2-hydroxyethyl]- 

tetrahydrofuran-2-yl}-acetic acid ethyl ester 128

EtO OTBS EtO

127 OTBS OTBS128
0-1511320551

Exact Mass: 332.2019
Mol. Wt.: 332.5078

To a solution of bis-TBS ether 127 (180 mg, 0.40 mmol) in THF (7 mL) in a plastic 

vial, was added 6.3 mL of freshly prepared buffered pyridinium hydrofluoride (stock 

solution from Aldrich pyridinium hydrofluoride (1.75 mL, d=1.14), pyridine (4 mL) 

and THF (16 mL)). After 4 h, the reaction mixture was poured into 40 mL of saturated 

aqueous solution of NaHCO3 and extracted with (3 x 30 mL) of CH2C1 2 . The 

combined organic layers were dried over NaSO4 , filtered and concentrated under
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reduced pressure. Purification via FCC (base wash silica with \7c Et3N/petrol, 5% 

EtOAc/petrol to 10% Et3N/petrol), afforded mono-protected diol 128 (114 mg, 86%) 

as a yellow oil; R/ 0.21, (20% EtOAc/Petrol); [a] 2D° -67.9 (c. 1.12 in EtOH); vmax

(CHChVcm' 1 3435, 1738, 1464, 1374, 1253; 6H (400 MHz; CDC13 ) 4.38 (IH, tt, J 7.9 

and 6.0, CH2C//(O)), 4.16 (2H, q, J 7.1, CH3C//2O), 4.15-4.09 (IH, m, 

CH(OTBS)C//(O)), 3.71-3.66 (2H, m, C//2(OH), CH(OTBS)), 3.58 (IH, dd, J 12.5 

and 5.9, C//2(OH)), 2.59 (IH, dd, J 15.1 and 7.5, CH2C(=O)OEt), 2.47 (IH, dd, J 15.1 

and 6.0, CH2C(=O)OEt), 2.19-2.12 (IH, m, C//2CHCH(OTBS)), 2.10 (IH, bs, OH), 

2.03-1.95 (IH, m, C//2CHCH(OTBS)), 1.84-1.74 (IH, m, C//2CH2CHCH(OTBS)), 

1.64-1.56 (IH, m, C//2CH2CHCH(OTBS)), 1.28 (3H, t, J 7.1, C//5CH2 ), 0.91 (9H, s, 

(CH3 ) 3CSi), 0.091 (3H, s, CH3 Si), 0.087 (3H, s, CH3-Si); 6C (101 MHz; CDC1 3 ) 

171.2, 80.6, 75.7, 74.4, 64.3, 60.5, 40.8, 32.0, 27.5, 3 x 25.9, 18.2, 14.2, -4.6, -4.8; m/z 

(CI) 350 (MNH4+ , 100%), 333 (MH+, 44%), (Found: MH+, 333.2093. Ci6H32O5 Sii 

requires MH+, 333.2097; A 1.2 ppm).

{(2^,5/?)-5-[(5)-l-(^rr-ButyldimethyIsilanyloxy)-2-oxoethyl]-tetrahydrofuran-2- 

yl}-acetic acid ethyl ester 83

O 
EtO'

Exact Mass: 330.1863 
Mol.Wt.: 330.4919

According to the method of Schreiber;50 A mixture of CH2C12 (1.5 mL) and H2O (4.50 

uL, 0.250 mmol) was slowly added to a vigorously stirred solution of 128 (75.0 mg, 

0.226 mmol) and DMP (95.8 mg, 0.226 mmol) in dry CH2C12 (4 mL). The clear 

solution grew cloudy towards the end of wet CH2C12 addition, which required 5-15 

min. The mixture was taken up in ether (15 mL) and then washed with 10% Na2 S 2 O3/ 

aqueous NaHCO3 (sat.) (15 mL, 1:1), followed by H2 O (10 mL) and brine (10 mL). 

The aqueous washings were back-extracted with Et2 O (20 mL) and this organic layer 

was dried with Na2SO4 and concentrated under reduced pressure. The formation of 

the aldehyde 83 was verified from the data listed below but the product was
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transferred to the next step without further purification and full characterization due to 

observed instability on silica gel; R/ 0.56, (20% EtOAc/Petrol); vmax (CHCbVcm" 1 

1720, 1623, 1464, 1367, 1266; 5H (400 MHz; CDC1 3 ) 9.70 (IH, s, CH(=O)), 4.46-4.38 

(IH, m, CH(OTBS)), 4.37-4.29 (IH, m, CH2C//(O)), 4.13 (2H, q, J 6.8, CH3C//2O), 

3.97-3.91 (IH, m, OC//CH(OTBS)), 2.55 (IH, dd, J 15.3 and 6.8, C//2CH(O)), 2.46 

(IH, dd, J 15.3 and 6.5, C//2CH(O)), 2.20-2.06 (IH, m, C//2CHC(=O)), 2.05-1.90 

(IH, m, C//2CHC(=O)), 1.75-1.45 (2H, m, C//2CH2CHC(=O)), 1.25 (3H, t, J 6.8, 

C//3CH2 ), 0.90 (9H, s, (CH 3 )3CSi), 0.08 (6H, s, CH3 Si)); m/z (CI) 348 (MNH4+ , 

100%), 301 (22%), 174 (37%), 157 (42%), (Found: MNH4+ 348.2197. Ci6H30O5 Sii 

requires MNH4+ 348.2206; A 2.6 ppm).

(£,£)-Diethyl octa-2,6-dienedioate 8551

MnOz/ Wittig-PCC/ Wittig reaction

Ph 3 P=CHCO2 Et 
———— 102

103

Ph 3 P=CHCO2 Et 
=^ OB 102

129
O

EtCX s=! \= OEt

85

51According to the method of Graham; a mixture of diol 103 (10.8 g, 0.120 mol), 

Ph3P=CHCO2Et 102 (100 g, 0.288 mol) and MnO2 (209 g, 2.40 mol) in CH2C12 (700 

mL) was stirred for 48 hours at r.t. At this time the MnO2 was removed by filtration 

through a Celite® pad, which was then washed with additional CH2 C12 (2 x 100 mL). 

The solvent was then removed in vacuo to give an orange oil which was purified via 

FCC (petrol-20% Et2 OAc/petrol) to give dienoate 12951 (18.0 g, 95%) as a colorless 

oil; R/0.21 (20% EtO Ac/petrol); 6H (400 MHz; CDC13 ) 6.95 (IH, dt, J 15.6 and 6.3, 

C//=CHC(=O)OEt), 5.85 (IH, d, / 15.6, =C//C(=O)OEt), 4.15 (2H, q, J 7.1, 

C//2CH3 ), 3.60 (2H, t, J 7.0, C//2 (OH)), 2.55 (IH, bs, -OH), 2.25 (2H, dt, J 6.3, 1.3, 

CH2C=), 1.75-1.68 (2H, m, C//2CH2 (OH)), 1.28 (3H, t, J 7.1, CH3 ) [lit.,51 colourless 

oil; §H (400 MHz; CDC13 ) 6.95 (IH, dt, J 16.0 and 7.0, C//=CHC(=O)OEt), 5.85 (IH, 

dt, J 16.0 and 1.0, =C//C(=O)OEt), 4.15 (2H, q, J 7.0, CH3C//2 ), 3.60 (2H, t, J 7.0, 

C//2 (OH)), 2.55 (IH, bs, -OH), 2.25 (2H, dq, J 7.0, 1.0, CH2C=), 1.65 (2H, pent. J 

7.0, C//2 CH 2 (OH)), 1 .25 (3H, t, J 7.0, CH 3 )].
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A mixture of alcohol 129 (18.0 g, 0.114 mol) and pyridinium chlorochromate (49.1 g, 

0.228 mol) (ground with 2 weight equivalents of silica) was stirred for 4 h at r.t. in 

CH2C12 (1L). Imidazole (15.5 g, 0.228 mmol) was added and the reaction mixture 

stirred for a further 1 h. The addition of Ph3P=CHCO2 Et (95.3 g, 0.274 mol) was 

followed by 19 h of stirring. At this time the silica supported pyridinium 

chorochromate was removed by filtration through a celite pad which was then washed 

with additional CH2C12 (2 x 350 mL). The solvent was then removed in vacuo to give 

an orange / brown oil. Purification via FCC (10% EtOAc/ petrol) afforded dienoate 85 

(92:8, E,E:E,Z; 16.7 g, 65 %) as a colourless oil, with the same 'H-NMR data as the 

product from cross metathesis.

Tributyl-(3-methylbut-2-enyl)-phosphonium bromide 130a97

-Br ' ^— PBu Br 
251 130a

According to the method of Prestwich;97 the bromide 251 (425 mg, 2.85 mmol) was 

dissolved in 30 mL of CH3CN and Bu3P (1.73 g, 8.55 mmol) was added. The reaction 

mixture was stirred under nitrogen atmosphere at 0°C overnight. The solvent was 

evaporated under reduced pressure and purification via FCC (1% MeOH/ CHC1 3 ) 

afforded phosphonium bromide 130a (960 mg, 96%) as a colourless viscous oil. SH 

(400 MHz; CDC13 ) 4.92-4.78 (1H, m, C//=), 3.25 (2H, q, J 7.8, CH2P), 2.24-2.11 

(6H, m, C#3CH=), 1.58 (6H, d, J 4.2, CH2P), 1.44-1.24 (12H, m, CH 2 ), 0.80 (9H, t, J 

6.8, CH3 ) [lit.,97 colourless oil; 6H (200 MHz; CDC13 ) 4.99 (1H, m, C//=), 3.40 (2H, q, 

J 7.8, CH2P), 2.49-2.34 (6H, m, C//3CH=), 1.77 (6H, d, J 4.2, CH2P), 1.57-1.45 (12H, 

m, CH2 ), 0.95 (9H, t, J 6.8, CH 3 ).
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{(2/?,5/?)-5-[(£)-(/?)-l-(^r/-Butyldimethylsilanyloxy)-5-methylhexa-2,4-dienyl]- 

tetrahydrofuran-2-yl}-acetic acid ethyl ester 86a and {(2R,5R)-5-[(Z)-(R)-l-(tert- 

butyldimethylsilanyloxy)-5-methyl-hexa-2,4-dienyl]-tetrahydrofuran-2-yl}-acetic 
acid ethyl ester 86b

o
EtO

H H OTBS 

83

Exact Mass: 382.2539 
Mol. Wt.: 382.6095

According to the method of Kobayashi;54 A solution of n-BuLi (900 uL, 2.25 mmol, 

2.5 M in hexanes) was added to a solution of DMSO (1.3 mL) in dry toluene (45 mL) 

at room temperature and then the whole was stirred for 45 minutes. A solution of 

aldehyde 83 (300 mg, 0.900 mmol) and phosphonium bromide 130a (632 mg, 1.80 

mmol) in dry toluene (20 mL) was added to the solution of dimsyl-carbanion at -78°C, 

then the whole was stirred warming from -78°C to 0°C overnight. The reaction 

mixture was poured into saturated aqueous NtUCl (30 mL) and it was extracted with 

Et2O (2 x 50 mL). The Et2 O extract was washed with saturated aqueous NaCl (30 

mL), then dried over MgSO4. Removal of solvent from the combined Et2 O extracts 

under reduced pressure and purification via FCC (petrol-10% ether-petrol) afforded 

the 1,3-diene 86a,b (206 mg, 43% in two steps) as a yellow oil; 87:13 (E: Z

inseparable mixture of isomers); R/0.82, (20% EtO Ac/Petrol); [a] 2D5 -32.0 (c. 1.04 in

EtOH); vmax (CHClsVcm' 1 1739, 1659, 1463, 1430, 1379, 1254; 6H (400 MHz; CDC13 ) 

6.49 (lHmajor , dd, J 15.1 and 11.1, =C//CH=), 6.23 (lHminor, appt, J 11.3, =C//CH=), 

6.10 (lHminor, d, J 11.3, C//=C(CH3 ) 2 ), 5.85 (lHmajor , d, J 10.8, C//=C(CH3 )2 ), 5.56 

(lHmajor, dd, J 15.1 and 5.5, CH(OTBS)C//=), 5.30 (lHminor , appt, J 10.6, 

CH(OTBS)C//=), 4.38-4.28 (1H, m, CH2C//(O)), 4.23 (1H, t, J 5.5, C//(O)Si), 4.15 

(2H, q, J 7.1, C//2O), 4.00 (1H, dt, J 7.1 and 5.5, (O)C//CH), 2.61 (1H, dd, J 15.0 and 

7.1, C//2CHO), 2.43 (1H, dd, J 15.0 and 6.3, C//2CH(O)), 2.15-2.03 (1H. m, 

CH2C//2 ), 1.95-1.85 (1H, m, CH2C//2 ), 1.79 (3H, s, C//3CH=), 1.77 (3H, s, 

C//3CH=), 1.65-1.38 (2H, m, CH2C//2 ), 1.28 (3H, t, J 7.1, C//3 CH 2 K 0.91 (9H, s. 

(CH 3 ) 3 C), 0.07 (3H, s, CH 3 Si), 0.06 (3H, s, CH3 Si); 6C (101 MHz; CDCh) 171.3,
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137.0 (Z), 135.0 (£), 129.6 (£), 128.5 (Z), 127.5 (£), 125.7 (Z), 124.7 (£), 120.3 (Z), 

82.3, 75.7, 75.1, 60.4, 40.9, 31.9, 26.9, 26.0, 3 x 25.9, 2 x 18.2, 14.2, 2 x -4.7; m/z 

(CI) 400 (MNH4+, 16%), 251 (100%), 225 (20%), (Found: MNH4+, 400.2883. 

C2iH38O4Sii requires MNH4+, 400.2883; A 0.0 ppm).

^r^-Butyl-{(£:)-(/?)-l-[(2R,5R)-5-[l,3]dithian-2-ylmethyltetrahydrofuran-2.yl]- 
5-methylhexa-2,4-dienyloxy}-dimethylsilane 140a and ^r^-Buty!-{(Z 

[(2R,5R)-5-[l,3]dithian-2-ylmethyltetrahydrofuran-2-yl]-5-methylhexa-2,4- 
dienyloxyj-dimethylsilane 140b

o
EtO

OTBS
86

OTBS
139

fl°H 
140

OTBS

Exact Mass: 428.2239 
Mol. Wt.: 428.7673

To a solution of the starting material 86 (440 mg, 1.15 mmol) in dry THF (7 mL) at 

78°C, DIBAL-H (3.45 mL, 3.45 mmol, 1M in hexanes)) was added dropwise. After 1 

h, MeOH was carefully added to the reaction mixture at -78°C until it stopped 

foaming. The mixture was warmed up to r.t., diluted with Et2O (15 mL), washed with 

saturated NH4C1 solution (10 mL) and saturated NaHCOs solution (10 mL), dried 

over MgSO4, filtered and concentrated. The aldehyde 139 was used without further 

purification for the next reaction (R/ 0.23 (10% EtO Ac/Petrol); According to the 

method of Kim;98 to a suspension of MgBr2 .Et2O (403 mg, 1.56 mmol) and 1,3- 

propanedithiol (144 pL, 1.43 mmol) in anhydrous Et2O (7 mL) at r.t. was added a 

solution of the aldehyde 139 (440 mg, 1.30 mmol) in 3 mL of Et2 O. The resulting 

solution was stirred for 1 h then quenched with H2O and extracted with Et2O (2x10 

mL). The organic layers were combined, dried with MgSO4(s) and concentrated in 

vacua. FCC (Petrol-10% EtOAc/petrol) furnished the dithiane 140 87:13 (E\ Z 

inseparable mixture of isomers) (370 mg, 75 % from 86) as a yellow oil; R/ 0.52 (10 (7r 

EtO Ac/Petrol); [a] 2D5 -25.3 (c. 1.02 in EtOH); vmax (CHC^/cm' 1 1654, 1462, 1378, 

1264, 1063; 5 H (400 MHz; CDCh) 6.29 (1H, appt, J 14.3, CH=C7/CH=), 5.89-5.S4
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(1H, d, J 12.0, C//=CHCH=), 5.49-5.37 (1H, dd, J 15.0 and 9.6, CH=CH-C//=), 4.34- 

4.26 (1H, m, CH2 C7/(O)), 4.24-4.19 (1H, m, CH2C//(S)), 4.18-4.11 (1H, m, 

C//(OSi)), 4.10-4.00 (OC//CH(OSi)), 2.95-2.73 (4H, m, C//2 S), 2.70-2.55 (2H, m, 

C//2CH(S)), 2.14-1.94 (2H, m, C//2CH2 (S)), 1.92-1.34 (4H, m, 

(O)CHC//2C//2CH(O)), 1.80 (3H, s, CH3 ), 1.80 (3H, s, CH3 ), 0.94 (9H, s, Si(CH3 ) 3 ), 
0.12 (6H, s, (CH3 )Si); 5C (101 MHz; CDC1 3 ) 135.5 (C), 129.2 (CH), 128.0 (CH), 

124.4 (CH), 81.3 (CH), 80.5 (CH), 76.1 (CH), 44.4 (CH), 41.8 (CH2 ), 37.4 (CH 2 ), 
33.5 (CH2 ), 31.3 (CH2 ), 30.4 (CH2 ), 26.0 (CH3 ), 25.6 (3 x CH3 ), 23.9 (CH2 ), 20.8 

(CH3 ), 18.5 (C), -3.6 (2 x CH3 ); m/z (electrospray) 459 (21%), 419 (25%), 338 (48%), 

297 (M+, 100%), 235 (42%), (Found: M(-OTBS)+, 297.1374. Ci 6H25OiS 2 requires 

M(-OTBS)+, 297.1347; A 9.1 ppm).

