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Chapter 3

Synthesis of a methoxy mycolic acid

3.1 Introduction

3.1.1 Why synthesize mycolic acids?

Except for the mycolic acid motif, very little is known about the stereochemistry of the other
chiral centres in the mero chain. It is also not known whether the stereochemistry is important
at all. There are a few unanswered questions that need investigation: does the stereochemistry
influence the folding of the molecule? Is it necessary for infection, evasion of the immune
system, for survival in the host or any for biological activity? Is the methoxy-MA really more
important than the- and keto-MA? Is there one specific MA responsible for all this, or is it a
combination of some of them, or all of them? These are complex molecules that are found in a
variety of combinations of different functional groups as well as different chain lengths. How
important the chain length and the position of the functional groups are and what exactly the

structural requirements for functionality and antibody recognition are, remain to be discovered.

Apart from separation of MAs by TLC and HPLC, chemical synthesis provides another way
for investigating the structure of MAs. Stereochemically controlled single enantiomers and
diastereomers, which can not be separated and purified from natural MAs extracts, can be

synthesized and the biological activity of each can be investigated separately.

3.1.2 Previous synthesis of mycolic acids

In 1982 Huanget al. (80) reported the total synthesis of naturally occurring monoalkene MAs
from M. smegmatisThey synthesizedE)- and (Z)-threo2-docosyl-3-hydroxytetracont-21-
enoate. The key feature of this synthesis was the incorporation of the 2-docosyl side chain and
functionalized main chain (R) in a regiospecific manner. The mycolic acid motif was

synthesized by alkylation of methyl aceto acetate at C-2 with 1-iododocosane (Figure 3.1).
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Figure 3.1: Synthesis of a monoalkene MA from M. smegmatis (80).

Al Dulayymi et al. (6, 7) described the synthesis of a single enantiomer of aanisiérof M.
tuberculosis(labelled MB for this study). They had a different approach to synthesizing the
mycolic acid motif than reported by Huaagal. (80). Figure 3.2 shows how they started from

a ring opening of the epoxide) with a Grignard reagent prepared from 9-bromo-nonan-1-ol
tetrahydropyranyl ether which led to a single enantioméb)fThis was converted, in a few
steps, to the didkc). The next step was the protection of the primary alcohol and the alkylation
of thea-carbon to give the estél). Acetylation of the3-hydroxy, deprotection and oxidation

of the primary alcohol yielded the aldehy(®, which was coupled to the dicyclopropane

sulfone (f)in a modified Julia reaction to give the proteateMA (g).
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Figure 3.2: Synthesis of protectedMA, modified from (7).

They also reported the synthesis of single enantiomers of a mero MA (8) and one isomer of the
a-methyltrans-cyclopropane unit (5) (Figure 3.3).
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Figure 3.3: a-Methyl-trans-cyclopropane mero aldehyde (5).
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Coxonet al. described the synthesis of enantiomers of lactobacillic acid and MA analogues

(37, 39) containingciscyclopropanes, as well as the synthesis of methyl B;219-(2-

octadecylcyclopropane-1-yl)pentanoate and othel9 chiral cyclopropane fatty acids and

esters related to mycobacterial MAs (38). These (shown in Figure 3.4) were assayed for

inhibition of MA biosynthesis using a cell-wall preparation fréin smegmatis. The assay

measured elongation of endogenous fatty acid precursors associated with the cell wall extracts.

From all the analogues testéW,) and(XI1) showed marginal inhibition of MA biosynthesis,

whereas the other all stimulated biosynthesis. Stimulation might be a result of direct

incorporation of the long-chain cyclopropane compounds, but extensive investigation is

necessary.
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Figure 3.4: (1R,2S) Long-chainaw 19 cyclopropane fatty acids and esters related to mycobacterial MAs (38).
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3.1.3 Cholester ol and mycolic acids

Siko (134) investigated cholesterol binding to MAs and found that if a biosensor cuvette
surface was coated with natural MAs in liposomes, cholesterol accumulated onto the surface.

This was not seen when empty PC liposomes were added to the MA surface (Figure 3.5).
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Figure 3.5: Biosensor binding profile of cholesterol on a MA-coated surface. Chol = binding profile after

addition of cholesterol/PC99 liposomes; PC99 = binding profile after adding PC99 liposomes (134).

Based on this observation and results from ELISA, where antibody binding to MAs were also
found to bind cholesterol, a possible existence of molecular relatedness between MAs and
cholesterol and different MAs folding structures was investigated. Benadie (24) found that if a
biosensor surface was coated with either MA or cholesterol, Amphotericin B (a known
bactericide) accumulated onto the MA or cholesterol surface. This further supports a structural
and functional relation between MA and cholesterol. A folded structure of the oxygenated MA
species (methoxy-MAs and keto-MAs, Figure 3.6) was drawn that could explain such a
possible structural relation. The methoxy-MAs could assume a folded structure in which
relation to cholesterol could be seen. The methoxy-group of MAs corresponds to the hydroxyl
position of cholesterol. In the folded structure with all the oxygenated groups on one side of
the molecule and a hairpin bend induced by the cyclopropane moiety in the long hydrocarbon
chain of MAs, a ‘mimicry’ of the structure of cholesterol appeared feasible. Keto-MAs would
probably not ‘mimic’ cholesterol, as the plane introduced by the double bond between the

oxygen and carbon might prevent formation of such a structure.
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Figure 3.6: The structures representing the possible molecular mimicry between the methoxy-MAs, keto-MAs and
cholesterol (134).
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3.2 Aim
The aim was to synthesize the diastereomer (Figure8)of the previously synthesizeis-

cyclopropane methyl methoxy-MA, synthesised by Dr J. Al Dulayymi (University of Wales,
Bangor, UK) (Figure 3.7 B), in order to prove the stereochemistry of tigecyclopropane

and to determine the biological activity/antigenicity of different synthesized MAs.
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Figure 3.7: The two diastereomers of cis-cyclopropane methyl methoxy-MA