56(Dibromomethyl)tributylstannane 146

CH2 Br2 ——*- Bu3SnCHBr2 
145 146

According to the method of Hodgson;56 "BuLi (24.0 mL, 0.060 mol, 2.5M in hexanes) 
was added dropwise to a stirred solution of'Pr2NH (10.0 mL, 0.071 mol) in THF (70 
mL) and Et2O (100 mL) at 0°C under N2 . After 15 minutes at 0°C the reaction mixture 
was cooled to -95°C and a solution of CH2Br2 145 (4.56 mL, 0.065 mol) in THF (50 
mL) was added dropwise such that the reaction temperature remained between -95°C 
and -90°C. After 15 minutes at -90°C a solution of Bu3SnCl (16.32 g, 0.050 mol) in 
THF (50 mL) was added dropwise such that the reaction temperature remained 
between -95°C to -90°C. On completion of the addition, the reaction was allowed to 
warm to -63°C and then quenched by the addition of saturated aqueous NH4C1 
solution. The cooling bath was removed and the mixture allowed to warm rapidly to 

room temperature before removal of most of the solvents by rotary evaporation under 
reduced pressure. The concentrate was diluted with water (100 mL) and light petrol

(R)(100 mL) and then filtered through Celite to remove small amounts of a fine white 

precipitate. The organic layer was separated and the aqueous layer extracted with 

additional petrol (2 x 100 mL). The combined organic layers were dried (MgSO4 ) and 
concentrated by rotary evaporation under reduced pressure.The product obtained left
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connected to a vaccum pump, to constant weight. Purification by FCC (petrol) gave 

the tin-reagent 146 (19.9 g, 86%) as a colourless oil; R/0.91 (Petrol); 5H (400 MHz; 

CDC1 3 ) 5.32 (1H, s, CHBr2 ), 1.67-1.57 (6H, m, CH2Sn), 1.42-1.32 (6H, m, 

CH2CH2Sn), 1.19-1.14 (6H, m, CH2CH2CH2 Sn), 0.95 (9H, t, J 7.3, CH3 ) [lit.,56 

colourless oil; 6H (250 MHz; CDC13 ) 5.31 (1H, s, CHBr2), 1.66-1.51 (6H, m, CH2Sn), 

1.34 (6H, sxt, J 7.3, CH2CH2Sn), 1.16-1.09 (6H, m, CH2CH2CH2Sn), 0.91 (9H, t, J 

7.3, CH3 )]

Trial to transform aldehyde 83 to tributyl vinylstannane 143a

EtO EtO

147 OTBS

Exact Mass: 330.1863 
Mol.Wt.: 330.4919

According to the method of Hodgson;56 dry, deoxygenated DMF (110 uL, 1.50 mmol) 

was added dropwise to a well stirred slurry of CrCl2 (184 mg, 1.50 mmol), in dry, 

deoxygenated THF (3 mL) under nitrogen at 25°C. After 15 min a mixture of 

aldehyde 83 (50 mg, 0.15 mmol) and /1Bu3SnCHBr2 146 (140 mg, 0.50 mmol) in dry, 

deoxygenated THF (2 mL) was added dropwise to the reaction mixture. The flask was 

covered with aluminium foil to exclude light and then anhydrous Lil (80.3 mg, 0.600 

mmol, 1M in dry, deoxygenated THF) was added dropwise. After 40h at 25°C, water 

was added and the mixture was extracted with petrol (5 mL). The combined organic 

layers were washed successively with water and brine, dried (MgSO.*) and evaporated 

under reduced pressure. Purification of the residue via FCC (petrol to 30% 

Et2O/petrol) afforded the open chain form of the starting material aldehyde 147 (45 

mg, 93%) instead of the expected product. The open form of the starting THF- 

aldehyde 83 is verified from the characteristic 1 H and 13C-NMR; R, 0.33 (30% 

Et2 O/Petrol); vmax (CHCl3 )/cm"' 3430, 2977, 1731, 1464, 1372; 6H (400 MHz; CDC1 3 ) 

9.12 (1H, s, CH(=0), 5.76 (1H, t, J 7.5, CH(OTBS)=C//), 4.16 (2H. q, J 7.2, 

C//2 OC(=O)), 4.08-3.96 (1H, m, C//(OH)), 3.18 (1H, bs, OH), 2.53-2.40 (4H, m, 

C//2C(=0)OEt, C//2 CH=), 1.73-1.53 (2H, m,C//2CH(OH)), 1.27 (3H, t, J 7.2,
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C//3CH2(0)C(=0)), 0.95 (9H, s, (CH3 ) 3 C), 0.17 (6H, s, CH3 Si); 5C (101 MHz; CDC13 ) 

189.0, 172.8, 151.6, 135.3, 67.4, 60.8, 41.2, 35.0, 3 x 25.8, 22.2, 18.6, 14.2, 2 x -4.1; 

ni/z (CI) 348 (MNH4+, 100%), (Found: MNH4+, 348.2196. Ci 6H34NiO5 Sii requires 

MNH4+, 348.2206; A 2.9 ppm).

{(2/?,5/?)-5-[(£)-(/?)-l-(^^-Butyl-dimethylsilanyloxy)-3-iodo-allyl]- 

tetrahydrofuran-2-yl}-acetic acid ethyl ester 143b

EtO

C 17 H31 IO4Si
Exact Mass: 454.1036

Mol. Wt.: 454.4156

According to the method of Takai;33 Anhydrous CrCl2 (890 mg, 7.23 mmol) was 
suspended in THF (15 mL) under nitrogen atmosphere. A solution of aldehyde 83 
(400 mg, 1.20 mmol) and iodoform (945 mg, 2.40 mmol) in THF (5 mL) was added 
dropwise to the suspension at 0°C. After stirring at 0°C for 3 h the reaction was 

poured into water (15 mL) and extracted with Et2 O (3 x 15 mL). The combined 
extracts were dried over Na2SO4 and concentrated. Purification via FCC afforded the 

vinyl iodide 143b (280 mg, 62%) as a yellow oil (99:1 E:Z); R, 0.57 (10%

Et20/Petrol); [a] 2D8 -5.20 (c. 0.77 in MeOH); vmax (CHCl3 )/crn ' 2953, 2928, 1737,

1608; 6H (400 MHz; CDC13 ) 6.60 (1H, dd, J 14.5 and 5.1, CH(I)=C//), 6.33 (1H, dd, J 

14.5 and 1.4, C//(I)=CH), 4.39-4.29 (1H, m, (O)C//CH(OSi)), 4.28-4.19 (1H, m, 
CH2C//(O)), 4.17 (2H, q, J 7.3, C//2C(=O)OEt), 4.00 (1H, ddd, J 14.2, 7.1 and 5.1, 
C//(OSi)), 2.59 (1H, dd, J 15.0 and 7.1, C//2CH(O)), 2.45 (1H, dd, J 15.0 and 7.3, 
C//2CH(O)), 2.15-2.05 (1H, m, CH2C//2 ), 2.03-1.90 (1H, m, CH2C//2 ), 1.83-1.67 

(1H, m, CH2C//2 ), 1.62-1.53 (1H, m, CH2C//2 ), 1.29 (3H, t, J 7.3, C//3CH2 ), 0.91 

(9H, s, (CH3 ) 3C), 0.09 (3H, s, CH3 Si), 0.08 (3H, s, CH3 Si); 6C (101 MHz; CDC1 3 ) 

171.2 (C), 145.3 (CH), 81.3 (CH), 77.4 (CH), 76.7 (CH), 76.0 (CH), 60.5 (CH 2 ). 40.7 
(CH2 ), 31.7 (CH2 ), 26.6 (CH 2 ), 25.8 (3 x CH3 ), 18.2 (C), 14.2 (CH 3 ), -4.8 (CH 3 ) , -4.9
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(CH3 ): m/z (CI) 472 (MNH4+, 100%), 346 (37%), 323 (78%), (Found: MNH4+ 

472.1388. Ci 7 H 31 O4SiiIi requires MNH4+ , 472.1380; A 1.7 ppm).

(E)-3-Bromo-2-methylprop-2-en-l-ol 15359

OH 
153

According to the method of Ley;59 in a three-neck round-bottom flask was dissolved 

Cp2ZrCl2 (3.92 g, 13.4 mmol) in dry CH2C12 (125 mL). After addition of 

trimethylaluminium (80.5 mL, 161 mmol, 2M in hexanes), prop-2-ynyl alcohol 152 

(3.00 g, 53.6 mmol) was added in CH2C1 2 (30 mL) at 0°C. The yellow solution was 

stirred for 20 h at r.t. and then cooled to -30°C. Bromine (4.10 mL, 80.0 mmol) was 

added in CH2C1 2 (10 mL). After the mixture had been stirred for 3 h its temperature 

was allowed to rise to 0°C and saturated aqueous K2CO3 (150 mL) was added, the 

internal temperature being maintained in the range 0-5°C. A mixture of MgSO4 and 

Na2SO4 (1:1) was then added and the reaction was stirred for 2 hours. The mixture 

was filtered through Celite® pad and the solvent evaporated. Purification via FCC (3% 

Et3N/ petrol base wash, 30% Et2O/petrol) afforded the bromide 153 (4.00 g, 50%) as a 

colourless oil; R/0.59 (50% Et2O/Petrol); 8H (400 MHz; CDC1 3 ) 6.23 (IH, q, J 1.3, 

BrC//=), 4.08 (2H, d, J 4.8, C//2C=), 1.82 (3H, d, J 0.8, CH3 ) [lit.,59 colourless oil; 6H 

(270 MHz; CDC1 3 ) 6.26 (IH, m, BrC//=), 4.09 (2H, m, C//2C=), 1.82 (3H, d, J 1.4, 

CH3 )]

(£)-3-Bromo-2-methylpropenaI150b59

OH Br-O 
153 150b

According to the method of Ley;59 anhydrous Af-methylmorpholine /V-oxide (4.63 g, 

39.6 mmol) and tetrapropylammonium perruthenate (943 mg, 2.64 mmol) were added 

to a stirred solution of the alcohol 153 (4.00 g, 26.4 mmol) in dry CH:C1 : (200 mL)
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over 4A MS (2 g). The mixture was stirred for 4 hours, washed with aqueous 

(2 x 70 mL), filtered through a Celite® pad, washed with water (2 x 70 mL) and brine 

(70 mL), dried over MgSO4, evaporated under reduced pressure and the residue was 

purified via FCC (3% Et3N/ Petrol base wash, 5 % Et2O/petrol) to afford the aldehyde 

150b (3.54 g, 90%) as a colourless oil; R/0.57 (10% Et2O/Petrol); 5H (400 MHz; 

CDC1 3 ) 9.49 (IH, s, CH(=O)), 7.43 (IH, q, J 1.5, BrC//=), 1.90 (3H, d, J 1.5, CH3 ) 

[lit.,59 colourless oil; 6H (270 MHz; CDC13 ) 9.49 (IH, s, CH(=O)), 7.43 (IH, q, J 1.5, 

BrC//=), 1.90 (3H, d, J 1.5, CH3 )]

2-Bromohex-l-ene 15160

Br

154 " 151

According to the method of Heck;60 iron fillings were dissolved in (60.0 mL, 48% 

aqueous soln.) hydrobromic acid. To this was added 1-hexyne 154 (28.7 mL, 0.250 

mmol) and the two-phase mixture was stirred under a reflux condenser at 50°C for 2 

days. The organic layer was then separated, washed with water (100 mL), dried over 

MgSCU and distilled to afford the vinyl bromide 151 (20.4g, 50%) as a pale yellow oil 

together with 2-hexanone (5.00 g, 20%); R/0.89 (Petrol); 5H (400 MHz; CDC1 3 ) 5.57 

(IH, d, J 1.2, =C//2 ), 5.40 (IH, d, J 1.2, =CH2 ), 2.45 (2H, t, J 7.2, CCH2 ), 1.61-1.53 

(2H, m, CH2C//2 ), 1.43-1.29 (2H, m, CH3C//2 ), 0.95 (3H, t, J 7.4, CH3 ); bp 135-136 

°C [lit.,60 bp 133-134 °C]

(5)-4-Methylene-1 -trimethylsilanyloct-1 -yn-3-ol 158

O

TMS

157 156 158

Exact Mass: 210.144 
Mol.Wt.: 210.388

According to the method of Carreira;63 a 100 mL flask was charged with Zn(OTf) 2 

(8.91 g, 24.5 mmol) and (-)-/V-Methylephedrine (4.80 g. 26.8 mmol) and purged with
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nitrogen for 15 minutes. To the flask was added toluene (60 mL) and triethylamine 

(3.7 mL, 26.8 mmol). The resulting mixture was stirred at 23°C for 2 h before the 

alkyne 157 (3.78 mL, 26.8 mmol) was added by syringe in one portion. After 15 

minutes of stirring the aldehyde 156 (2.61 mL, 22.3 mmol) was added in one portion 

by syringe. The reaction was quenched by the addition of sat. aqueous NH4C1 

solution. The reaction was poured into a separatory funnel containing Et2O (50 mL). 

The combined organic layers were washed with brine (50 mL), dried over anhydrous 

MgSO4 and concentrated in vacuo. Purification via FCC afforded the alcohol 158 

(3.28 g, 70%) as a colourless oil; R/0.26 (10% Et2O/Petrol); ee=99% (Chiral HPLC, 

chiralcel OD-H, 1% 'PrOH/Hexane, 1.2 mL/min, 254 nm a (4.61 min), b (4.91 min);

[a] 2D8 +18.0 (c. 1.11 in EtOH); vmax (CHCLO/cm' 1 3347, 3087, 2174, 1466, 1379,

1251; 6H (400 MHz; CDC1 3 ) 5.28 (1H, s, C=CH2 ), 4.95 (1H, s, C=CH2 ), 4.82 (1H, d, J 

6.2, C//(OH)), 2.20 (2H, t, J 7.5, C//2C=), 1.90 (1H, bs, OH), 1.56-1.46 (2H, m, 

C//2CH2CH=), 1.42-1.29 (2H, m, C//2CH3 ), 0.93 (3H, t, J 7.3, C//3 ), 0.19 (9H, s, 

(CH3 ) 3 Si); 6C (101 MHz; CDC13 ) 148.0, 111.3, 104.7, 90.8, 66.0, 31.5, 30.0, 22.5, 

14.0, 3 x 0.2; m/z (CI) 340 (30 %), 323 (72%), 228 (MH+, 15%), 210 (100%), (Found: 

MH+ 228.1788. Ci 2H25OiSii requires MH+ 228.1784; A 1.9 ppm).

4-Methylene-1 -trimethyIsilanyloct-1 -yn-3-ol rac-158

o
H IMS' 

157 156 rac-158
12 22 ^

Exact Mass: 210.144 
Mol.Wt.: 210.388

According to the method of Carreira;63 a 100 mL flask was charged with Zn(OTf)2 

(8.91 g, 24.5 mmol) and purged with nitrogen for 15 minutes. To the flask was added 

toluene (60 mL) and triethylamine (3.7 mL, 26.8 mmol). The resulting mixture was 

stirred at 23°C for 2 h before the alkyne 157 (3.78 mL, 26.8 mmol) was added by 

syringe in one portion. After 15 minutes of stirring the aldehyde 156 (2.61 mL, 22.3 

mmol) was added in one portion by syringe. The reaction was quenched by the 

addition of sat. aqueous NH4C1 solution. The reaction was poured into a separatory
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funnel containing Et2O (50 mL). The combined organic layers were washed with 

brine (50 mL), dried over anhydrous MgSO4 and concentrated in vacua. Purification 

via FCC afforded the alcohol rac-158 (3.28 g, 70%) as a colourless oil; R/0.26 (10% 

Et2O/Petrol); vmax (CHC^/cm' 1 3347, 3087, 2174, 1466, 1379, 1251; 5H (400 MHz; 

CDC1 3 ) 5.28 (1H, s, C=CH2 ), 4.95 (1H, s, C=CH2 ), 4.82 (1H, s, C//(OH)), 2.28-2.16 

(2H, m, C//2C=), 1.90 (1H, bs, OH), 1.56-1.46 (2H, m, C//2CH2CH=), 1.42-1.29 (2H. 

m, C//2CH3 ), 0.95 (3H, t, J 7.3, C//3 ), 0.92 (3H, t, J 6.8, C//3 ), 0.19 (9H, s, 

(CH 3 ) 3 Si); 6C (101 MHz; CDC13 ) 148.0, 111.3, 104.7, 90.8, 66.0, 31.5, 30.0, 22.5, 

14.0, 3 x 0.2; m/z (CI) 340 (30 %), 323 (72%), 228 (MH+, 15%), 210 (100%), (Found; 

MH+, 228.1788. Ci 2H25OiSii requires MH+ 228.1784; A 1.9 ppm).