3.3 Synthesis of a methoxy mycolic acid

3.3.1Results and discussion
The MA can be decoupled to give the mycolic acid motif and the meromycolate chain. In turn,

the meromycolate chain can be decoupled to give the methoxy part and the cyclopropane part

as shown in Figure 3.8. The synthesis of these different parts and the coupling to get the full

MA is described and shown in Figures 3.9-3.19.
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Figure 3.8: Retrosynthesis of (R)-2-{(R)-1-acetoxy-18-(1S,2R)-2-((17R,18R)-17-methoxy-18-methylhexatri-

acontyl)-cyclopropyl}-octadecyl}-hexacosanoic acid.

To synthesizeis-methyl methoxy-MA(1), D-mannitol was used as starting material. The two
terminal hydroxyl groups on each end were protected by being stirred in acetone apd ZnCl
then the 1,2 diol was oxidised to the aldehyde and attached to triethyl phosphonoacetate in a
Wittig reaction to give the alker(&). A methyl group was added to tRecarbon in a Michael

addition in dry ether at -78 °C. The reduction of the dgjeusing lithium aluminium hydride
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in dry THF gave the alcoh@b), which was oxidised using PCC in dichloromethane to give the

aldehyde (6jas shown in Figure 3.9.
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Figure 3.9: Synthesis of (R)-3-((S)-2,2-dimethyl-[1,3]-dioxolan-4-yl)-butyraldehyde.

The’H NMR spectrum of3) showed two double doublets for the protons at the double bond
at 6.85 ( 5.65, 15.75 Hz) and 6.07 (J 1.6, 15.75 Hz) respectively. IlHHEMR of (4),
these signals disappeared and it showed a doubde0.88 (0 6.6 Hz) for the methyl group.
The IR spectrum of the alcoh(®) showed a broad peak at 3426 tfor O-H stretching. The

'H NMR spectrum of the aldehyq8) showed a triplet for the proton of the aldehydd @79

(J 1.9 Hz) and thé*C NMR spectrum included the carbonyl signad201.7.

5-(Hexadecane-1-sulfonyl)-1-phenyHitetrazole (9) was synthesized, as shown in Figure
3.10, to extend the chain length of the aldeh{@jefrom G, to G7. 1-Bromohexadecang@)

was reacted with 1-phenyHttetrazole-5-thiol and anhydrous potassium carbonate in acetone
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to give the sulfidg8) which was oxidised with ammonium molybdate (VI) tetrahydrate and
H,0, in THF and IMS to give (9)

/N
N
I \>7$H
N\N
\
Ph S \
K,CO =N
Yy - AyAag N

\j

15 Acetone N—N
% 63% Ph
(®
(NH4)eM070,44H,0 / H,0,
THF/IMS
80%
(@]
Il N
7
15 ° 0O Vi
N—nN

Figure 3.10: Synthesis of 5-(Hexadecane-1-sulfonyl)-1-phenyl-1H-tetrazole.

The'H NMR spectrum of9) showed the phenyl group protons as two multiplets7a70 and
7.61, and a distorted tripleta3.73 J 7.85 Hz) for the two chain protons next to the sulfone.

The aldehydd6) was reacted with 5-(hexadecane-1-sulfonyl)-1-phenyl-1H-tetrg@plen a

Julia reaction using lithium bis(trimethylsilyl)amide in dry THF to give two isomers of the
olefin. These both gaveé)2,2-dimethyl-4-(R)-1-methyl-nonadecyl-[1,3]-dioxolar{&0) after

being hydrogenated by using Pd on C as a catalyst, as shown in Figure 3.11. The dioxolane
group was deprotected usipegtoluenesulfonic acid in methanol, THF and water to give the
diol (11). The epoxide(12) was formed by reacting the di¢ll) with p-toluenesulfonic
chloride, sodium hydroxide and cetrimide in dichloromethane and this was protected and the
chain length extended in a Grignard reaction with 6-tetrahydropyranyloxyheptyl magnesium
bromide and copper iodide in THF to give 2R(8R)-8-hydroxy-9-methyl-heptacosyloxy)-
tetrahydropyrar{13). The hydroxyl group was changed to a methoxy-group in a reaction with
methyl iodide and sodium hydride in THF to give the methyl methoxy-comp@dThe
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THP group was deprotected by usmtpluenesulfonic acid monohydrate and the alc¢hb)

was oxidized to the aldehyd&g] using PCC in dichloromethane as shown in Figure 3.11.

)1

©)

T
NI

N—N
/
Ph
%o 1. LiN(SiMey),

THF 5
77% _ /M

[lTe)

’ /O 17
2.H,
©) Pdon C E (10)
99%
p-Toluenesulfonic acid
MeOH/THF/H,0
99%

OH
NS NaOH .:
M B Cetrimide /H\/'\/OH
o CH,Cl, Vi
£ 88% =
(12) (11)
Cul MgBr\H/O
THF 7
O
74%
oH o
o o NaH H
Y THF - O. O.
7 7 _— 77 .
H Methyl iodide H
. E
13) B4 14
p-Toluenesulfonic
acid monohydrate
THF/MeOH/H,0
97%
~
2 e
: PCC i
X < OH
17 0 17 3
H 6 CH,Cl, : -,
= 75% E
(16) (15)

Figure 3.11: Synthesis of (8R,9R)-8-methoxy-9-methyl-heptacosanal.