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid (5)-2-methylene-l- 

trimethylsilanylethynylhexyl ester 159a

O-MTPA(S)

158 159a

^22""29' 3^3^'
Exact Mass: 426.1838 

Mol. Wt.: 426.5446

To a CH2C12 (1 mL) solution of alcohol 158 (42.0 mg, 0.200 mmol) was added 

DMAP (1.00 mg, 0.008 mmol), Et3N (101 uL, 1.00 mmol) and (fl)-MTPACl (50.0 

mg, 0.200 mmol) at r.t. and stirring was continued overnight. After addition of N,N- 

dimethyl-l,3-propanediamine and evaporation of the solvent, the residue was passed 

through silica gel column (5% Et2O/Petrol) to afford the (S)-MTPA ester 159a (51.7

mg, 65%) as a colourless oil; R/0.79 (10% Et2O/Petrol); [a] 3D° +20.1 (c. 2.88 in

MeOH); vmax (CHCl^/crrf 1 2960, 2254, 1752, 1453, 1251, 1172; 6H (400 MHz; 

CDC13 ) 7.62-7.57 (2H, m, C(CF3)(OMe)CC//), 7.44-7.38 (3H, m, 

C(CF3 )(OMe)CCHC//, C(CF3)(OMe)CCHCHC/f), 6.09 (1H, s, C//(O)C(=O)), 5.37 

(1H, s, =CH2 ), 5.06 (1H, s, =CH2 ), 3.64 (3H, s, CH 3 O), 2.11-1.90 (2H, m. CH 2 C=). 

1.45-1.37 (2H, m, C//:CH2C=), 1.34-1.21 (2H, m, C//2 CH2CH 2 -C=), 0.88 (3H, t, J 

7.3, CH 3 ), 0.22 (9H, s, (CH 3 hSi); 5C (101 MHz; CDC1 3 ) 165.5, 143.0, 132.3, 2 \ 

129.6, 2 x 128.3, 127.3, 1 15.2, 99.5, 93.5, 84.5, 68.6, 55.5, 31.4, 29.5, 22.3, 13.9, 3 x -
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0.4; m/z (CI) 444 (MNH4+ , 68%), 427 (MH+, 4%), 210 (100%), (Found: MNH4+, 

444.2202. C22H29O3SiiF3 requires MNH4+, 444.2182; A 4.5 ppm).

3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid (/?)-2-methylene-l- 
trimethylsilanylethynylhexyl ester 159b

O-MTPA(fl)

158

C>22''29' 3^3^'
Exact Mass: 426.1838 

Mol. Wt.: 426.5446

To a CH2C12 (1 mL) solution of the alcohol 158 (42.0 mg, 0.200 mmol) was added 

DMAP (1.00 mg, 0.008 mmol), Et3 N (101 uL, 1.00 mmol) and (S)-MTPACl (50.0 

mg, 0.200 mmol) at r.t. and stirring was continued overnight. After addition of N,N- 

dimethyl-l,3-propanediamine and evaporation of the solvent, the residue was passed 

through silica gel column (5% Et2O/Petrol) to afford the (fl)-MTPA ester 159b (52.0

mg, 65%) as a colourless oil; R/ 0.80 (10% Et2O/Petrol); [a] 3̂  +25.5 (c. 2.70 in

MeOH); vmax (CHCl3)/cirf' 2960, 2254, 1752, 1453, 1251, 1172; 6H (400 MHz; 

CDC13 ) 7.62-7.57 (2H, m, C(CF3 )(OMe)CC//), 7.44-7.38 (3H, m, 

C(CF3)(OMe)CCHC//, C(CF3 )(OMe)CCHCHC//), 6.03 (1H, s, C//(O)C(=O)), 5.41 

(1H, s, =CH2 ), 5.11 (1H, s, =CH2), 3.57 (3H, s, CH3 O), 2.26-2.08 (2H, m, CH2C=), 

1.53-1.44 (2H, m, C//2CH2C=), 1.40-1.27 (2H, m, C//2CH2-CH2C=), 0.92 (3H, t, J 

7.3, CH3 ), 0.19 (9H, s, (CH3 )3 Si; 5C (101 MHz; CDC13 ) 165.5, 143.2, 132.0, 2 x 129.6, 

2 x 128.3, 127.6, 115.4, 99.3, 93.2, 84.9, 69.2, 55.5, 31.6, 29.7, 22.3, 13.9, 3 x -0.4; 

m/z (CI) 444 (MNH4+, 68%), 427 (MH+, 4%), 210 (100%), (Found: MNH4+, 

444.2202. C22H29O3SiiF3 requires MNH4+ 444.2182; A 4.5 ppm).
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[(5)-3-(4-Methoxybenzyloxy)-4-methyleneoct-l-ynyl]-trimethylsilane 160

OPMB

IMS'

158 160

Exact Mass: 330.2015 
Mol. Wt.: 330.5365

Tetra-/?-butylammonium hydrogen sulfate (41.0 mg, 0.112 mmol) was added to a 

solution of 4-methoxybenzyl alcohol (5.16 g, 37.4 mmol) in CH2C12 (36 mL) and 

aqueous potassium carbonate (36.0 mL, 50% w/v) and the resulting mixture was 

stirred in an ice/water bath for 10 minutes. Trichloroacetonitrile was added dropwise 

over 10 minutes and the mixture stirred at 0°C for 30 minutes, then r.t. for 30 minutes. 

The organic layer was separated and the aqueous layer extracted with CH2C12 (2 x 40 

mL). The organic extracts were combined, dried (MgSO4) and concentrated in vacuo 

to yield 4-methoxybenzyltrichloroacetimidate as a yellow oil. The alcohol 158 (2.40 

g, 11.4 mmol) was added to a solution of PPTS (143 mg, 0.572 mmol) and 4- 

methoxybenzyltrichloroacetimidate (3.23 g, 11.4 mmol) in dry CH2C1 2 (12 mL) at r.t. 

under nitrogen. The mixture was stirred at r.t. overnight and was then diluted with 

hexane (30 mL) and the precipitate removed by filtration. The filtrate was washed 

with sat. NaHCO3 (10 mL), water (10 mL) and brine (10 mL), dried (MgSO4) and 

concentrated in vacuo. Purification via FCC (Petrol to 5% Et2O/ Petrol) gave the

PMB-ether 160 (2.33 g, 62%) as a yellow oil; R, 0.69 (10% Et2O/Petrol); [a] 3D2 -58.0

(c. 0.88 in MeOH); vmax (CHCl3 )/cirf' 2958, 2171, 1650, 1586, 1514, 1465, 1250; 5H 

(400 MHz; CDC13 ) 7.35-7.29 (2H, m, (O)CH2CC//), 6.95-6.86 (2H, m, CH3OCC//), 

5.32 (1H, s, =CH2 ), 5.03 (1H, s, =CH2 ), 4.60 (1H, d, J 11.1, OCH2 ), 4.58 (1H, s, 

CH(O)), 4.51 (1H, d, J 11.4, OCH2 ), 3.84 (3H, s, CH3 O), 2.28-2.12 (2H, m, CH2C=), 

1.53-1.44 (2H, m, C//2CH2C=), 1.41-1.30 (2H, m, C//2CH2CH2C=), 0.93 (3H, t, J 7.2, 

CH3 ), 0.23 (9H, s, (CH3 ) 3 Si); 6C (101 MHz; CDC13 ) 158.9, 145.6, 129.6, 2 x 129.4, 2 x 

113.4, 112.9, 102.6, 91.6, 71.5, 69.0, 54.9, 31.2, 29.6, 22.2, 13.7, 3 x -0.4; //;/; (CI) 

460 (18%), 348 (MNH4+ , 78%), 331 (MH+, 27%), 121 (100%), (Found: MNH4+, 

348.2359. C2oH3()C>2Sii requires MNH4 +, 348.2359; A 0.0 ppm).
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l-[(S)-l-Ethynyl-2-methylenehexyloxymethyl]-4-methoxybenzene 161

OPMB OPMB

IMS
160

Exact Mass: 258.162 
Mol. Wt.: 258.3554

To a solution of the PMB-ether 160 (350 mg, 1.06 mmol) in MeOH (3 mL) was added 

K2CO3 (22.0 mg, 0.159 mmol). After 1 hour stirring at r.t., H2O (3 mL) was added and 

the resulting mixture was extracted with Et2 O (2 x 10 mL). The combined organic 

layers were washed with brine (10 mL), dried (MgSO4) and concentrated in vacua. 

The crude product was purified via FCC to give the alkyne (246 mg, 90%) as a

colourless oil; R/ 0.55 (10% Et2O/Petrol); [a] 3̂  -20.1 (c. 2.88 in MeOH); vmax

(CHCl3)/cm' 1 3302, 2306, 1613, 1514, 1465, 1265; 5H (400 MHz; CDC13 ) 7.33-7.26 

(2H, m OCH2CC//), 6.94-6.87 (2H, m, CH3OCC//), 5.34 (IH, s, =C//2 ), 5.05 (IH, s, 

=C//2 ), 4.61 (IH, d, J 11.5, OC//2), 4.59 (IH, s, CH(O)), 4.52 (IH, d, J 11.4, OC//2 ), 

3.83 (3H, s, CH3 O), 2.58 (IH, d, J 2.3, HC=), 2.24-2.16 (2H, m, CH2C=), 1.53-1.42 

(2H, m, C//2CH2C=), 1.41-1.31 (2H, m, C//2CH2CH2C=), 0.93 (3H, t, J 7.3, CH3 ); 5C 

(101 MHz; CDC1 3 ) 159.3 (C), 157.9 (C), 145.8 (C), 129.7 (2 x CH), 113.8 (2 x CH), 

113.2 (CH2), 81.2 (CH), 71.2 (CH), 69.4 (CH2 ), 55.3 (CH3 ), 31.4 (CH2 ), 29.8 (CH2 ), 

22.5 (CH2 ), 14.0 (CH3 ); m/z (CI) 396 (23%), 276 (MNH4+, 35%), 138 (64%), 121 

(100%), (Found: MNH4+ 276.1972. Ci 7H26O2 requires MNH4+ 276.1964; A 3.1 

ppm).
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Trial carboalumination of 161

OPMB

According to the method of Negishi;65 To a solution containing Cp2ZrCl2 (17.0 mg, 

0.058 mmol) and AlMe3 (58.0 uL, 0.116 mmol, 2M in hexanes) in dry 1,2- 

dichloroethane (1 mL) stirred for 20 minutes and cooled at 0°C under nitrogen was 

added dropwise a solution of alkyne 161 (15.0 mg, 0.058 mmol) in 1,2-dichloroethane 

(1 mL). The reaction mixture was allowed to warm to r.t. and stirred under nitrogen 

for 18 h. The reaction mixture was then cooled to 0°C and a solution containing iodine 

(15.0 mg, 0.060 mmol) in THF (1 mL) was added dropwise. The reaction mixture was 

stirred at r.t. for 15 minutes then quenched with NaHCO3 , extracted with Et2O (2 x 15 

mL) and dried over Na2SO4 . FCC purification (10-20 % Et2O/Petrol) afforded the 

PMB-deprotected starting material 155 (8.0 mg, 85%) instead of the vinyl iodide as a 

colorless oil as indicated by 'H-NMR analysis; R/ 0.30 (20% Et2O/Petrol); 'H-NMR 

(400 MHz; CDC13 ) 5.32 (1H, s, =CH2 ), 4.99 (1H, s, =CH2 ), 4.85 (1H, d, J 5.6, 

C//(OH)), 2.57 (1H, d, J 2.3, HC=), 2.23 (2H, t, J 7.6, =CCH2 ), 1.55-1.45 (1H, m, 

C//2CH2C=), 1.43-1.23 (3H, m, C//2CH2C=, C//2CH2CH2 C=), 0.95 (3H, t, J 7.3, 

CH3 )

[(E)-4-Iodo-3-methylbut-3-enyI] -benzene 16699

165 166

Exact Mass: 272.01 
Mol.Wt.: 272.13

According to the method of Negishi;65 To a solution containing Cp2ZrCl 2 (585 mg, 

2.00 mmol) and AlMe3 (2.00 mL, 4.00 mmol, 2M in hexanes) in dry 1,2- 

dichloroethane (10 mL) stirred for 20 minutes and cooled at 0°C under nitrogen was

125



added dropwise a solution of alkyne 165 (260 mg, 2.00 mmol) in 1,2-dichloroethane 

(5 mL). The reaction mixture was allowed to warm to r.t. and stirred under nitrogen 

for 18 h. The reaction mixture was then cooled to 0°C and a solution containing iodine 

(761 mg, 3.00 mmol) in THF (2 mL) was added dropwise. The reaction mixture was 

stirred at r.t. for 15 minutes then quenched with NaHCO3 , extracted with Et2 O (2x15 

mL) and dried over Na2SO4 . FCC purification (Petrol to 5 % Et2O/ Petrol) afforded 

the vinyl iodide 166 (381 mg, 70%) as a colorless oil; R/ 0.68 (Petrol); vmax 

(CHChVcirf 1 3054, 1643, 1454, 1265; 'H-NMR (400 MHz; CDC13 ): 7.38-7.14 (5H, 

m, ArH), 5.93 (1H, s, =CH(I)), 2.80-2.76 (2H, m, CH2Ph), 2.55-2.51 (2H, m, 

C//2CH2Ph), 1.93 (3H, s, CH3 ); 6C (101 MHz; CDC13 ) 147.3, 141.3, 128.5, 128.4, 

126.4, 126.1, 126.0, 75.6, 41.5, 34.4, 24.2. [lit.,"colourless oil; 5H (500 MHz; CDC13 ) 

7.30-7.26 (2H, m, ArH), 7.22-7.13 (3H, m, ArH), 5.89 (1H, q, =CH(I)), 2.72 (2H, t, J 

7.7, CH2Ph), 2.49 (2H, t, J 7.6, C//2CH2Ph), 1.93 (3H, d, J 1.0, CH3 )]

l-{[(5)-4-Methylene-l-(trimethylsilyl)oct-l-yn-3-yloxy](^rr- 

butyl)(phenyl)silyl}benzene 167

OTBDPS

IMS'

158 167

Exact Mass: 448.2618 
Mol. Wt.: 448.7876

The alcohol 158 (50.0 mg, 0.362 mmol) was dissolved in dry DMF (0.5 mL). 

TBDPSC1 (104 uL, 0.400 mmol) and imidazole (27.2 mg, 0.400 mmol) were added 

and the reaction mixture was stirred vigorously overnight followed by addition of 

H2 O (2 mL), extraction with CH2C12 (2x3 mL) and it was dried with Na2SO4 . 

Purification via FCC afforded the TBDPS-ether 167 (150 mg, 93%) as a yellow oil; R/

0.95 (10% Et2O/Petrol); [a] 2D3 -9.10 (c. 3.40 in EtOH); vmax (CHCl 3 )/cm" 1 2173, 1650,

1471, 1428, 1250; 5H (400 MHz; CDC13 ) 7.84 (1H, d, J 1.4, SiCCHAr), 7.82 (1H, d, J 

1.5, SiCCH Ar), 7.73 (1H, d, J 1.3, SiCCHAr), 7.72 (1H, d, J 1.4, SiCCHAr ), 7.49-7.36 

(6H, m, SiCCHC//Ar ), 5.21 (1H, s, =CH2 ), 4.91 (1H, s, =CH 2 ), 4.79 (1H, s, CH(O)), 

2.22 (2H, t, J 7.1, CH2C=), 1.50-1.42 (2H, m, C//2CH 2 C=), 140-1.29 (2H, m,
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C//2CH2CH2C=), 1.13 (9H, s, (CH3 ) 3 C), 0.92 (3H, t, J 7.3, CH3 ), 0.11 (9H, s. 

(CH3 ) 3 Si); 5C (101 MHz; CDCh) 148.3 (C), 136.3 (CH), 136.2 (CH), 136.1 (CH), 

135.9 (CH), 133.6 (C), 133.4 (C), 129.7 (CH), 129.6 (CH), 127.5 (CH), 127.4 (CH), 

127.1 (2 x CH), 110.5 (CH2 ), 105.5 (C), 89.9 (C), 67.4 (CH), 31.2 (CH2 ), 30.0 (CH2 ), 

27.0 (3 x CH3 ), 22.3 (CH2), 15.3 (C), 14.0 (CH3 ), -0.30 (3 x CH3 ); m/z (CI) 561 

(62%), 466 (MNH4+, 65%), 449 (MH+, 100%), 391 (61%), 210 (88%), (Found: 

MNH4+, 466.2971. C2 8H40OiSi2 requires MNH4+, 466.2961; A 2.0 ppm).

ter^Butyl-[(S)4-ethynyl-2-methylenehexyIoxy]-diphenylsilane 168

OTBDPS

IMS
167

Exact Mass: 376.2222 
Mol. Wt.: 376.6065

To a solution of the TBDPS-ether 167 (500 mg, 1.12 mmol) in MeOH (3 mL) was 
added K2CO3 (23.2 mg, 0.168 mmol). After 4 h of stirring at r.t., H2O (3 mL) was 
added and the resulting mixture was extracted with Et2O (2x5 mL). The combined 
organic layers were washed with brine, dried (MgSO4) and concentrated in vacuo. 

The crude product was purified via FCC to give the alkyne 168 (354 mg, 84%) as a

colourless oil; R/ 0.85 (10% Et2O/Petrol); [a] 2D3 -9.3 (c. 2.25 in EtOH); vmax

(CHCbVcm' 1 3054, 2305, 1667, 1465, 1428, 1265; 6H (400 MHz; CDC13 ) 7.80 (2H, 
d, J 7.6, SiCCHAr), 7.69 (2H, d, J 7.7, SiCCH^), 7.49-7.34 (6H, m, SiCCHC//^), 
5.15 (1H, s, =CH2), 4.88 (1H, s, =CH2 ), 4.77 (1H, s, CH(O)), 2.38 (1H, s, HC=), 2.27- 
2.10 (2H, m, CH2C=), 1.47-1.38 (2H, m, C//2CH2C=), 1.36-1.24 (2H, m, 

C//2CH2CH2C=), 1.12 (9H, s, (CH3 )3C), 0.90 (3H, t, J 7.2, CH3 ); 8C (101 MHz; 
CDC1 3 ) 148.2, 2 x 136.1, 2 x 135.9, 133.3, 133.2, 2 x 129.8, 2 x 127.5, 2 x 127.4, 
110.6, 83.9, 73.1, 66.9, 30.9, 29.8, 3 x 26.9, 22.5, 19.4, 14.0; m/z (CI) 561 (24%), 394 

(MNH4+, 5%), 377 (MH+, 2%), 195 (100%), (Found: MH+ 377.2303. C 25H 33OiSii 

requires MH+, 377.2301; A 0.6 ppm).
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^r^-Butyl-[(/?)-l-isopropenyl-2-methylenehexyIoxy]-diphenylsilane 169

OTBDPS OTBDPS

168 169

Exact Mass: 392.2535 
Mol. Wt.: 392.6489

According to the method of Negishi;65 A solution containing Cp2ZrCl2 (58.2 mg, 

0.199 mmol) and AlMe3 (200 pL, 0.398 mmol, 2M in hexanes) in 1,2-dichloroethane 

(0.7 mL), was stirred at r.t. for 20 minutes. It was then cooled to 0°C under argon and 

a solution of the alkyne 168 (75.0 mg, 0.199 mmol) in 1,2-dichloroethane (0.7 mL) 

was added dropwise. The reaction mixture was allowed to warm at r.t. and stirred 

under argon for 18 h. The reaction mixture was then cooled to -30°C in a dry ice bath 

and a solution containing iodine (100 mg, 0.398 mmol) in THF (0.7 mL) was added 

dropwise. The reaction mixture was stirred at this temperature for 15 minutes and then 

was warmed to 0°C and cautiously quenched with ice-cold saturated aqueous 

NaHCO3 , diluted with Et2O (5 mL) and filtered through Celite®. The filtrate was 

washed with brine (5 mL), dried (MgSO.*) and concentrated under reduced pressure. 

The residue was purified by FCC (base wash 1% Et3 N/ Petrol, petrol) to afford the 

alkene 169 (76.5 mg, 50%) as a yellow oil together with recovered starting alkyne 168

(15.0 mg, 20%) as colourless oil; R/0.80 (hexane); [a] 2D3 -1.4 (c. 1.37 in EtOH); vmax

(CHChVcm' 1 3055, 1424, 1403, 1266; 5H (400 MHz; CDC13 ) 7.69-7.65 (4H, m, 

SiCCHAr), 7.44-7.39 (2H, m, SiCCHCHC//Ar), 7.37-7.32 (4H, m, SiCCHC//Ar), 5.12 

(1H, s, =CH2 ), 4.83 (2H, s, (CH3)C=C//2), 4.76 (1H, s, =CH2 ), 4.47 (1H, s, CH(O)), 

1.97-1.85 (1H, m, CH2C=), 1.81-1.74 (1H, m, CH2C=), 1.60 (3H, s, CH3C=), 1.33- 

1.18 (4H, m, C//2CH2C=, C//2CH2CH2C=), 1.10 (9H, s, (CH3 ) 3C), 0.86 (3H, t, J 7.0, 

C//3 ); 5C (101 MHz; CDC13 ) 148.9, 145.0, 4 x 135.9, 134.0, 2 x 129.5, 4 x 127.3, 

112.0, 110.0, 80.4, 76.7, 30.6, 29.8, 3 x 27.0, 22.5, 19.5, 17.1, 14.0; m/z (CI) 561 

(22%), 410 (MNH4+ , 25%), 393 (MH+, 73%), 274 (62%), (Found: MH+, 393.2617. 

Sii requires MH+ 393.2614; A 0.8 ppm).
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(E)-3-Bromo-2-methylacryloyl chloride 17167a

O

172

0 °

173 174

O

171
C4H4BrCIO

Exact Mass: 181.9134
Mol. Wt.: 183.431

According to the method of Shea;67b A solution of methacrylic acid 172 (25.0 mL, 

0.290 mmol) in CHC1 3 (100 mL) was cooled to 0°C. Bromine (45.8 mL, 0.290 mmol) 

in CHC1 3 (50 mL) was added dropwise via addition funnel over 1 h while the solution 

was irradiated with a tungsten lamp. After complete addition of bromine the reaction 

mixture was stirred at r.t. for an additional 1 h. The reaction mixture was then 

quenched with sat. sodium thiosulfate. The organic layer was extracted with water 

(100 mL), dried over MgSC>4 and concentrated in vacuo. The colorless oil was taken 

directly into the next step without further purification. According to the method of 

Shea;69a a solution of dibromoacid 173 (0.290 mmol) and NaOH (27.9 g, 1.16 mmol) 

in water (200 mL) was stirred at r.t. overnight. The reaction mixture was then 

acidified with 5M HC1 and the aqueous phase was extracted with Et2O (2 x 150 mL). 

The combined organic phases were dried over MgSO4 and concentrated in vacuo to 

afford the bromoacid as a white solid. The bromoacid 174 was taken into the next step 

without purification 6H (400 MHz; CDC13 ) 12.3 (1H, bs, COOH), 7.7 (1H, s, =CH), 

2.0 (3H, s, CH3 ) [lit.69a, white solid; 6H (500 MHz; CDC1 3 ) 12.0 (1H, bs, COOH), 7.7 

(1H, s, =CH), 2.0 (3H, s, CH3 )]. According to the method of Coates;69b a mixture of 

bromoacid 174 (0.290 mmol), hexane (70 mL), thionyl chloride (42.1 mL, 0.580 

mmol) and DMF (1 mL) was heated under reflux for 1 h. The resultant yellow 

solution was cooled to r.t. and filtered. Concentration of the solution under reduced 

pressure afforded the acid chloride 171 (41.7 g, 79% over three steps) as a yellow oil. 

The product 171 was used without further purification to the next step due to partial 

decomposition during purification via distillation; 6H (400 MHz; CDC1 3 ) 7.70 (1H, q, 

J 1.2, BrCH), 1.98 (3H, d, J 1.2, CH3C) [lit., 67a pale yellow oil; b.p. 68-70°C/ 18-20 

torr.]
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2-Methylene-l-phenylhexan-l-one 180 100

Cl +

179

Br

151 180
C-|3rl-|gO

Exact Mass: 188.1201 
Mol. Wt.: 188.2655

A solution of vinyl bromide 151 (500 mg, 3.07 mmol) in dry and degassed Et2 O (30 

mL) was cooled to -78°C and lBuLi (3.60 mL, 6.14 mmol, 1.7 M in pentane) was 

added dropwise over 20 minutes. The solution was stirred at this temperature over 

argon for 45 minutes more and dry Cul (585 mg, 3.07 mmol) was added in one 

portion. The reaction temperature was allowed to rise to -30°C and the acid chloride 

179 (360 uL, 3.07 mmol) was added in one portion. The reaction mixture was stirred 

at this temperature for 3 h and then quenched with aqueous saturated solution of 

NH4C1 (10 mL). It was extracted with Et2 O (2 x 30 mL), dried over MgSO4 and 

concentrated under reduced pressure. Purification via FCC (petrol to 5% Et2O/ Petrol) 

afforded the a,p-unsaturated ketone 180 (173 mg, 30%) as a colourless oil; R/ 0.42 

(10% Et2O/Petrol); 6H (400 MHz; CDC13 ) 7.97-7.40 (5H, m, ArH), 5.80 (1H, s, 

CH2=), 5.56 (1H, s, CH 2 =), 2.46 (2H, t, J 7.5, CH2=CC//2 ), 1.44-1.32 (4H, m, 

CH2=CCH2(C//2 ) 2 ), 0.92 (3H, t, J 7.3, CH3 ) [lit. 100 ; 5H (250 MHz; CDC13 ) 7.8 (2H, d, 

J 6.9, ArH), 7.5 (1H, m, ArH), 7.4 (2H, m, ArH), 5.8 (1H, s, CH2=), 5.6 (1H, s, 

CH2=), 2.5 (2H, t, J 7.3, CH2=CC//2 ), 1.5-1.3 (4H, m, CH2=CCH2(C//2 ) 2 ), 0.9 (3H, t, 

76.9, CH3).
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(l£,4Z)-l-Bromo-5-hydroxy-2-methylnona-l,4-dien-3-one 176

O
+ Br

171 151 176

Exact Mass: 246.0255 
Mol. Wt.: 247.1289

A solution of 2-bromohex-l-ene 151 (443 mg, 2.72 mmol) in dry Et2 O (20 mL) was 

cooled to -78°C and lBuLi (3.20 mL, 5.45 mmol, 1.7 M in hexane) was added 

dropwise over 20 minutes and the reaction mixture was stirred at this temperature 

under argon for 1 h. The lithiated product was added via cannula to a dispersion of 

dry Cul (518 mg, 2.72 mmol) in dry Et2 O (20 mL) at -60°C and the reaction was 

stirred allowing the temperature to rise at -30°C. The acid chloride 171 (500 mg, 2.72 

mmol) was then added in one portion and the reaction mixture was stirred at this 

temperature for 3 h and then quenched with aqueous saturated solution of NHiCl. It 

was extracted with Et2O (2 x 30 mL), dried over MgSC>4 and concentrated under 

reduced pressure. Purification via FCC (petrol) afforded the product 176 (200 mg, 

30%) as a colourless oil; R/0.56 (10% Et2O/Petrol); vmax (CHCl^/cirf 1 3411, 1718, 

1611, 1425, 1307, 1216; 5H (400 MHz; CDC13 ) 7.40 (1H, q, J 1.2, BrCH=), 7.28 (1H, 

s, CHC(=O)) 2.40 (2H, t, J 7.4, CH2C=), 2.00 (3H, d, J 1.2, CH3C=), 1.67-1.58 (2H, 

m, =CCH2C#2 ), 1.43-1.33 (2H, m, CH3C//2 ), 0.95 (3H, J 7.3, CH2C//3 ); 6C (101 

MHz; CDC13 ) 199.0 (C), 179.7 (C), 137.4 (C), 119.1 (CH), 96.7 (CH), 39.6 (CH2 ), 

27.7 (CH2 ), 22.4 (CH2), 15.3 (CH3), 13.8 (CH3) ; m/z (CI) 266 (M(Br81 )NH4+, 100%), 

264 (M(Br79)NH4+ , 95%), 249 (M(Br81 )H+, 32%), 247 (M(Br79)H+, 30%), 186 (53%), 

(Found: M(Br81 )H+ 247.0340. Ci 0Hi 5 O2Br 1 requires M(Br81 )H+ 247.0334; A 2.6 

ppm); (Found: M(Br79 )H+ 249.0319. CioHisC^Bn requires M(Br79)H+ 249.0313; A 

2.3 ppm).
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(J^)-l"Bromo-2-methyl-4-methyleneoct-l-en-3-one 170

O

171 151 170
C 10 H 15 BrO

Exact Mass: 230.0306 
Mol. Wt.: 231.1295

A solution of 2-bromohex-l-ene 151 (500 mg, 2.72 mmol) in dry and degassed Et2O 

(30 mL) was cooled to -78°C and !BuLi (3.20 mL, 5.45 mmol, 1.7 M in hexanes) was 

added dropwise over 20 minutes. The solution was stirred at this temperature under 

argon for 45 minutes more and dry Cul (518 mg, 2.72 mmol) was added in one 

portion. The reaction temperature was allowed to rise to -30°C and the acid chloride 

171 (443 mg, 2.72 mmol) was added in one portion. The reaction mixture was stirred 

at this temperature for 3 h and then quenched with aqueous saturated solution of 

NH4C1. It was extracted with Et2 O (2 x 30 mL), dried over MgSO4 and concentrated 

under reduced pressure. Purification via FCC (petrol) afforded the a,p-unsaturated 

ketone 170 as a colourless oil; R/ 0.93 (10% Et2O/Petrol); vmax (CHCl3 )/cm~' 3054, 

1730, 1709, 1663, 1459, 1266; 6H (400 MHz; CDC1 3 ) 7.20 (IH, q, J 1.2, BrCH=), 

5.66 (IH, q, J 1.2, CH2=), 5.56 (IH, s, CH2=), 2.36 (2H, t, /7.7, =CCH2 ), 2.04 (3H, d, 

J 1.2, CH3C), 1.45-1.26 (4H, m, CCH2C//2 , CCH2CH2C//2 ), 0.92 (3H, t, J 7.1, 

C//5CH2 ); 6C (101 MHz, CDC13 ) 196.2 (C), 148.5 (C), 142.5 (C), 123.7 (CH2 ), 123.2 

(CH), 32.2 (CH2 ), 30.2 (CH2 ), 22.4 (CH2), 16.1 (CH3 ), 13.9 (CH3 ); m/z (CI) 235 

(95%), 251 (100%), 152 (26%), 135 (72%), 215 (M(Br79)+ , 52%), 217(M(Br81 )+ , 

52%).
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(£>l-Bromo-2-methyl-4-methyleneoct-l-en-3-ol rac-144b

170 rac-144b

C 10 H 17BrO
Exact Mass: 232.0463 

Mol. Wt.: 233.1454

The a,p-unsaturated ketone 170 (460 mg, 2.00 mmol) was dissolved in dry MeOH (5 

mL), CeCl3 .7H2 O (745 mg, 2.00 mmol)) solution and NaBH4 (76.0 mg, 2.00 mmol) 

was slowly added (2 minutes) with stirring. The mixture was allowed to react for 1 h 

and then treated with H2O and extracted with Et2 O (2 x 15 mL). FCC (3% Et3N 

(petrol) base wash, petrol-10% Et2O/petrol-20% Et2O/petrol) purification afforded the 

alcohol rac-144b (370 mg, 40% from acid chloride 171) as a pale yellow oil; R/0.26 

(10% Et2O/Petrol); vmax (CHCy/cnV 1 2924, 1529, 1464, 1373; 5H (400 MHz; CDC1 3 ) 

6.36 (IH, s, BrCH=), 5.17 (IH, s, CH2=), 5.01 (IH, s, CH2=), 4.58 (IH, s, C//(OH)), 

2.05-1.85 (2H, m, CCH2 ), 1.71 (3H, d, J 1.3, CH3 C), 1.50-1.31 (4H, m, CCH2C//2 , 

CCH2CH2C//2 ), 0.92 (3H, t, J 7.1, C//3CH2 ); 6C (101 MHz; CDC13 ) 148.5 (C), 143.6 

(C), 111.0 (CH2 ), 105.5 (CH), 78.7 (CH), 31.7 (CH2 ), 27.9 (CH2), 17.7 (CH2 ), 15.3 

(CH3 ), 13.9 (CH3 ); m/z (CI) 235 (95%), 251 (100%), 152 (26%), 135 (72%), 215 

(M+(-OH)(Br79)), 217 (M+(-OH)(Br81 )), (Found: (M+(-OH)(Br79 )), 215.0437. 

requires (M+(-OH)(Br79)), 215.0435; A 0.8 ppm).