The 'H NMR spectrum of(10) showed two singlets a 1.41 and 1.36 for the two methyl
groups of the protecting group which disappeared after deprotection. The IR spectrum of the
66
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diol (11) showed a broad peak at 3283 tand that of13) showed a broad peak at 3360°tm
both for O-H stretching. ThéH NMR spectrum of the methyl methoxy-compoufidt)
showed a singlet & 3.34 for the methyl group on the oxygen. The IR spectrum of the alcohol
(15) showed a broad peak at 3373 cfor the O-H stretching. ThéH NMR spectrum of the
aldehyde(16) included a triplet for the proton of the aldehyd® 8t79 ¢ 1.9 Hz) and thé°C

NMR spectrum included the carbonyl signad&01.7.

Triethylamine

/H\ HB dimethylaminopyridine
r
HO g OH —_— HO/Q\Br Trimethyl acetyl chloride -
Toluene
o

CH,CI
500 oCly
a7 ° (18) 89%

K,CO4
Acetone

90%|
I
/H\/ T /N\
o 7 L\r N (NH2)gM07044H,0 1 H,0, \r N\
o /'

THF/IMS N—

\>75H

89%
(21) (20)

Figure 3.12: Synthesis of 5-(1-octanolpivalate-8-sulfonyl)-1-phenyl-1H-tetrazole.

5-(1-Octanolpivalate-8-sulfonyl)-1-phenyHitetrazole(20) was prepared to extend the chain

of the aldehyd€16) from C; to G5, as shown in Figure 3.12. Bromination of the dial) was

done by refluxing the diol with HBr in toluene, and then the alcohol group on 8-bromo-octan-
l-ol (18) was protected with trimethyl acetyl chloride, triethylamine and
dimethylaminopyridine in dichloromethane to give 2,2-dimethyl-propionic acid 8-bromo-octyl

ester (19) The Julia reagent (21yas then prepared as described beforédor

The ™ NMR spectrum of21) showed the phenyl group protons as two multiples 69
and 7.61, a triplet for the two protons next to the oxygéndad4 ( 6.6 Hz), a distorted triplet
atd 3.73 (0 7.85 Hz) for the two protons next to the sulfone and a singbel 419 for the three
methyl groups of the protecting group. TH€ NMR spectrum included the carbonyl signal at
0178.5.
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Figure 3.13: Synthesis of 5-((16R,17R)-16-methoxy-17-methyl-pentatriacontane-1-sulfanyl)-1-phenyl-1H-

tetrazole.

then reacted with the aldehydé) using lithium

The tetrazole (21) was
bis(trimethylsilyl)amide in dry THF to give two isomers of the olefin which were saturated

with hydrogen using Pd on C as catalyst to give comp@22)d as shown in Figure 3.13. The
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ester(22) was hydrolised to the alcoh®#3) using KOH in MeOH and THF, which was then

9

brominated usingN-bromosuccinimide and triphenylphosphine in dichloromethane to give

(24). The Julia reager{26) was prepared as described beforg®r

The'H NMR spectrum 0f22) showed a singlet & 1.19 for the three methyl groups of the
protecting group which disappeared after deprotection of the THP group. The IR spectrum of
the alcoho23) showed a broad peak at 3426 tfor O-H stretching which disappeared after
bromination (24)

The addition of sodium methoxide to a mixture of methyl chloroacetate and methyl acrylate
gave thecis- and trans- isomers of the cyclopropane est@ra, 27b). The cisisomer was
successfully separated by column chromatography and was reduced to tlig8dith
lithium aluminium hydride in THF. The diol was then protected with butyric anhydride to give
the diester(29), which was enzymatically hydrolysed to give a single enantiomer of the
hydroxyl cyclopropane estgf30). The Julia reagen(33) was prepared from the bromo
cyclopropane est€Bl) as shown in Figure 3.14.

The'H NMR spectrum of theis-cyclopropan€27b) showed a double doublet&®.08 ( 6.9,

8.5 Hz) and two triplet of doublets atl.70 0 5, 6.6, 13.2 Hz) and 1.26 J 5.05, 8.55, 16.7

Hz) for the four protons of the cyclopropane, and a singlét3af0 for the two methyl groups

of the diester, which disappeared after reduction to the alcohol**ThBIMR spectrum of
showed the carbonyl signal &t170.21. ThéH NMR spectrum of the alcoh@B0) showed a
double doublet ab 4.46 0 5.7, 12 Hz), a multiplet & 3.83 and a double doublet&B.39 (

9.15, 11.65 Hz) for the protons next to the oxygen atoms. The cyclopropane ring protons
appeared as a multiplet at1.30, a triplet of doublets & 0.84 ( 5.05, 8.5, 16.7 Hz) and a
quartet atd 0.22 ( 5.65 Hz). The IR spectrum showed a broad peak at 3426femO-H
stretching and the optical rotation was +16.95. *h&MR spectrum of the Julia reagéB8)
showed the phenyl group protons as two multiplets @70 and 7.63, four double doublets at
54.37 05.7, 12.3 Hz)p 4.03 (0 5.4, 14.85 Hz)d 3.92 (1 8.2, 12 Hz) and 3.67 (0 8.85, 15.15

Hz) for the protons next to the sulfone and oxygen atoms, respectively. The protons of the
cyclopropane ring appeared as a multipled &4t49, a triplet of doublets &1.03 ¢ 5.7, 8.5

Hz) and a quartet &0.60 ( 5.7 Hz).