(£)-(5)-l-Bromo-2-methyl-4-methyIeneoct-l-en-3-ol 144b

181(15 mol%)

170 144b
C 10 H 17BrO

Exact Mass: 232.0463 
Mol. Wt.: 233.1454

According to the method of Corey;69 a stirred solution of the starting enone 170 (224 

mg, 0.970 mmol) in CH2C12 (5 mL) was cooled to -100°C before solutions of (/?)-(+)- 

2-methyl-CBS-oxazoborolidine 181 (27.0 mg, 0.097 mmol) then catecholborane (127 

mg, 1.06 mmol) in CH2C12 (5 mL) were slowly added, such as to avoid warming of 

the reaction mixture above -78°C. The flask was then stirred at -78°C overnight. 

Aqueous KOH (2M) was then added to quench the reaction. The resulting mixture 

was then separated and the aqueous layer was extracted with CH2C12 (2 x 20 mL). The 

combined organics were washed with brine, dried over MgSCU and evaporated 

leaving a yellow residue. Purification via FCC (3% Et3 N/ petrol base wash, petrol- 

20% Et2O/ petrol) afforded the alcohol 144b (180 mg, 30% from acid chloride) as a

pale yellow oil; R/0.27 (10% Et2O/Petrol); [a] 2D3 -3.7 (c. 1.21 in EtOH); vmax (CHC1 3 )

/cm' 1 2924, 1529, 1464, 1373; 6H (400 MHz, CDC1 3 ) 6.36 (IH, s, BrCH=), 5.17 (IH, 

s, CH2=), 5.01 (IH, s, CH2=), 4.58 (IH, s, C//(OH)), 2.05-1.85 (2H, m, CCH2 ), 1.71 

(3H, d, J 1.3, CH3C), 1.50-1.31 (4H, m, CCH2C//2 , CCH2CH2C//2), 0.92 (3H, t, J 7.1, 

C//jCH2 ); 6C (101 MHz, CDC13 ) 148.5 (C), 143.6 (C), 111.0 (CH2 ), 105.5 (CH), 78.7 

(CH), 31.7 (CH2 ), 27.9 (CH2), 17.7 (CH2 ), 15.3 (CH3 ), 13.9 (CH3 ); m/z (CI) 235 

(95%), 251 (100%), 152 (26%), 135 (72%), 215 (M+(-OH)(Br79)) , 217 (M+ (- 

OH)(Br81 )), (Found: (M+(-OH)(Br79)), 215.0437. Ci 0Hi 7OiBri requires (M+(-

OH)(Br79 )), 215.0435; A 0.8 ppm).
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(£)-(5)-2-Methyl-4-methylene-l-tributylstannanyloct-l-en-3-ol 144a

Bu 3Sn

144b 144a
C22 H44OSn

Exact Mass: 444.2414 
Mol. Wt.: 443.2942

To a cooled (-78°C), stirred solution of the starting bromide 144b (50.0 mg, 0.142 

mmol) in Et2O (2 mL) was added (BuLi (200 pL, 0.341 mmol, 1.7 M in hexanes). The 

mixture was stirred at -78°C under argon for 1 h and then "Bu3SnCl (55.5 mg, 0.170 

mmol) was added. The mixture was stirred at -78°C for 2 h and then quenched with 

H2 O. This was diluted with EtOAc (4 mL) and washed with H2 O (5 mL). The organic 

layer was dried over MgSO4 and concentrated in vacua. The residue was purified via 

FCC (petrol-10% Et2O/ petrol-20% Et2O/ petrol) to afford the vinyl tributyltin reagent

144a (53.6 mg, 85%) as a pale yellow oil; R/0.60 (20% Et2O/Petrol); [a] 2D3 -5.7 (c.

1.14 in EtOH); vmax (CHC^/cnf 1 2960, 1742, 1651, 1529, 1420; 5H (400 MHz; 

CDC13 ) 5.93 (1H, s, SnCH=), 5.15 (1H, s, CH2=), 4.96 (1H, s, CH2=), 4.55 (1H, s, 

C//(OH)), 2.05-1.90 (2H, m, CCH2 ), 1.79 (1H, bs, OH), 1.70 (3H, s, CH3 C), 1.56- 

1.42 (IIH, m, CCH2C//2 , CCH2CH2C//2 , SnCH2 , SnCH2C//2 , SnCH2CH2C//2 ), 1.56- 

1.38 (IIH, m, CCH2C//2 , CCH2CH2C//2 , SnCH2 , SnCH2C//2 , SnCH2CH2C//2 ), 0.97- 

0.83 (12H, m, C//5CH2 , SnCH2CH2C#2CH3 ); 6C (101 MHz; CDC13 ) 153.4 (C), 149.6 

(C), 124.2 (CH), 110.0 (CH2 ), 81.6 (CH), 34.4 (CH2 ), 31.1 (CH2 ), 29.2 (3 x CH2 ), 

27.1 (3 x CH2 ), 22.6 (CH3 ), 19.9 (CH2 ), 14.0 (CH3 ), 13.7 (3 x CH3 ), 10.1 (3 x CH2 ); 

m/z (electrospray) 625 (78%), 388.2031 (M(-Bu)H+, 4%), 332.1409 (M(-Bu)2(2H)+, 

100%), 276.0784 (M(-Bu)3 (3H)+, 96%).

135



Stille coupling of (E)-(S)-2-Methyl-4-methylene-l4ributylstannanyloct-l-en-3-ol 

144a and {(2/?,5/?)-5-[(£:)-(/?)-l.(^^-butyl-dimethylsilanyloxy)-3-iodo-allyl]- 

tetrahydrofuran-2-yl}-acetic acid ethyl ester 143b

OH

Bu3 Sn

144a

EtO

26
EtO

Exact Mass: 480.3271 
Mol. Wt.: 480.7525

To a flask containing Pd(PPh3 )4 (4.00 mg, 0.003 mmol), vinyl stannane 144a (15.0 

mg, 0.033 mmol) and vinyl iodide 143b (15.0 mg, 0.033 mmol) was added DMF (1 

mL). Cul (6.30 mg, 0.033 mmol) was added and the flask was wraped in aluminium 

foil to exlude light. After stirring overnight the mixture was diluted with water (2 mL) 

and extracted with Et2O (2x2 mL). The combined organic layers were dried over 

MgSC>4. After filtration the residue was concentrated under reduced pressure. FCC 

(3% Et3N/ petrol base wash, petrol-10% Et2O/ petrol-20% Et2O/petrol) purification 

afforded the coupling product 141; Rj 0.14 (10% Et2O/Petrol); vmax (CHCl3 )/cnV' 

3435, 2254, 1638, 1469, 1384, 1265; 5H (400 MHz; CDC1 3 ) 6.60 (1H, dd, J= 5.2, 

14.3, CH=C//CH=), 6.34 (0.5H, d, J 14.3, CH=CHC//=(CH3)CH2(OH)), 6.33 (0.5H, 

d, J 14.3, CH=CHC//=(CH3 )CH2(OH)), 5.90 (0.5H, dd, J 5.1, 17.1, 

((SiO)CHC//=CHCH=), 5.87 (0.5H, dd, J 5.2, 17.2, «SiO)CHC//=CHCH=), 5.31 

(1H, dt, J 17.1 and 1.7, CH2=C)), 5.17 (1H, dt, J 10.6 and 1.6, CH2=C)), 5.03 (0.5H, 

bs, OH), 5.00 (0.5H, bs, OH), 4.38-4.29 (2H, m, CH2C//(O), C//(OH)). 4.27-4.21 

(1H, m, CH(OSi)), 4.20-4.12 (2H, m, CH3C//2 ), C//2(OH)), 4.04-3.98 (1H, m, 

(SiO)CHC//(O)), 2.61 (0.5H, dd, J 15.0 and 7.0, CH2C(=O)OEt), 2.59 (0.5H, dd, J 

15.1 and 7.1, CH2-C(=O)OEt). 2.45 (0.5H, dd, J 15.1 and 2.8, CH 2C(=O)OEt), 2.44 

(0.5H, dd, J 15.0 and 3.0, CH2-C(=O)OEt), 2.16-1.67 (6H, m, =CC//2 CH2 , C//2C//2 ), 

1.57 (3H, s, CH 3 C=), 1.46-1.30 (4H, m, CH3C//2C//2 ), C// ?CH 2 O), 1.28 (3H, t, J 3.4, 

C//<CH2 ), 0.90 (12H, bs, (CH 3 ) 3CSi, C//3CH2 ), 0.08 (3H, s, CH,Si), 0.06 (3H, s. 

CH 3 Si); 8C (101 MHz; CDC1 3 ) 171.3 (C), 167.8 (C), 145.2 (C), 137.5 (CH), 130.9 

(CH), 128.8 (CH), 115.7 (CH 2 ), 81.3 (CH), 77.2 (CH), 76.7 (CH), 76.0 (CH), 75 7
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(CH), 75.4 (CH), 68.2 (CH2 ), 40.7 (CH2 ), 38.7 (CH), 31.9 (CH2 ), 31.7 (CH2 ), 30.3 

(CH2 ), 29.7 (CH2 ), 26.8 (CH2 ), 26.6 (CH2 ), 25.8 (3 x CH3 ), 23.7 (CH2 ), 23.0 (CH2 ), 

18.3 (C), 14.2 (CH3 ), 14.0 (CH3 ), 11.0 (CH3 ), -4.9 (2 x CH3 ); m/z (electrospray) 477 

(56%), 469 (22%), 351 (M(nBu,lBu,OH)2H)+, 323 (23%), (Found: (M(- 

"Bu, tBu,OH)2H)+ 351.1971. Ci 9H3 iO4Sii requires (M(-"Bu,tBu,OH)2H)+ 351.1992; 

A 6.0 ppm).

Allylic hydroxylation-oxidation of gem-dimethyl diene 86

EtO H OTBS

86
EtO'

O

H OTBS

193

Exact Mass: 398.2489 
Mol. Wt.: 398.6089

192

Exact Mass: 396.2332 
Mol. Wt.: 396.593

According to the method of Sharpless; 101 to a stirred suspension of SeO2 (4.40 mg, 

0.040 mmol) in dry DCM (1 mL) was added 70% 'BuOOH (43.2 uL, 0.316 mmol). 

After being stirred for 30 minutes at r.t. the diene 86 (30.0 mg, 0.079 mmol) was 

added and the reaction was stirred at r.t. overnight. The mixture was transferred to a 

separatory funnel and quenched by shaking vigorously with 10% aqueous NaOH (2 

mL). The crude mixture was diluted with Et2O (4 mL) and the phases were separated. 

The organic phase was washed with 10% aqueous NaOH (2 mL) and water (2 mL), 

dried over Na2 SC>4 and concentrated to an oil in vacuo. FCC (3% Et3N/ petrol base 

wash, 10% EtOAc/ petrol- 20% EtOAc/ petrol) afforded the allylic alcohol 193 (c.a. 

22.0 mg, 70%, R/0.76 (50% EtO Ac/Petrol)) and a mixture of the allylic aldehyde 192 

and the minor alcohol 194 (1:2 ratio; R/ 0.86 (50% EtO Ac/Petrol)); 6H (400 MHz; 

CDC1 3 ) 6.56 (1H, ddd, J 15.1 and 11.1 and 1,4, CH=C//CH=), 6.11 (1H, d, J 11.1, 

CH=CHC//=(CH3 )CH 2 (OH)), 5.73 (1H, dd, J 15.1 and 5.1 ((SiO)CHC//=CHCH=), 

4.37-4.27 (2H, m, CH2C//(O), C//(OSi)), 4.17 (2H, q, J 7.1, CH 3C//2 ), 4.11 (1 H, d, J 

4.1, C//2(OH)), 4.06-4.00 (1H, m, (SiO)CHC//(O)), 2.61 (1H, dd, J 15.0 and 7.1, 

C//2 C(=O)OEt), 2.45 (1H, dd, J 15.0 and 6.2, C//2C(=O)OEt), 2.12-1.72 (4H, m,
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C//2C//2 ), 1.82 (3H, s, CH3C=), 1.29 (3H, t, J 7.1, CH3CH2 ), 0.93 (9H, s. (CH3 ) 3 CSi), 

0.09 (3H, s, CH3 Si), 0.07 (3H, s, CH3 Si).

According to the method of Piancatelli and Leonelli; 83 a round-bottomed flask was 

charged with the following reagents: acetonotrile (1 mL), the allylic hydroxylation 

product mixture (0.079 mmol), aqueous 7.0 buffer solution (210 uL), TEMPO (1.23 

mg, 0.008 mmol) and iodobenzene diacetate (28.0 mg, 0.087 mmol). The reaction 

mixture was stirred at 0°C until the alcohol was no longer detectable by TLC analysis 

(3 h). The reaction mixture was diluted with Et2O (3 mL) and transferred to a 

separatory funnel. The orange mixture was washed with sat. Na2S/NaHCO3 (aq.) (3 

mL) and the organic layers were combined, dried over Na2SO4 and evaporated under 

reduced pressure. The crude product 192 (R/ 0.86 (50% EtOAc/Petrol)) was subjected 

to the next reaction without further purification.

No/aki-Hiyama-Kishi coupling of 192 and 151

EtO

O

H OTBS

192

HO

EtO

O

H OTBS

141

^T^sOsSi
Exact Mass: 480.3271

Mol. Wt.: 480.7525

102According to the method of Kishi; The crude aldehyde 192 (0.079 mmol) was 

mixed with 2-bromohex-l-ene 151 (38.6 mg, 0.237 mmol) and then dissolved in dry 

DMSO (2 mL). To this solution was added portionwise CrCl2 (58.3 mg, 0.474 mmol) 

containing 0.1 % NiCl2 (6.10 mg, 0.047 mmol). The dark green mixture was stirred 

under argon overnight. The reaction was quenched by stirring with sat. NH4C1 and 

CHC1 3 (2 mL) and then extracted with EtOAc (3 mL). The combined extracts were 

washed with brine (3 mL) dried over MgSCU and evaporated under reduced pressure. 

The crude product was purified via FCC (3% Et3 N/ petrol base wash, petrol-10% 

Et2O/ petrol-20% Et2O/petrol) to afford the coupling product 141 (R/ 0.14 (10 (/r 

Et2O/Petrol)) which has same 'H-NMR data with the product 141 from the Stille- 

coupling.
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(2/?,3S)-2-Hydroxy-3-methylsuccinic acid dimethyl ester 20986b

OH O
HO

OH
O

OH O

O
207

OH O

208

O
209

C7H 12O5
Exact Mass: 176.0685 

Mol. Wt.: 176.1672

AcCl (7.80 mL, 82.1 mmol) was slowly added to ice-cold MeOH (100 mL). D-(+)- 

malic acid 207 (10.0 g, 74.6 mmol) was then added and the reaction was stirred for 2 

days at r.t. The reaction mixture was concentrated in vacuo and purified by FCC (30% 

EtOAc/Petrol) to afford the titled dimethyl ester 208 (8.10 g, 74%). According to the 

method of Liotta; 86b to a stirred, cold (0 °C) solution of diisopropylamine (61.3 mL, 

437 mmol) in THF (200 mL) was added dropwise rc-butyllithium (194 mL, 437 mmol, 

2.25 M in hexanes). The mixture was stirred at 0 °C for 15 min and then cooled to -78 

°C. A solution of diethyl (fl)-malate 208 (30.8 g, 190 mmol) in THF (40 mL) and 

HMPA (33.1 mL, 190 mmol) was added dropwise, and the mixture was then stirred at 

78 °C for 15 minutes. Subsequently, the mixture was allowed to slowly warm to -20 

°C over a period of 2 h. The orange mixture was stirred at -20 °C for 15 minutes and 

cooled to -78°C prior to the dropwise addition of methyl iodide (17.8 mL, 285 mmol). 

The orange mixture was maintained at -78 °C for 30 minutes and then warmed to 

room temperature over 1 h and stirred for 45 minutes at room temperature. To the 

cold (0 °C) reaction mixture was added a 10% aqueous citric acid solution (715 mL). 

The product was extracted with EtOAc (3 x 200 mL), and the combined extracts were 

washed with H2O (200 mL) and brine (200 mL). The orange layer was dried over 

MgSCU, filtered, and evaporated to dryness to give the crude product as a dark orange 

oil. Purification with FCC (20% EtOAc/hexane) provided 3-methyl dimethyl ester 

209 (16.7 g, 50%) as an 8:1 mixture of isomers; R/0.86 (20% EtOAc/Petrol); 6 H (400 

MHz; CDC1 3 ) 4.28 (1H, d, J 3.7, C//(OH)), 3.81 (3H, bs, CH3 O), 3.70 (3H, bs, 

CH30), 3.09-3.00 (1H, m, C//CH3 ), 1.31 (3H, d, J 7.3, CH3CH) [lit., 86b 103 ; 6H (300 

MHz; CDC1 3 ) 4.28 (1H, d, J 3.2, C//(OH)), 3.74 (3H, s, CH3 O), 3.69 (3H, s, CH 3 O), 

2.99-2.90 (1H, m, C//CH 3 ), 1.78 (1H, br, OH), 1.17 (3H, d, J 7.3, Cf/jCH)].
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(/?)-2-[(/?)-2,2-Diethyl-[l,3]dioxolan-4-yl]-propan-l-ol211 86b

OH O OH
HO

OH

O
Q

OH
O

209 21 ° 211

Exact Mass: 188.1412 
Mol. Wt.: 188.264

According to the method of Liotta;86b to a cold (0°C) solution of dimethyl ester 209 

(16.7 g, 190 mmol) in THF (250 mL) was added dropwise 10 M borane-dimethyl 

sulphide complex (47.5 mL, 475 mmol). After the resultant mixture was stirred for 15 

minutes at r.t., the reaction was gently refluxed for 2.5 h. During the first hour 

dimethyl sulfide was distilled off. The reaction mixture was cooled to 0 °C, and 

MeOH (170 mL) was added. Excess MeOH and THF were removed by rotary 

evaporation. Successive codistillation with MeOH (2 x 100 mL) using a rotary 

evaporator removed most of the boron by-product giving a colorless oil. The crude 

product 210 (R/ 0.14 (EtOAc)) was dried in vacua for 24 h and was then used in the 

next reaction without further purification. To a solution of this triol 210 (190 mmol) 

and 3-pentanone (241 mL, 2.28 mols) in THF (200 mL) was added polymer bound p- 

toluenesulfonic acid (2.19 g, 4.37 mmol), and the resultant solution was refluxed for 

18 h. The mixture was then diluted with ether, washed successively with saturated 

aqueous NaHCO3 (80 mL), H2O (80 mL), and brine (80 mL), dried over MgSO4 , 

filtered, and evaporated to furnish a pale yellow liquid. Note: The product is volatile; 

use caution during evaporation. Purification by flash chromatography (30% EtOAc in 

hexanes) provided the 1,3-dioxolane 211 as a single isomer (510 mg, 55% from 

malate 209, pale yellow oil); R/ 0.22 (30% EtOAc/Petrol); 6H (400 MHz; CDC1 3 ) 4.15 

(1H, dd, J 7.8 and 6.0, (O)CHC//2(O), 3.94 (1H, dt, J 8.7 and 6.0, OC//CH2 O), 3.73- 

3.60 (3H, m, (O)CHC#2 (O)), 2.93 (1H, dd, J 8.7 and 2.7, C//(CH3 )), 1.94-1.82 (1H, 

m, OH), 1.65 (2H, q, J 7.5, CH3C//2O), 1.63 (2H, q, J 7.8, CH3C//2O), 0.93 (3H, t, J 

7.4, C//jCH), 0.92 (3H, t, J 7.5, C//jCH2O), 0.83 (3H, d, J 7.8, C//,CH 2 O) [lit., 86b 

pale yellow oil; 6H (400 MHz; CDC13 ) 4.14-4.10 (1H, dd, J 8.0 and 6.0, 

(O)CHC//2 (O), 3.95-3.90 (1H, dt, J 8.6 and 6.0, OC//CH2 O), 3.70-3.58 (3H, m, 

(0)CHC//2(0)), 2.86 (1H, dd, J 8.6 and 2.8. C//(CH 3 )), 1.89-1.83 (1H, m, OH), 1.64
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(2H, q, J 7.6, CH3C//20), 1.63 (2H, q, J 7.2, CH3C//2O), 0.91 (3H, t, J 7.5, 

0.89 (3H, t, J 7.6, C/fjCH.O), 0.81 (3H, d, J 7.2, C//jCH2 O)].

(/?)-4-[(/?)-2-(4-Methoxybenzyloxy)-l-methylethyl]-2,2-diethyl-[l,3]dioxolane
21286a

OPMB

211 212
£"18^2804

Exact Mass: 308.1988 
Mol. Wt: 308.4125

According to the method of Forsyth; 86a to a stirred 0°C solution of alcoholol 211 (2.80 

g, 15.0 mmol) in THF (40 mL) under N2 was added NaH (1.04 g, 26.0 mmol, 60% 

dispersion in mineral oil), 4-methoxybenzyl chloride (3.12 mL, 23.0 mol) and tetra-n- 

butylammonium iodide (555 mg, 1.50 mmol). The mixture was allowed to warm to 

r.t. and stirred for 8 h before it was re-cooled to 0°C and methanol (15 mL) was 

added. The solution was allowed to warm to r.t. and stirred for 1 h, then was diluted 

with diethyl ether (100 mL). The mixture was washed with H2 O (20 mL) and 

saturated aqueous NaCl (30 mL), dried over Na2SO4 , filtered and concentrated. FCC 

(Hexane/ EtOAc, 5:1) of the residue gave the PMB-ether 212 (6.32 g, 75%) as a clear, 

colourless oil; R/0.55 (10% EtOAc/Petrol); 5H (400 MHz; CDC1 3 ) 7.23 (2H, d, J 8.6, 

ArH), 6.87 (2H, d, J 8.6, ArH), 4.42 (1H, d, J 2.1, OC//2C6H4(OMe)), 4.39 (1H, d, J 

2.1, OC//2C6H4(OMe)), 4.05-3.90 (2H, m, OC//2CH(O), OCH2C//(O)), 3.81 (3H, s, 

OC//?), 3.60 (1H, dd, / 16.8 and 3.3, C//2OPMB), 3.57 (1H, dd, J 6.6 and 4.5, 

C//2OPMB), 3.40 (1H, dd, J 8.8 and 6.6, C//CH3 ), 1.97 (1H, m, OH), 1.62 (2H, q, J 

7.5, CH3C//20), 1.60 (2H, q, J 7.5, CH3C//2O), 0.95 (3H, d, J 7.2, CH3CH), 0.90 (3H, 

t, J 7.5, C//,CH20), 0.87 (3H, t, J 7.5, CH3CH2O). [lit., 86a 5H (500 MHz; CDC1 3 ) 7.25 

(2H, d, J 8.7, ArH), 6.88 (2H, d, J 8.7, ArH), 4.44 (1H, d, J 2.1, OC//2 C6H4(OMe)). 

4.40 (1H, d, J 2.1, OC//2C6H4(OMe)), 4.02-3.93 (2H, m, OC//2CH(O), OCH2C//(O)), 

3.80 (3H, s, OC//0, 3.59 (1H, dd, J 16.8 and 3.3, C//2OPMB), 3.57 (1H, dd, J 6.6 and 

4.5, C//2OPMB), 3.39 (1H, dd, J 9.0 and 6.6, C//CH 3 ), 1.97 (1H, m, OH), 1.63 (2H.
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q, J 7.5, CH3C//2O), 1.61 (2H, q, J 7.5, CH3C//2O), 0.94 (3H, d, J 7.2, C//^CH), 0.89 

(3H, t, J 7.5, C//jCH20), 0.88 (3H, t, J 7.5, C//jCH2O)].

(2/?,3/?)-4-(4-Methoxybenzyloxy)-3-methylbutane-l,2-diol21386a

O '? - HQ
\ ^~^ ^^

OPMB

212 213

Exact Mass: 240.1362 
Mol. Wt.: 240.2955

According to the method of Forsyth;86a to a stirred solution of 1,3-dioxolane 212 (4.44 
g, 15.0 mmol) in methanol (75 mL) was added p-toluenesulfonic acid monohydrate 
(285 mg, 1.50 mmol). After 21 h, triethylamine (1 mL) was added and the solution 
was concentrated. FCC (Hexane/ EtOAc, 2:1 to 1:2) of the residue gave the diol 213 
(2.50 g, 70%) as colourless oil; R, 0.41 (66% EtO Ac/Petrol); 6H (400 MHz; CDC1 3 ) 
7.23 (2H, d, J 8.5, ArH), 6.87 (2H, d, J 8.5, ArH), 4.45 (2H, s, C//2C6H4(OMe)), 3.80 
(3H, s, CtfjO), 3.73-3.40 (7H, m, (HO)C//2CH(OH), (HO)CH2C//(OH),
C//2(OPMB), 2OH), 2.10-2.03 (IH, m, CH3C//), 0.88 (3H, d, J 7.0, C//jCH) [lit.,86a 
6H (300 MHz; CDC1 3 ) 7.28 (2H, d, J 8.7, ArH), 6.91 (2H, d, J 8.7, ArH), 4.49 (2H, s, 
C//2C6H4(OMe)), 3.83 (3H, s, C/fjO), 3.72-3.46 (7H, m, (HO)C//2CH(OH), 
(HO)CH2C//(OH), C//2(OPMB), 2OH), 2.01 (IH, m, CH3C//), 0.91 (3H, d, J 6.9, 

CH3CH)
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(/?)-2-[(/?)-2-(4-Methoxybenzyloxy)-l-methylethyl]-oxirane205 86a

HO nHO. -
OPMB 

213 205

Exact Mass: 222.1256 
Mol. Wt.: 222.2802

According to the method of Forsyth ; 86a To a stirred 0°C solution of diol 213 (900 mg, 

3.75 mmol) in THF (50 mL) under N2 was added NaH (60 % dispersion in mineral oil 

(375 mg, 9.38 mmols). The resulting mixture was stirred at 0°C for 1 h, then cooled to 

-78°C. W-p-Toluenesulfonyl imidazole (917 mg, 4.13 mmol) was added and the 

mixture was allowed to warm to r.t. After 10 h, the mixture was cooled to 0°C and 

saturated aqueous NH4C1 (25 mL) was added. The mixture was diluted with Et 2 O (50 

mL) and washed with H2O (30 mL) and saturated aqueous NaCl (30 mL). The organic 

phase was dried over Na2SO4 , filtered and concentrated. The residue was purified by 

silica gel column chromatography (hexane/ EtOAc, 5:1) to give the epoxide 205 (777 

mg, 87 %) as a clear, colourless oil; R/ 0.71 (30% EtOAc/Petrol); 5H (400 MHz; 

CDC1 3 ) 7.30 (2H, d, J 8.6, ArH), 6.90 (2H, d, J 8.6, ArH), 4.49 (2H, s, 

C//2C6H4(OMe)), 3.83 (3H. s, C//jO), 3.52 (IH, dd, J 9.2 and 5.6, C//2 (OPMB)), 3.45 

(IH, dd, J 9.2 and 5.9, C//2(OPMB)), 2.93-2.85 (IH, m, C//2OCH), 2.77 (IH, appt, J 

5.0, CH 2 OC//), 2.56 (IH, dd, J 5.0 and 2.7, C//2OCH), 1.80-1.50 (IH, m, C//CH3 ), 

1.00 (3H, d, J 6.9, CHC//j) [lit., 86a 6H (300 MHz; CDC13 ) 7.28 (2H, d, J 9.0, ArH), 

6.98 (2H, d, 7 9.0, ArH), 4.47 (2H, s, C//2C6H4(OMe)), 3.81 (3H, s, CH3O), 3.50 (IH, 

dd, y 9.5 and 6.0, C//2(OPMB)), 3.44 (IH, dd, J 9.0 and 6.0, C//2(OPMB)), 2.90 (IH, 

ddd, y 7.0, 4.5 and 2.5, C//2OCH), 2.74 (IH, dd, J 5.0 and 4.5, CH2OC//), 2.54 (IH, 

dd,y5.0and2.5, C//2OCH), 1.71 (IH, m, C//CH3 ), 1.00 (3H, d, J 7.0, CHCH3 )]
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4-Benzyloxybut-2-yn-l-ol 215 104

OBn

According to the method of Kiyota; The diol 214 (40.0 g, 0.465 mols) was dissolved 

in dry THF (250 mL), KOH (26.1 g, 0.465 mols) and BnCl (64.2 mL, 0.558 mols) 

were added and the reaction was stirred vigorously overnight. The reaction mixture 

was neutralized with 0.1 M HC1 solution, extracted with Et2O (2 x 100 mL) and 

washed with NaHCO3 (aq. soln. 100 mL). The organic layers were combined, dried 

over Na2 SO4 and concentrated under reduced pressure to afford an oil. FCC (petrol/ 

10% EtOAc/ Petrol) afforded Bn-ether 215 (57.3 g, 70%) as a colourless oil; Rj 0.50 

(10% EtOAc/Petrol); 8H (400 MHz; CDC13 ) 7.38 (5H, d, J 4.4, ArH), 4.63 (2H, s, 

C//2OPh), 4.34 (2H, s, C//2OH), 4.24 (2H, s, C//2OBn), 2.00 (IH, bs, OH); [lit. 104 , 6H 

(300 MHz; CDC13 ) 7.37-7.27 (5H, m, ArH), 4.61 (2H, s, C//2OPh), 4.23 (2H, d, J 1.8, 

C//2OH), 4.08 (2H, t, J 1.8, C//2OBn), 1.71 (IH, bs, OH)].

(£)-4-Benzyloxybut-2-en-1 -ol 216 l °5

OBn

215 216

Exact Mass: 178.0994 
Mol. Wt.: 178.2277

oo

According to the method of Kiyota; The starting alkyne 215 (66.0 g, 0.375 mols) 

was added dropwise to a solution of LiAlH4 (21.3 g, 0.563 mols) in dry THF (500 

mL) at 0°C. After the addition the reaction temperature was raised to r.t. and the 

reaction mixture was quenched with a solution of Rochelle salt (0°C) and stirred at r.t. 

for 30 minutes. Then it was extracted with Et2 O (2 x 200 mL) and the organic layers 

were combined, dried over Na2 SO4 and concentrated under reduced pressure to give 

an oil. Purification via FCC (Petrol to 10% EtOAc/ Petrol afforded the alkene 216 

(52.7 g, 79 %) as a pale yellow oil; R/0.76 (10% EtO Ac/Petrol): 5 H (400 MH/; 

CDCh) 7.39-7.36 (5H, m, ArH). 5.97-5.82 (2H, m, CH=), 4.55 (2H, s, OC//2 Ph), 4.17

144



(2H, d, J 4.9, C//2OH), 4.06 (2H, d, J 5.4, C//2OBn), 1.80 (1H, bs, OH): [lit. 105 . 6H 

(400 MHz; CDC1 3 ) 7.34 (5H, m, ArH), 5.89 (2H, m, CH=), 4.50 (2H, s, OC//2Ph), 

4.17 (2H, d,7 4.9, C//2OH), 4.00 (2H,d, 74.8, C//2OBn), 1.85 (1H, bs, OH)].