69



YUNIBESITHI YA PRETORIA

ol
o
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
=t

i + o e O\ﬁ"%ﬂ/ N
cl\)J\o/ \)J\o - NaOMe o)

O
20% + (27a)
O. o)
P TAY -
o 0 (27b)
THF
LiAIH,
Pr. OA/O Pr Butyric anhydride
< HO. OH
reflux
0 0 68%
(29) (28)
Lipase
H,O
Ethylene glycol
3C

2%

Triphenylphosphine
N-Bromosuccinimidg
HOVA/O Pr oS Br ° Pr
\H/ CH,Cl,

88% (31)

(30) o o
N
K,cOs | N7 \
Acetone II SH
N—
88% N
\
Ph
0
N !\/A\/O Pr /N\ s °© Pr
o)
\\N/N N—N 0

0 (32)
(33) (NH,)§M070244H,0 / H,0,
THF/IIMS
93%

Figure 3.14: Synthesis of butyric acid cis-2-(1-phenyl-1H-tetrazole-5-sulfonylmethyl)-cyclopropyl methyl ester.

The Julia reagent33) was coupled with 6-bromo-hexan@4) to elongate the carbon chain
next to the cyclopropane fromy @ G using lithium bis(trimethylsilyl)amide in dry THF to
give two isomers of the olefin which were saturated with hydrogen using 2,4,6-
triisopropylbenzene sulfonohydrazide to give butyric acid 2-(7-bromo-heptyl)-cyclopropyl

methyl estel(35), as shown in Figure 3.15. The e{&%) was then hydrolysed to the alcohol
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(36) and then oxidised to the aldehy@) by using PCC in dichloromethane to be coupled to
the Julia reagent (26)

+ Br

@ : :
S0,

NHNH,

Br o Pr
\H/ K,COs Br OH
—»
7
o MeOH/THF .

35) 45T

85% (36)

PCC
CH2Cl,
76%

\\\\\\\ “ay,, AT

@7

Figure 3.15: Synthesis of 2-(7-bromo-heptyl)-cyclopropane carbaldehyde.

The'H NMR spectrum of the bromocyclopropane e§88) showed two double doublets &t
4.19 ¢ 6.9, 11.65 Hz) and 3.93 (¢ 8.8, 11.65 Hz) for the two protons next to the oxygen
which shifted tad 3.65 ( 7.25, 11.35 Hz) and 3.57 (0 8.2, 11.35 Hz) for the two protons next
to the hydroxyl group of the bromo cyclopropane alcd36). The optical rotation for the
alcohol was +12.87. ThéH NMR spectrum of the aldehyd87) showed the proton of the
aldehyde as a doublet @9.37 ( 5.4 Hz), a triplet ad 170.21 { 6.6 Hz) for the two protons
next to the bromine and the protons of the cyclopropane appeared as a muldiletGatand
two triplet of doublets ab 1.24 ( 4.75, 7.9 Hz) and 1.19 ( 5.05, 6.6 Hz). Thé’*C NMR
spectrum included the carbonyl signalda201.64 and the optical rotation was measured as

+8.19 (-10.1 reported by Dr. J. Al Dulayymi for the enantiomer).
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Figure 3.16: Synthesis of 5-(7-[1R,2S]-2-((17R,18R)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropyl)-heptyl

sulfanyl)-1-phenyl-1H-tetrazole.

The Julia reagent(26) and the aldehyde (37) was coupled using lithium
bis(trimethylsilyl)amide in dry THF to give two isomers of the olefin which were saturated
with hydrogen using 2,4,6-triisopropylbenzene sulfonohydrazide to give 1-(7-bromo-heptyl)-2-
((17R,1&R)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropafd8) from which the Julia
reagent(40) was prepared, as shown in Figure 3.16. This was prepared to be coupled to the

mycolic acid motif.

The'H NMR spectrum of the Julia reagdnf) showed two multiplets & 7.71 andd 1.70 for
the protons of the phenyl group and a distorted triplét3a?4 ( 7.9 Hz) for the two protons
next to the sulfone. The methyl group on the oxygen appeared as a sidgseB%t the other
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two methyl groups as a triplet at0.89 ¢ 6.65 Hz) and a doublet &t0.86 (J 6.65 Hz). The

a3

cyclopropane ring protons appeared as a multiplétGa66, a triplet of doublets &t0.58 (
3.75, 7.85 Hz) and a quartet&t0.32 0 5.05 Hz) and the optical rotation was measured as
+4.4 (+4.13 reported by Dr J. Al Dulayymi for a diastereomer).

To synthesize the mycolic acid motif, 8-bromo-octan-1-ol was used as starting material, the
alcohol was protected with THP in dry dichloromethane and the bromide was replaced with
iodide while being stirred in acetone and NaHCQO give (41). This was coupled with
propagyl alcohol in liquid ammonia to extend the carbon chain frgrto @;; to give two
isomers of the olefin which were saturated with hydrogen using nickel acetate tetrahydrate to
give the alcoho{42), which was protected with trimethyl acetyl chloride in dichloromethane to
give the este(43) as shown in Figure 3.17. The e<#43) was then hydrolysed to the alcohol

(44) by usingp-toluenesulfonic acid monohydrate in THF, methanol and water. The alcohol
was then oxidised to the aldehy@b) by using PCC in dichloromethane to be coupled to
(methoxycarbonylmethylene)-triphenylphosphorane as shown in Figure 3.17.

The 'H NMR spectrum of the alcoh@#4) showed a singlet a 1.19 for the three methyl
groups of the protecting group and the IR spectrum showed a broad peak at 3384 ©a
stretching. ThéH NMR spectrum of the aldehyd45) showed the proton of the aldehyde as a
triplet atd 9.76 ( 1.55 Hz) and a singlet at1.19 for the three methyl groups of the protecting
group. The"*C NMR spectrum included the carbonyl signal$ 202.83 for the aldehyde and
atd 178.62 for the protecting group.
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1. 3,4-Dihydro-2H-pyran
Pyridinium-p-toluene sulfonate

Dry CH,Cl,
99%
Br\Q/OH - |\®/O o}
8 2. Nal 8
NaHCO;
Acetone (41)

89%

1. Liquid ammonia
Lithium wire
Propagy! alcohol
94%

N

. Nickel acetate tetrahydrate
Ethanol
NaBH,
Ha

Y 83%

Dimethylaminopyridine

O O O
\ea/ Trimethyl acetyl chloride HO o 0.
11 - \9/
o] CH.Cl, 11 U

3 99%
(43) 42)

p-Toluenesulfonic acid monohydrate

THF/methanol/H,O
80%
o \@/OH PCC
CH,CI, %
11 —_— \
o 86% 10
(6]
(44) (45)

Figure 3.17: Synthesis of 2,2-dimethyl-propionic acid-11-oxo-undecyl ester.