[(2/?,3/?)-3-BenzyloxymethyIoxiranyl]-methanol217 106

216 217

00

According to the method of Kiyota; To a round-bottom flask were added activated 4
o

A MS (5 g) and the apparatus was maintained under inert atmosphere. To the flask 

was added directly dry CH2C12 (500 mL) and freshly distilled titanium 

tetraisopropoxide (36.0 mL, 0.121 mols) via syringe and then the mixture was cooled 

cooled to between -30 and -20°C and stirred vigorously. (+)-diisopropyl tartrate (29.9 

mL, 0.142 mols) was added to the flask via syringe and stirred for 15 minutes. A 

solution of the allylic alcohol 216 (18.0 g, 0.101 mols) in CH2 C12 (100 mL) was 

prepared and placed in a pressure-equalizing addition funnel and was added to the 

reaction mixture over 5 minutes and then stirred for 10 minutes. A solution of t-butyl 

hydroperoxide (36.4 mL, 0.182 mols, 5.0 M- 6.0 M soln in decane) was transferred to 

the pressure-equalizing addition funnel and it was added dropwise over a period of 10 

minutes. Stirring was continued for 4 h and the reaction was placed in the freezer 

overnight. A 15% aqueous solution of tartaric acid was prepared and added to the 

stirred reaction mixture at -30°C. Then the mixture was allowed to warm to r.t. and 

stirring continued for 30 minutes, filtered through a pad of celite and transferred to a 

separating funnel. The organic phase was separated and the aqueous phase was 

washed with CH2C12 (2 x 100 mL), the organic layers were combined and the solvents 

removed under reduced pressure to leave a wet oil. The oil was dissolved in Et2 O (300 

mL), cooled to 0°C and it was treated with aqueous NaOH solution (1M, 100 mL) 

saturated with NaCl. The resulting two-phase mixture was stirred vigorously for 30 

minutes at 0°C and the mixture was transferred to a separating funnel, washed with 

sat. aq. NaCl solution (80 mL) and dried over MgSO4 , filtered and the solvents were 

removed under reduced pressure to leave an oily residue. FCC purification (20% to 

40% EtOAc/ Petrol) gave epoxide 217 (15.4 g, 78%) as a pale yellow oil; R, 0.90 

(10% EtOAc/Petrol); 5H (400 MHz; CDCh) 7.38-7.35 (5H, m, ArH), 4.60 (2H, dd, 7

145



19.3 and 12.0. OC//2Ph), 3.95 (1H, d, J 12.7, C//2OH). 3.78 (1H, dd, J 11.6 and 3.0, 

C//2OH), 3.68-3.63 (1H, m, C//2OBn), 3.55 (1H, dd, C//2 OBn), 3.27-3.24 (1H. m, 

BnOCH2C//(0)CH), 3.13-3.10 (1H, m, HOCH2C//(O)CH). 1.95 (1H, bs. OH); 

[lit. 106 , 6H (300 MHz; CDC1 3 ) 7.3 (5H, m, ArH), 4.5 (2H, dd, OC//2Ph), 3.9-3.8 (1H, d 

of m, C//2OH), 3.75-3.7 (1H, dd, C//2OH), 3.55 (1H, m, C//2OBn), 3.45 (1H, dd, 

C//2OBn), 3.9 (1H, m, BnOCH2C//(O)CH), 3.2 (1H, m, HOCH2C//(O)CH), 2.9 (1H, 

bt, OH)].

(/?)-4-((/?)-2-Benzyloxy-l-methylethyl)-2,2-dimethyl-[l,3]dioxolane and (4R,5R)- 

4-benzyloxymethyl-2,2,5-trimethyl-[l,3]dioxane21883b

o
^•^

HO

217

OBn 
OBn

253
219

O CL

According to the method of Okamura; ~ To a solution of the epoxide 217 (15.4 g, 

78.6 mmol) in CH2C12 (12 mL) was added Me3Al (82.4 mL, 165 mmol, 2.0 M 

solution in hexane) at -20°C. After being stirred for 30 minutes, the mixture was left 

in the refrigerator (0°C) for 12 h and quenched with aq. HC1. The mixture was 

extracted with H2O (10 mL), dried over MgSO4 , filtrated through a pad of silica gel 

and concentrated to give a mixture of 1,2- (252) and 1,3- (253) diol. The product was 

transferred to the next step without further purification. According to the method of 

Okamura; 89b To a solution of isomeric diols 252 and 253 (16.6 g, 78.6 mmols) in 

CH2C12 (150 mL) were added 2,2-dimethoxypropane (10.6 mL, 86.5 mmol) and 

(D,L)-CSA (366 mg, 1.57 mmol) at r.t. After being stirred for 3 h, the solution was 

concentrated and chromatographed on silica gel (10:1 to 9:1, Hexane/ EtOAc) to give 

the 1,2-acetonide 218 (11.2 g, 57% for 2 steps), while the 1,3-acetonide 219 was not 

isolated ; R/ 0.60 (10% EtOAc/Petrol); 6H (400 MHz; CDC1 3 ) 7.37-7.28 (5H, m, 

ArH), 4.54 (2H, s, OC//2 Ph), 4.06-3.99 (2H, m. OC//2CH(O), OCH 2C//(O)), 3.72-
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3.66 (IH, m, OC//2CH(O)), 3.58 (IH, dd,/9.1 and 4.4, C//2OBn), 3.44 (IH, dd.79.1 

and 6.5, C//:OBn), 2.03-1.96 (IH, m, C//CH3 ), 1.41 (3H, s, (CH3 ) 2C(O)), 1.37 (3H, 

s, (CH3 ) 2C(O)), 0.97 (3H, d, J 6.9, CH3CH) [lit. 85b ; 6H (90 MHz; CDC13 ) 7.48-7.14 

(5H, bs, ArH), 4.49 (2H, s, OC//2Ph), 4.17-3.84 (2H, m, OC//2CH(O), OCH2C//(O)), 

3.81-3.19 (3H, m, OC//2CH(O), C//2Obn, C//2OBn), 2.18-1.78 (IH, m, C//CH3 ), 

1.37 (3H, s, (CH3 )2C(0)), 1.33 (3H, s, (CH3 )2C(O)), 0.94 (3H, d, J 7.3, CH3CH)].

(/?)-2-[(/0-2-Benzyloxy-l-methylethyl]-oxirane221 107

OH 
220

According to the method of Kiyota; 88a To a stirred solution of acetonide 218 (11.2 g, 

44.8 mmol) in methanol (200 mL) was added p-toluenesulfonic acid monohydrate 

(850 mg, 4.47 mmol). After 21 h, triethylamine (3 mL) was added and the solution 

was concentrated. FCC (Hexane/ EtOAc, 2:1 to 1:2) of the residue gave the diol 220 

(6.60 g, 70%) as colourless oil; R, 0.40 (60% EtOAc/Petrol); 5H (400 MHz; CDC13 ) 

7.43 (5H, m, ArH), 4.53 (2H, s, C//2Ph), 3.59-5.51 (2H, m, C//2OBn), 2.94-2.91 (IH, 

m, C//(O)CH2 ), 2.84 (IH, appt, J 4.9, CH(O)C//2 ), 2.60 (IH, dd, J 4.9 and 2.7, 

CH(O)C//2 ), 1.75-1.67 (IH, m, C//CH3 ), 1.13 (3H, d, J 6.9, CHCH3 ). To a stirred 0°C 

solution of diol 220 (6.60 g, 31.4 mmol) in THF (350 mL) under N2 was added NaH 

(2.96 g, 72.2 mmols, 60 % dispersion in mineral oil). The resulting mixture was 

stirred at 0°C for 1 h, then cooled to -78°C. Af-/?-Toluenesulfonyl imidazole (7.10 g, 

31.8 mmol) was added and the mixture was allowed to warm to r.t. After 10 h, the 

mixture was cooled to 0°C and saturated aqueous NH4C1 (100 mL) was added. The 

mixture was diluted with Et2O (300 mL) and washed with H2O (150 mL) and 

saturated aqueous NaCl (100 mL). The organic phase was dried over Na2SO4 , filtered 

and concentrated. The residue was purified by silica gel column chromatography 

(hexane/ EtOAc, 5:1) to give epoxide 221 (5.25 g, 87 %) as a clear, colorless oil; R, 

0.75 (30% EtOAc/Petrol); 6H (400 MHz; CDC1 3 ) 7.43-7.31 (5H, m, ArH), 4.53 (2H. s. 

C//2OPh), 3.53 (IH, dd, J 9.0 and 5.4, C//:OBn), 3.47 (IH, dd, J 9.0 and 5.7,
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C#2OBn),3.59-3.51 (2H, m, C//2OBn), 2.94-2.91 (1H, m, C//(O)CH2 ), 2.84 (1H, 

appt, J 4.9, CH(O)C//2), 2.60 (1H, dd, J 4.9 and 2.7, CHOC//2 ). 1.75-1.67 (1H, m, 

C//CH3 ), 1.13 (3H, d, J 6.9, CHCH3 )- [lit. 107 , 6H (270 MHz; CDC13 ) 7.35-7.25 (5H, 

m, ArH), 4.53 (2H, s, C//2OPh), 3.53 (1H, dd, J 9.1 and 5.4, C//2OBn), 3.47 (1H, dd, 

J 9.1 and 5.7, C//2OBn), 2.91 (1H, m, C//(O)CH2 ), 2.75 (1H, t, J 5.0, CH(O)C//2 ). 

2.54 (1H, dd, 7 5.0 and 2.8, CHOC//2), 1.71 (1H, m, C//CH3 ), 1.01 (3H, d, J 7.1. 
CHC//0]

(S)-2-MethyI-3-trityloxypropionic acid methyl ester 223

O O

90

"or -y ^OH "cr v oir

222 223

According to the method of Ley;90 To a solution of hydroxy ester 222 (12.6 g, 0.106 

mol) in CH2C12 (120 mL) was added TEA (22.2 mL, 0.160 mol), DMAP (0.65 g, 5.30 

mmol), and trityl chloride (32.6 g, 0.1 10 mol). After stirring at r.t. for 12 h, EtOH (20 

mL) was added and the reaction mixture stirred for 2 h before the reaction was 

quenched with saturated NtUCl solution (100 mL) and extracted with CH2C12 (3 x 

100 mL). The combined organic extracts were washed with brine (100 mL), dried 

(MgSCU) and concentrated in vacuo. Trituration with Et2 O afforded the Tr-ether 223 

as a colourless solid (36.0 g, 93%). The product was used immediately without further 

characterisation.

(#)-2-Methyl-3-trityloxypropan-l-ol224

O

90

223 224

According to the method of Ley;90 To a solution of ester 223 (36.0 g, 0.100 mol) in 

THF (360 mL) at 0 °C was added LiAlH4 (1.0 M solution in THF. 100 mL) via 

cannula over 45 min. The reaction mixture was stirred at r.t. for 2 h. The reaction 

mixture was cooled to 0 °C and quenched with H 2 O (25 mL) followed by Rochelle
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salt solution (250 mL) and the reaction mixture stirred at r.t. for 12 h. The aqueous 

layer was separated and extracted with EtOAc (3 x 150 mL). The combined organic 

extracts were dried (MgSCU) and concentrated in vacuo to afford the alcohol 224 as a 

colorless oil (32.5 g, 98%); R/0.18 (50% Et2 O/Petrol); 8H (400 MHz; CDC1 3 ) 7.50- 

7.46 (6H, m, ArH), 7.36-7.26 (9H, m, ArH), 3.64-3.58 (2H, m, C//2 (OTr), C//2 (OH)). 

3.26 (1H, dd, J 9.1 and 4.6, C//2 (OH)), 3.07 (1H, dd, J 9.1 and 7.8, CH2(OTr)), 2.39- 

2.36 (1H, m, C//(CH3 )), 0.90 (3H, d, J 6.9, CH3 ) [lit.,90 colorless oil; 6H (400 MHz: 

CDC1 3 ) 7.48-7.43 (6H, m, ArH), 7.35-7.22 (9H, m, ArH), 3.59 (2H, m, C//2(OTr), 

C//2(OH)), 3.23 (1H, dd, J 9.1 and 4.6, C//2(OH)), 3.04 (1H, ap. t, J 7.8, CH 2 (OTr)), 

2.24 (1H, m, C//(CH3 )), 0.87 (3H, d, J 6.9, CH3 )]

(S)-2-Methyl-3-trityloxypropionaldehyde 22590

According to the method of Ley;90 To a solution of oxalyl chloride (16.90 ml, 195 

mmol) in CH2C12 (300 mL) at -78 °C was added DMSO (34.5 mL, 488 mmol). After 

stirring at this temperature for 20 min a solution of alcohol 224 (32.5 g, 97.5 mmol) in 

CH2C12 (60 mL) was added dropwise. The reaction mixture was stirred at -78 °C for a 

futher 30 min before the addition of DIPEA (68.3 mL, 390 mmol). After 15 min the 

reaction mixture was warmed to 0 °C and quenched with pH 7.0 buffer solution then 

extracted with CH2C12 (3 x 200 mL). The combined organic extracts were dried 

(MgSCU) and concentrated in vacuo to afford aldehyde 225 as a pale yellow oil (30.8 

g, 96%) with spectral data in good agreement with literature values; R/ 0.21 (30% 

Et2O/Petrol); 6H (400 MHz; CDC13 ) 9.69 (1H, d, J 1.6, CH(=O)), 7.46-7.41 (6H, m, 

ArH), 7.33-7.20 (9H, m, ArH), 3.40-3.32 (2H, m, CH2(OTr)), 2.69-2.56 (1H, m, 

CH3C//), 1.12 (3H, d, J 7.2, CH3 ) [lit.,90 pale yellow oil; 5H (400 MHz; CDC1 3 ) 9.69 

(1H, d, J 1.6, CH(=0)), 7.43-7.38 (6H, m, ArH), 7.32-7.24 (9H, m, ArH), 3.40-3.32 

(2H, m, CH2 (OTr)), 2.62 (1H, m, CH3C//), 1.12 (3H, d, J 7.0, CH 3 )].



(,S)-2-([l,3]-Dithian-2-yl)-propan-l-ol22690

OTr 

225 226

According to the method of Ley;90 To a solution of aldehyde 225 (30.8 g, 0.093 mol) 

in CH2C12 (250 mL) at -78°C was added 1,3-propanedithiol (18.8 mL, 0.187 mol) 

over 10 min. To the resultant solution was added BF3 .Et2O (23.1 mL, 0.187 mol) 

dropwise and the solution stirred at -78 °C for 30 min then warmed to r.t. over 3 h. 

The reaction was then carefully quenched with saturated NaHCO3 solution and 

extracted with CH2C12 (3 x 100 mL). The combined organic extracts were dried 

(MgSO4) and concentrated in vacuo. Flash column chromatography eluting with 

Et2O:petrol (1:2 then 1:1 then 1:0) afforded dithiane 226 as a yellow oil (15.7 g, 95%) 

with spectral data in good agreement with literature values; R/ 0.10 (30% 

Et2O/Petrol); 6H (400 MHz; CDC13 ) 4.31 (IH, d, J 4.9, C//2OH), 3.73-3.65 (2H, m, 

C//2OH, SCHS), 2.94-2.84 (4H, m, CH2S), 2.18-2.08 (3H, m, CH3C//, C//2CH2S), 

1.92- 1.81 (IH, m, OH), 1.10 (3H, d, J 7.0, CH3 ) [lit.,90 yellow oil; 6H (400 MHz; 

CDC13 ) 4.28 (IH, d, J 4.9, C//2OH), 3.66 (2H, m, C//2OH, SCHS), 2.94-2.81 (4H, m, 

CH2 S), 2.11-2.04 (3H, m, CH3C//, C//2CH2 S), 1.90- 1.80 (IH, m, OH), 1.08 (3H, d, J 

7.0, CH3 )].

ter^Butyl-[(S)-2-[l,3]dithian-2-yl-propoxy]-dimethylsilane 206

s r s

90

OH S V OTBS 

226 206

According to the method of Ley;90 To a solution of alcohol 226 (15.7 g, 87.7 mmol) 

in THF (90 mL) was added imidazole (12.0 g, 176 mmol) and TBSC1 (19.9 g. 132 

mmol) and the resultant mixture stirred for 2 h at r.t., then diluted with EtOAc (50 

mL) and partitioned with saturated NH4C1 solution (50 mL). The aqueous phase was 

separated and extracted with EtOAc (3 x 50 mL). The combined organic extracts were
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washed with brine (50 mL), dried (MgSO4) and concentrated in vacuo. Flash column 

chromatography eluting with Et2O:petrol (0:100 to 5:95) afforded the TBS-ether 206 

as a colorless oil (19.5 g, 76%); R/ 0.92 (30% Et2O/Petrol); 5H (400 MHz; CDC13 ) 

4.32 (1H, d, J 4.7, SCHS), 3.66 (1H, dd, J 6.9. 3.1, CH2OTBS), 3.56 (1H. dd, J 6.9, 

3.8, CH2OTBS), 2.94-2.84 (4H, m, CH2S), 2.18-2.00 (2H, m, C//2CH2 S), 1.89-1.75 

(1H, m, C//CH3 ), 1.08 (3H, d, J 7.0, 2CH3 ), 0.92 (9H, s, SiC(CH3 )3 ), 0.05 (6H, s. 

Si(CH3 ) 2 ) [lit.,90 colorless oil; 5H (400 MHz; CDC1 3 ) 4.30 (1H, d, J 4.7, SCHS), 3.68 

(1H, dd, J 6.9, 3.1, CH2OTBS), 3.54 (1H, dd, J 6.9, 3.8, CH2OTBS), 2.92-2.86 (4H, 

m, CH2 S), 2.11-2.02 (2H, m, C//2CH2 S), 1.09-1.79 (1H, m, C//CH3 ), 1.06 (3H, d, J 

6.9, 2CH3 ), 0.90 (9H, s, SiC(CH3 )3 ), 0.05 (6H, s, Si(CH3 )2 )].