The aldehydd€45) was coupled to (methoxycarbonylmethylene) triphenylphosphorane to give
13-(2,2-dimethyl-propionyloxy)-tridec-2-enoic acid methyl es{é6) which was oxidized
using (DHQD)PHAL, KsFe;, potassium carbonate, osmium tetroxide and methane sulfone
amide to give the digl47). This was reacted with thionyl chloride in G@nd then oxidized

with NalO, and ruthenium trichloride hydrate to give the cyclic sulfone €48y which was
stirred in DMAC and sodium borohydrate to give the alcohol €d4®r The acidic proton
between the hydroxyl and the carbonyl groups was removed with freshly prepared LDA and
coupled to allylic iodide to give the allyl ester (p8% shown in Figure 3.18.
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Ph3P=CHCOOMe
O. —_— o
\W\O Toluene \ o/
10

85% 10

o o]
(45 (46)
(DHQD),PHAL ligand
K3Fe(CN)g
K,CO3
Osmium tetroxide
tert-Butyl alcohol
Methane sulfoneamide
99%
/ 1. Thionyl chloride OH o
/ CCl,
-~ o S
2. Acetonitrile R O/
RuCl;.4H,0 10
Nalo, o OH
Water
(48)
56% “n

NaBH,
H,O
Sulfuric acid

52%

1. Diisopropylamine

OH o}
\W‘\ Butyl lithium
Dry THF O R
— R™S o
2. Allyl iodide 10 H
HMPA o] B
(49) 55% 50 \”

Figure 3.18: Synthesis of (2R,3R)-2-allyl-[11-(2,2-dimethyl-propionyloxy)-1-hydroxy-undecyl]-pent-4-enoic acid
methyl ester.

The 'H NMR spectrum 0f(46) showed the two protons of the double bond as two double
triplets atd 6.79 (0 6.95, 15.45 Hz) and &5.81 (J 1.6, 15.45 Hz) which disappeared after the
oxidation to the diol47). IR spectrum of47) showed a broad peak at 3449 cfor the OH-
stretching. ThéH NMR spectrum of the cyclic sulfor{@8) showed the two protons next to
the oxygens bound to the sulfone as a double of tripleds4a®5 (0 5.05, 7.25 Hz) and a
doublet at> 4.89 § 7.25 Hz). ThéH NMR spectrum of the alcoh@54) showed two double
doublets for the two protons between the hydroxyl group and the carbonyl gré@p5at

3.15, 16.4 Hz) and 2.41 (J 9.15, 16.5 Hz) and the IR spectrum showed a broad peak at 3517
cm’ for OH-stretching. ThéH NMR spectrum of the allylic est¢50) showed a multiplet &

5.75, a double doublet &t5.11 § 0.95, 17 Hz) and a broad double®d.05 ( 10.05 Hz) for
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the three protons of the double bond. The IR spectrum showed a peak at 358 GHi-
stretching and a peak at 1642 tfor the double bond.

Methyl (2R,3R)-3-acetoxy-2-tetracosanyl-13-hydroxytridecandafg (kindly provided by Dr

J. Al Dulayymi, University of Wales, Bangor, UK) was oxidised to the alde(B2)eby using

PCC in dichloromethane. This was coupled to the Julia rea@#)t using lithium
bis(trimethylsilyl)amide in dry THF to give two isomers of the olefin, which were saturated
with hydrogen using dipotassium azodicarboxylate to give the full protected methoXg3y1A

The final step was the elimination of the OAc and the methyl group to give the final product

(1) as shown in Figure 3.19.

HO.

(51)
P
2C|2
96%

R

52) l\\
(40) ( 23
1. LiN(SiMe),
Dry THF

60%

2. Dipotassium azodicarboxylate
THF/MeOH
Acetic acid

By (M/

IIIO

Lithium hydroxide monohydrate
THF/MeOH/H,0O

Figure 3.19: Synthesis of (R)-2-{(R)-1-hydroxy-18-(1S,2R)-2-((17R,18R)-17-methoxy-18-methyl hexatri acontyl)-

cyclopropyl}-octadecyl-hexacosanoic acid.
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The'H NMR spectrum of the protected M{&3) showed double triplets &t5.09 (J 3.8, 7.9
Hz) for the proton next to the OAc group and two singlets&69 and 3.35 for the protons

of the two methoxy groups. The proton next to the methoxy-group appeared as a mulliplet at
2.96, thea proton appeared as a double double doublé®a62 (J 4.4, 6.95, 14.8 Hz) and the
protons of the methyl group of the OAc group appeared as a singlé?.@4. The spectrum
also showed a triplet &0.89 ( 6.6 Hz) for the six protons of the two terminal methyl groups
and a doublet ad 0.85 (§ 6.9 Hz) for the methyl group next to the methoxy in the
meromycolate chain. The cyclopropane ring protons appeared as a muli@ple6at a triplet

of doublets a® 0.58 ( 4.1, 7.9 Hz) and a quartet at-0.32 § 5.05 Hz). The™C NMR
spectrum included two carbonyl signalsdal73.65 and 170.33. The optical rotation was
measured as +7.69 (+7.17 reported by Dr. J. Al Dulayymi for a diastereomer) 't KR
spectrum for the final MA1), the double of triplets & 5.09 (J 3.8, 7.9 Hz) for the proton next
to the OAc group, and the singlet at3.69 for the protons of the methyl ester group
disappeared. Instead, the proton next tgBH@H group appeared as a multipleddt.99-2.95.

The optical rotation was measured as +6.95.

3.3.2 Experimental
General considerations

All chemicals were purchased form Lancaster Synthesis Ltd. (UK), Aldrich Chemical Co. Ltd.
(UK), or Avocado Chemical Co. Ltd (UK). Diethyl ether and THF were distilled over sodium
and benzophenone under a nitrogen atmosphere, while dichloromethane was distilled over
calcium hydride. Distilled solvents were used within one day. Organic solutions were dried
over anhydrous magnesium sulfate. Bulk solvents were removed under vacuum at 14 mm Hg
and residual traces of solvent were finally removed at 0.1 mm Hg. All glassware used in
anhydrous reactions were dried for not less than 5 hours at 250 °C. Column chromatography
was done under medium pressure using silica gel (particle size 3ByOfrom DBH
Chemicals (UK); thin layer chromatography (TLC) was carried out on pre-coated Kieselgel 60
F254 (Art. 5554, Merck, UK) plates. Routine gas liquid chromatography (GLC) was performed
using a temperature programmable Hewlett-Packard (Agilent) 5890 Gas Chromatograph with
manual injection. The carrier gas was 5.0 grade helium with a column head pressure of 100
KPa supplied by Air Products plc (UK). The column was Rtx-5 supplied by Restek
Corporation (USA). The phase thickness wasug the column internal diameter 0.31 mm

and the column length 15 m. Optical rotations of compounds were measured in solutions of
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chloroform at known concentration using a Polar 2001 Automatic Polarimeter, with the
assistance of Dr J. Al Dulayymi (University of Wales, Bangor, UK). Infra-red spectra were
recorded as KBr disc (solid) or thin films (liquid) on NaCl windows using a Perkin EImer 1600
series FT-IR spectrometer. NMR spectra were recorded either on a Bruker AC 250
spectrometer with 5 mm dual probe or on Bruker Advance 500 spectrometer with 5 mm BBO
probe. Compounds analysed were solutions in denatured chloroformJCrI¢ss indicated
differently. All chemical shifts are quoted drelative to the trace resonance of protonated
chloroform @ 7.27 ppm) and CDEI(d 77.0 ppm). Low resolution mass spectra using electron
impact (El) were measured at 70 eV on a Hewlett-Packard (Agilent) 5970 quadrupole mass
selective detector where the Gas Chromatograph was a Hewlett-Packard (Agilent) 5890 Gas
Chromatograph with a 5975 auto sampler. It contained a Rtx-5 column supplied by Restek
Corporation (USA). The phase thickness wasug the column diameter 0.25 mm and the

column length 25 m.

3.3.2.1 Preparation of 1,2,5,6-di-O-isopropylidene-D-mannitol (2)

D-Mannitol (1) (30.31 g, 166.38 mmol) was added to a stirring solution of zinc chloride (60.75

g, 445.74 mmol, 2.7 mol eq.) in acetone (300 ml) at RT and the mixture was stirred for 18
hours at RT. Potassium carbonate (50.23 g, 363.43 mmol) in water (50 ml) was added to the
reaction mixture resulting in the precipitation of a white crystalline solid (zinc chloride and
potassium carbonate). The mixture was vacuum filtered, the precipitate washed with
dichloromethane (4 x 100 ml) and the solvent evaporated to yield a viscous oil. This oil was
dissolved in dichloromethane (200 ml) and washed with water (2 x 75 ml). The organic layer
was separated and washed with brine (150 ml), dried and evaporated to give a white solid. The
crude product was recrystallised from ethyl acetate (60 ml) and petroleum ether (300 ml) to
give 1,2,5,6-di-O-isopropylidene-D-mannii{@) as a white solid (18.76 g, 43%).
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Physical properties:

Vma/cm™: 3288, 2987, 1371, 1208, 1157, 1065

Oy (500 MHz, CDCY): 4.21 (2H, qJ 6.3 Hz), 4.13 (2H, dd] 6.6, 8.5 Hz), 3.98 (2H, dd,
J5.65, 8.5 Hz), 3.76 (2H, §,6 Hz), 2.55 (2H, dJ 6.3 Hz), 1.43
(6H, s), 1.37 (6H, s)

dc (500 MHz, CDCY): 109.39, 76.37(-), 71.29(-), 66.73(+), 26.70(-), 25.18(-), [+ 3,CH
-=CH, CHj]

3.3.2.2 Preparation of ethyl-4,5-O-isopropylidene-(S)-4,5-dihydroxy-2-pentanoate (3)

e

F N

A solution of sodium metaperiodate (18.38 g, 85.92 mmol, 1.20 mol eq.) in water (100 ml) was
added to a stirring solution of sodium carbonate (9.59 g, 90.48 mmol, 1.25 mol eq.) and
1,2,5,6-di-O-isopropylidene-D-mannit@®) (18.76 g, 71.60 mmol) in water (150 ml) at 5 °C
(the temperature was kept below 5 °C). The reaction mixture was allowed to reach RT and
stirred for 1 hour. The mixture was then cooled to 0 °C and triethylphosphonoacetate (34.3 ml,
30.45 g, 136.04 mmol) and potassium carbonate (37.60 g, 272.08 mmol) in water (50 ml) was
added and the mixture stirred for 20 hours at RT. The product was extracted with
dichloromethane (3 x 200 ml) and the combined organic layers were washed with brine (200
ml), dried and evaporated to give a oily residue which was purified by column chromatography
on silica gel eluted with petroleum ether/diethyl ether (5:1) to ejilrgl-4,5-O-isopropylidene-
(S)-4,5-dihydroxy-2-pentanoaf8) (15.10 g, 56%) (109).
Physical properties:
Vma/Cmi™: 2985, 2937, 2875, 1725, 1662
Oy (500 MHz, CDCY): 6.85 (1H, ddJ 5.65, 15.75 Hz), 6.07 (1H, dd,1.6, 15.75 Hz),