2-{2-[(5)-2-(^r^-Butyldimethylsilanyloxy)-l-methylethyl]-[l,3]dithian-2-yI}-l- 

phenylethanol 228

OTBS ' ^ ' OTBS

227 206 228

Exact Mass: 412.1926 
Mol. Wt.: 412.7248

The (50.0 mg, 0.171 mmol) dithiane 206 was dissolved in 1 mL of dry and degassed 
THF at 0°C and "BuLi (82.0 |uL, 0.188 mmol, 2.3 M in hexanes) was added dropwise. 
The reaction mixture was stirred at this temperature for 1 h and then the epoxide 227 
(25.0 mg, 0.205 mmol) was added and the reaction mixture was stirred for 3 h at r.t. 
before it was quenched with aq. NH4C1 (1 mL), dissolved in Et2O (2 mL), extracted 
with H2 O (2 mL), dried over Na2 SC>4(s) and evaporated under reduced pressure to 
afford an orange oil. The crude mixture was purified by FCC (Petrol to 10% EtOAc/ 

Petrol) to afford the alcohol 228 (42.3 mg, 60%) as a yellow oil; R/ 0.40 (10% 
EtOAc/Petrol); vmax (CHClO/cm' 1 3302, 3054, 1613, 1586, 1514, 1265; 5 H (400 MHz; 
CDC1 3 ) 7.43-7.27 (5H, m, ArH), 5.23 (1H, d, J 9.5, C//(OH)), 5.13 (1H, d, J 9.7. 

C//(OH)), 4.25 (1H, dd, J 10.0 and 4.1, CH2OTBS), 4.00 (1H, dd, J 10.0 and 3.6, 
CH2OTBS), 3.68-3.61 (2H, m, CH 2 OTBS)), 3.14-2.77 (8H, m, CH>S), 2.57 (2H, dd, J 

15.6, and 9.7. CH(OH)C//2C). 2.51-2.41 (2H, m, CH(OH)C//;C), 2.31 2.19 (2H, m,
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C//CH3 ), 2.11-1.89 (4H, m, C//2CH2 S), 1.61 (2H, s, OH), 1.30 (3H, d, J 6.8, 

C//jCH), 1.22 (3H, d, J 6.8, C//jCH), 0.93 (9H, s, (CH3)3Si), 0.88 (9H, s, (CH3 ) 3 Si), 

0.12 (6H, s, CH3Si), 0.07 (6H, s, CH3 Si); 5C (101 MHz; CDC13 ) 144.9 (C), 128.4 (2 x 

CH), 127.3 (CH), 125.7 (CH), 71.2 (CH), 71.0 (CH), 65.3 (CH2 ), 64.5 (CH2 ), 56.2 

(C), 55.9 (C), 45.2 (CH2), 42.4 (CH), 41.8 (CH), 26.2 (CH2 ), 26.1 (CH2 ), 25.9 (3 x 

CH3 ), 18.3 (C), 13.2 (CH3 ), 12.8 (CH3 ), -5.3 (2 x CH3 ); m/z (CI) 451 (MK+, 47%), 

395 (M(-OH)+, 100%), 323 (32%), (Found: M(-OH)+ 395.1903. C2 

requires M(-OH)+, 395.1899; A 1.0 ppm).

Coupling of ̂ rr-butyl-((5)-2-[l,3]dithian-2-yl-propoxy)-dimethylsilane 206 

and (/0-2-[(fl)-2-benzyloxy-l-methylethyl]-oxirane 205

TMS-

OH 
229

According to the method of Nakata;91 The (50.0 mg, 0.171 mmol) dithiane 206 was 

dissolved in 1 mL of dry and degassed THF at 0°C and "BuLi (82.0 ul, 0.188 mmol, 
2.3 M in hexanes) was added dropwise. The reaction mixture was stirred at this 
temperature for 1 hour and then the epoxide 205 (39.0 mg, 0.205 mmol) was added 
and the reaction mixture was stirred for 3 h at r.t. before it was quenched with aq. 
NH4C1 (1 mL), dissolved in Et2O (2 mL), extracted with H2O (2 mL), dried over 
Na2 SC>4(s) and evaporated under reduced pressure to afford an orange oil. The crude 
mixture was purified by FCC (Petrol to 10% EtOAc/ Petrol) to afford dithiane 229 

(35.0 mg, 70%) as a pale yellow oil; R, 0.38 (10% Et2O/Petrol); [a] 2D5 -12.1 (c. 2.46

in MeOH); vmax (CHCbXcm" 1 3369, 3054, 1422, 1265; 5H (400 MHz; CDC1 3 ) 3.90 

(1H, dd, J 10.1 and 6.0, O/2(OH)), 3.60 (1H, dd, J 10.1 and 7.5, C//2 (OH)), 3.11 (1H, 
dt, J 14.0 and 2.8, CH 2 S), 2.93 (1H, dt, J 14.0 and 2.6, CH 2 S), 2.69-2.61 (2H, m, 

CH2 S, OH)), 2.42-2.34 (1H, m, CH2 S), 2.09-2.01 (1H, m, C//:CH 2 S), 1.86-1.74 (1H, 

m, C//2CH 2 S), 1.19 (3H, d, J 6.9, CHC//j), 0.91 (9H, s, (CH 3 ) 3 Si), 0.08 (6H, d, J 1.9. 
CH 3 Si); 6 L . (101 MHz; CDC1 3 ) 64.6, 42.5, 36.2, 27.5, 27.2, 3 x 25.9. 24.9, 18.4. 13.2, 2
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x -5.4. m/z (electrospray) 406 (76%). 331 (MK+, 32%), 307 (80%), 293 (MH+ , 34%) 

243 (78%) (Found: MH+ 293.1429. Ci 3 H2 8OiS 2Sii requires MH+ 293.1429; A 0.0 

ppm).

^r^-Butyl-((5)-2-[l,3]dithian-2-yl-propoxy)-diphenylsilane230 108

OTBDPS

226 230
0231132^-' 0201

Exact Mass: 416.1664
Mol. Wt.: 416.7151

To a solution of alcohol 226 (560 mg, 3.15 mmol) in THF (5 mL) was added 

imidazole (429 mg, 6.30 mmol) and TBDPSC1 (1.23 mL, 4.73 mmol) and the 

resultant mixture stirred overnight at r.t., then diluted with EtOAc (5 mL) and 

partitioned with saturated NH4C1 solution (5 mL). The aqueous phase was separated 

and extracted with EtOAc (3x5 mL). The combined organic extracts were washed 

with brine (5 mL), dried (MgSO4) and concentrated in vacua. FCC eluting with 

Et2O:petrol (0:100 to 5:95) afforded the TBDPS-ether 230 (1.20 g, 92%) as a

colourless oil; R/ 0.87 (10% EtOAc/Petrol); [a] 2D2 -28.3 (c. 0.36 in MeOH); vmax

(CHCl3 )/cm-' 3070, 2930, 1472, 1427, 1106; 5H (400 MHz; CDC1 3 ) 7.48-7.40 (6H, m, 

ArH), 7.74-7.71 (4H, m, ArH), 4.45 (1H, d, J 4.8, SCHS), 3.80 (1H, dd, J 10.0 and 

5.9, CH2OTBDPS), 3.67 (1H, dd, J 10.0 and 6.9, CH2OTBDPS), 3.00-2.86 (4H, m, 

CH2S), 2.22-2.08 (2H, m, C//2CH2S), 1.94-1.80 (1H, m, C//CH3 ), 1.11 (12H, bs, CH3, 

SiC(CH3 )3 ). 6C (101 MHz; CDC13 ) 2 x 135.7, 2 x 135.6, 133.8, 133.7, 2 x 129.7, 4 x 

127.7, 65.7, 51.7, 41.2, 31.3, 30.7, 3 x 27.0, 26.4, 19.4, 14.0; m/z (CI) 434 (MNH4+, 

18%), 339 (100%), (Found: MNH4+, 434.2017. C 2 3H36NiOiSiiS2 requires MNH4+ , 

434.2008; A 2.2 ppm).
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5. Appendices
Appendix 1: Purification of Reagents

All chemicals were handled in accordance with COSHH regulations. All reagents 

were used as commercially supplied unless specified otherwise below:

Butyl lithium

Solutions of butyl lithium and tert-butyl lithium were used as supplied by Aldrich and 

titrated with diphenylethanoic acid immediately prior to use. 109

Diisopropylamine

Refluxed over NaH and distilled into a dry receiver under nitrogen. The fraction 

boiling at 82-84°C at 760mmHg was collected. 110

Methyl iodide
Purified by shaking with dilute aqueous ^28263 until colourless, then washed with 

water, dilute aqueous Na2CO^, and more water, dried with CaCL and distilled. The 

fraction boiling at 41-43°C at 760mmHg was colected and it was stored in a brown 

bottle away from sunlight. 110

Chromium (II) chloride (anhydrous)
Obtained from the dihydrate by heating in vacuo at 180°C and stored in air tight 

container. 110

Copper iodide
It was freshly prepared by dissolving an appropriate quantity of Cul in boiling 

saturated aqueous Nal over 30 min. The solution was cooled and diluted with water, 

followed by filtering and washing sequentially with H2O, EtOH, EtOAc and Et2O, 

pentane, then drying in vacuo for 24 h.

Iodine
Sublimed under vacuum with CaO.
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Zinc trifluoromethanesulfonate
Dried at 125°C for 2h at 3mmHg. 110

Zirconocene dichloride (bis[cyclopentadienyl]zirconium dichloride)
Purified by recrystallisation from CHCh, dried in vacuum and stored in the dark under 
NT as it is moisture sensitive. 112



Appendix 2: NOESY and COSY spectra
( 1S)-((2^,5/?)-5-Ethoxycarbonylmethyl-tetrahydro-furan-2-yl)-hydroxy-acetic 

ethyl ester 84b
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(^)-[(2/?,55)-5-Ethoxycarbonylmethyltetrahydrofuran-2-yl]-hydroxyacetic acid ethyl 
ester 84a

EtO OEt

84a

COSY spectrum
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Appendix 3: HPLC chromatograms
HPLC conditions and results for measuring the configurations

(2E, 6/?, 75)-Dihydroxy-oct-2-enedioic acid diethyl ester 87

EtO ,OEt

\AVD1 A V.s.aeng-h 2£4nm [001-0101. D)

"*" j 9

1
100T

; «H

so -

R

.; 9 _ __ _U I

0 10 20

Column Conditions11 tm (configuration) tmc (configuration)
Chiralcel OD 254; 8:92; 0.8 16.4 (S,R) 20.3 (R,S)

a wavelength (nm); eluent system ('PrOH/hexane); flow rate (mL/min), retention time (minor compound), 

c retention time (major compound).

(2E, 65, 7/?)-Dihydroxy-oct-2-enedioic acid diethyl ester ent-87

EtO ,OEt

enf-87
WVD1 A, Waveterg*Ji-254 nrn ;001 OJ01 0}

1 \
-s , V

-10-1

Column
Chiralcel OD

Conditions11
254; 10:90; 0.8

tm ' (configuration)
1.9(5,7?)

f,,,c (configuration)
6.0 (/?,5)

a wavelength (nm); eluent system ('PrOH/hexane); flow rate (mL/min), retention time (major compound), 

: retention time (minor compound).
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(5)-{(2/?,5/?)-5-[(/?)-Ethoxycarbonyliodomethyl]-tetrahydrofuran-2-yl}-hydroxyacetic 
acid ethyl ester 116a

O

OEt
I OH 
116a(3-H20

Before recrystallisation
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Conditions11 tm (configuration) tmc (configuration)
254; 10:90; 0.05 153.8 (R) 164.0(5)

a wavelength (nm); eluent system ('PrOH/hexane); flow rate (mL/min), retention time (major compound), 

retention time (minor compound).
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(S)-4-Methylene-l-trimethylsilanyloct-l-yn-3-ol 158

IMS
158

VWD1 A, Wave!~n3tlv-254 nin (PVCOOOD1 D)
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tm (configuration)
4.61 (K)

tmc (configuration)
4.91 (5)

a wavelength (nm); eluent system ('PrOH/hexane); flow rate (mL/min), retention time (minor compound), c 
retention time (major compound).
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Appendix 4 

(E)-(S)-l-Bromo-2-methyl-4-methyleneoct-l-en-3-ol 144b

144b

Racemic-mixture [CDCl}; Eu(facam)3 ]

P p
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3,3,3-Trifluoro-2-methoxy-2-phenyl-propionic acid (5)-2-methylene-l- 

trimethylsilanylethynylhexyl ester 159a and 3,3,3-trifluoro-2-methoxy-2-phenyI- 

propionic acid (/?)-2-methylene-l-trimethylsilanylethynylhexyl ester 159b

O-MTPA(S)

TMS
159a

O-MTPA(fl)

TMS
159b
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Appendix 5 

X-ray Crystal structure data

0(17A)
s* -v 

f \ 0(17) 0(13)
a

C(4)

C^J
0(8) X

0
C(10)

Figure 11: ent-H6b as monomer.
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K11A)

0(1701 V - n OI17CI 2 - -^ °«7AI V - n 0(17) 9 , -U «17B1 ,..,

Figure 12: ent-116b as tetramer.
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Crystal data and structure refinement for ent-H6b.

Identification code AA0501

Empirical formula C12H19IO6

Formula weight 386.17

Temperature 173(2) K

Diffractometer, wavelength OD Xcalibur 3, 0.71073 A

Crystal system, space group Orthorhombic,P2( 1)2(1)2(1)

Unit cell dimensions

Volume, Z 

Density (calculated)

Absorption coefficient

F(OOO)

Crystal colour / morphology

Crystal size

0 range for data collection

Index ranges

Reflns collected / unique

Reflns observed [F>4o (F)]

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F^ 

Final R indices [F>4a (F)] 

R indices (all data) 

Absolute structure parameter

Largest diff. peak, hole

Mean and maximum shift/error

a = 90°

(3-90°

= 90°

a = 5.4035(3) A 

b= 15.5140(7) A 

c - 18.4077(6) A

1543.12(12) A3 , 4 

1.662Mg/m3

2.093mm- 1

768

Colourless needles

0.20x0.12x0.09 mm3 

4.37 to 32.69°
-4<=h<=8, -23<=k<=23, -27<=1<=27

17339 / 5337 [R(int) = 0.0190]

4272

Numeric analytical

0.84173 and 0.70345

Full-matrix least-squares on 

5337/1/176

1.087

Rl = 0.0277, wR2 = 0.0640

Rl = 0.0361, wR2 = 0.0666

-0.014(13)

0.748, -0.598 eA'3 

0.000 and 0.001

169



Bond lengths [A] and angles [°] for ent-lllb.

0(1)-C(2) 1.436(2)

O(1)-C(5) 1.438(2)

C(2)-C(6) 1.523(3)

C(2)-C(3) 1.539(3)

C(3)-C(4) 1.541(3)

C(4)-C(5) 1.503(3)

C(5)-C(12) 1.531(3)

C(6)-C(7) 1.508(3)

C(6)-I(11) 2.1638(18)

C(7)-O(7) 1.201(2)

C(7)-O(8) 1.331(3)

O(8)-C(9) 1.466(3)

C(9)-C(10) 1.480(4)

C(12)-O(17) 1.414(2)

C(12)-C(13) 1.514(3)

C(13)-O(13) 1.197(3)

C(13)-O(14) 1.334(3)

O(14)-C(15) 1.459(3)

C(15)-C(16) 1.499(4)

C(2)-O(1)-C(5) 107.48(13)

O(1)-C(2)-C(6) 106.85(15)

0(1)-C(2)-C(3) 106.48(15)

C(6)-C(2)-C(3) 113.68(16)

C(2)-C(3)-C(4) 104.43(17)

C(5)-C(4)-C(3) 103.02(16)

0(1)-C(5)-C(4) 105.02(16)

0(1)-C(5)-C(12) 107.33(15)

C(4)-C(5)-C(12) 116.49(16)

C(7)-C(6)-C(2) 112.82(15)

C(7)-C(6)-I(11) 105.27(12)

C(2)-C(6)-I(11) 110.77(13)
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0(7)-C(7)-0(8) 124.2(2)

O(7)-C(7)-C(6) 124.3(2)

0(8)-C(7)-C(6) 111.51(16)

C(7)-0(8)-C(9) 116.09(19)

O(8)-C(9)-C(10) 110.9(3)

O(17)-C(12)-C(13) 107.34(15)

O(17)-C(12)-C(5) 112.89(18)

C(13)-C(12)-C(5) 109.83(16)

O(13)-C(13)-O(14) 124.5(2)

O(13)-C(13)-C(12) 124.5(2)

O(14)-C(13)-C(12) 111.03(17)

C(13)-O(14)-C(15) 116.05(18)

O(14)-C(15)-C(16) 109.9(2)
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