4.64 (1H, dd,J 1.25, 6.9 Hz), 4.17 (3H, m including §,7.25

Hz), 3.65 (1H, ddJ 7.55, 8.2 Hz), 1.42 (3H, s), 1.38 (3H, ),

1.27 (3H, t, J7.25 Hz)
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3¢ (500 MHz, CDC)): 165.9, 144.5(-), 122.4(-), 110.1, 74.9(-), 68.7(+), 60.5(+), 26.4(-),
25.6(-), 14.1(-), [+ = CH - = CH, CH]
[a]p?* +40.4 ° (c = 1.09, CHG)

3.3.2.3 Preparation of (R)-3-((S)-2,2-dimethyl-[1,3]-dioxolan-4-yl)-butyric acid ethyl ester

4
s

(@]
(0]
S R v

Methyl lithium (81 ml, 120 mmol, 1.50 M, 2 mol eq.) was added to a stirring solution of 3-
(2,2-dimethyl-(1,3)-dioxolan-4-yl)-acrylic aci(B) (12 g, 60 mmol) in dry diethyl ether (300
ml) at -78°C under nitrogen atmosphere. The reaction mixture was stirred aC-#@ 2%
hours and allowed to reach -6C€. Water was then added (10 ml) and after 5 minutes a
saturated solution of ammonium chloride (80 ml), where upon the temperature rosé@o -40
The cooling bath was removed, the mixture was allowed to red€hahd the reaction was
qguenched with water (100 ml). The organic layer was separated and the aqueous layer
extracted with diethyl ether (2 x 100 ml). The combined organic layers were washed with brine
(2 x 150 ml), dried and evaporated to give a yellow oily residue, which was purified by column
chromatography on silica gel eluted with petroleum ether/diethyl ether (4:1) tR)8e((S)-
2,2-dimethyl-[1,3]-dioxolan-4-yl)-butyric acid ethyl es{@) (9.17 g, 71%) (109).
Physical properties:
Vma/cm™: 2984, 2980, 1732, 1012
34 (500 MHz, CDCY): 4.12 (2H, qJ 7.25 Hz), 3.99 (2H, m), 3.61 (1H,1,6.6), 2.38

(1H, dd,J 4.75, 14.85 Hz), 2.19 (1H, m), 2.11 (1H, dd8.8,

14.8 Hz), 1.38 (3H, s), 1.32 (3H, s), 1.24 (3H] 7,25 Hz), 0.98

(3H, d, J6.6 Hz)

3¢ (500 MHz, CDC)): 172.57, 108.85, 78.74(+), 66.71(-), 60.31(-), 37.51(-), 32.94(+),
26.31(+), 25.19(+), 15.33(+), 14.16(+), [- = §H = CH, CH]
[a]p?% +10.29 ° (c = 2.02, CH@)
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3.3.2.4 Preparation of (R)-3-((S)-2,2-dimethyl-[1,3]-dioxolan-4-yl)-butan-1-ol (5)

e

a3

OH

(R)-3-(©-2,2-Dimethyl-[1,3]dioxolan-4-yl)-butyric acid ethyl estgt) (6.90 g, 31.94 mmol)

in dry THF (30 ml) was added drop-wise over a period of 15 minutes to a suspension of

lithium aluminium hydride (1.46 g, 38.33 mmol) in dry THF (160 ml) under nitrogen

atmosphere at RT. The reaction mixture was refluxed for 1 hour. When TLC showed that no

more starting material was left, the mixture was cooled to RT and carefully quenched with

freshly prepared saturated aqueous sodium sulfate decahydrate (10 ml) until a white precipitate

was formed. This was followed by addition of magnesium sulfate (10 g). The mixture was

stirred vigorously for 10 minutes, filtered through a pad of celite and washed thoroughly with

THF (2 x 50 ml). The combined organic layers were evaporated to give a residue which was

dissolved in a mixture of petroleum ether/diethyl ether (1:1, 150 ml) and triethylamine (2

drops). The solution was dried by stirring for one hour over anhydrous potassium carbonate.

Filtration yielded a solution which was concentrated by evaporation to yield a colourless liquid

of (R)-3-((S)-2,2-dimethyl-[1,3]-dioxolan-4-yl)-butan-14@&l) (4.8 g, 87%) (124).

Physical properties:

Vima/Cmi™: 3423, 2933

oH (500 MHz, CDCI3): 3.99 (2H, m), 3.72 (1H, m), 3.64 (2H, m), 2.08 (1H, broad s),
1.82 (1H, m), 1.64 (1H, m), 1.45-1.37 (4H, m including s), 1.34
(3H, m), 0.97 (3H, dd) 2.55, 6.95 Hz)

3C (500 MHz, CDCI3): 108.75, 79.69(+), 67.20(-), 60.35(-), 35.68(-), 32.81(+), 26.42(+),
25.32(+), 15.17(+), [ = CH + = CH, CH]
[a]p?% +16.1 ° (c = 1.35, CHG); reported as f]p*% +16.8 ° (CHCL)

by Ryosuke et al. (124)
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3.3.2.5 Preparation of (R)-3-((S)-2,2-dimethyl-[ 1,3]-dioxolan-4-yl)-butyral dehyde (6)

L

O

(R)-3-(-2,2-Dimethyl-[1,3]-dioxolan-4-yl)-butan-1-ol (5) (6.10 g, 35.06 mmol) in
dichloromethane (30 ml) was added to a stirring suspension of pyridinium chlorochromate
(16.07 g, 92.00 mmol) in dichloromethane (500 ml) at RT. The mixture was refluxed for 30
minutes. When TLC indicated that no starting material was left, the mixture was cooled down
and poured into diethyl ether (200 ml), filtered through a pad of silica gel and washed
thoroughly with diethyl ether. The filtrate was evaporated to give a residue which was purified
by column chromatography on silica gel eluted with petroleum ether (BP 40-60 °C)/diethyl
ether (1:1) to give(R)-3-((S)-2,2-dimethyl-[1,3]-dioxolan-4-yl)-butyraldehyd®) as a
colourless oil (3.05 g, 51%) (36).
Physical properties:
Vma/cm™: 2985, 1725, 1215, 1066
34 (500 MHz, CDCY): 9.79 (1H, tJ 1.9 Hz), 4.09 (1H, m), 4.00 (1H, d#i6.6, 8.2 Hz),
3.65 (1H, ddJ 7.3, 8.2 Hz), 2.57 (1H, m), 2.40 (1H, m), 2.29
(1H, m), 1.43 (3H, s), 1.36 (3H, s), 1.01 (3HJ®.9 HZ)

3¢ (500 MHz, CDCY): 201.7(-), 109.1, 78.6(-), 66.3(+), 46.6(+), 30.4(-), 26.2(-), 25.1(-),
15.5(-), [+ = CH, - = CH, CH]
[a]p?% +8.27 ° (c = 1.44, CHG)
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3.3.2.6 Preparation of 5-hexadecylsulfanyl-1-phenyl-1H-tetrazole (8)

S N
WP

N—n

a3

1-Bromohexadecang) (16.20 g, 53.05 mmol) was added to a stirring solution of 1-phenyl-
1H-tetrazole-5-thiol (9.69 g, 54.37 mmol) and anhydrous potassium carbonate (15.24 g, 110.27
mmol) in acetone (165 ml). The mixture was vigorously stirred and refluxed for 2%z hours.
When TLC showed that no starting material was left, the inorganic salts were filtered off and
washed with acetone. The acetone solution was evaporated to a small bulk and dissolved in
dichloromethane (150 ml). The solution was washed with water (300 ml), the organic layer
separated and the aqueous layer re-extracted with dichloromethane (2 x 50 ml). The combined
organic phases were washed with water (300 ml), dried and the solvent evaporated to give a
solid. This was dissolved in acetone (50 ml) and diluted with methanol (100 ml). The mixture
was left at ambient temperature for 1 hour and then &C Gor 1 hour. A white solid
crystallised out; this was filtered off and washed with cold acetone/methanol (1:2) to give a
white solid of 5-hexadecylsulfanyl-1-phenyl-1H-tetraz@8)(13.92 g, 63%).

Physical properties:

Vma/CM L 2917, 1501, 1091, 759
m.p. 48-50 °C
34 (500 MHz, CDCY): 7.56 (5H, m), 3.40 (2H, § 7.55 Hz), 1.82 (2H, pend,7.25 Hz),

1.44 (2H, pentJ 6.95 Hz), 1.35-1.24 (24H, m including s), 0.88
(3H, t, J6.95 Hz)

Oc (500 MHz, CDCY): 154.46, 133.82, 129.98(-), 129.70(-), 123.83(-), 33.39(+),
31.88(+), 29.64(+), 29.62(+), 29.60(+), 29.57(+), 29.49(+),
29.39(+), 29.30(+), 29.08(+), 28.99(+), 28.60(+), 22.64(+),
14.04(-), [+ = CH, - = CH, CH]
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3.3.2.7 Preparation of 5-(hexadecane-1-sulfonyl)-1-phenyl-1H-tetrazole (9)

N
N

AN
/
N

O

I
WHY/

15 (o)

N—

A solution of ammonium molybdate (VI) tetrahydrate (18.90 g, 15.31 mmol) in ice ¢Qg H

35% (w/w, 50 ml) was added to a stirring solution of 5-hexadecylsulfanyl-1-pheRyl-1
tetrazole(8) (13.50 g, 33.58 mmol) in THF (150 ml) and IMS (300 ml) af@2and stirred at

RT for 2 hours. A further solution of ammonium molybdate (VI) tetrahydrate (7.20 g, 5.83
mmol) in ice cold HO, 35% (w/w, 20 ml) was added and the mixture was stirred at RT for 18
hours. The mixture was poured into 3 L of water and extracted with dichloromethane (3 x 400
ml). The combined organic phases were washed with water (2 x 500 ml), dried and the solvent
was evaporated. The residue was dissolved in methanol (200 ml) and the mixture left at RT for
1 hour and then at ©C for 1 hour. A white solid crystallised out; this was filtered off and
washed with cold methanol to give a white solidsefhexadecane-1-sulfonyl)-1-phenyl-1H-
tetrazole(9) (12.42 g, 80%).

Physical properties:

Vma/cm™: 2918, 1470, 1343, 1154, 770
m.p. 65-67 °C
o (500 MHz, CDCY): 7.70 (2H, m), 7.61 (3H, m), 3.73 (2H, distorted t7.85 Hz),

1.96 (2H, m), 1.50 (2H, penfl 6.95 Hz), 1.34-1.25 (24H, m
including s), 0.89 (3H, t, 8.9 Hz)

dc (500 MHz, CDCY): 153.56, 133.11, 131.39(+), 129.66(+), 125.09(+), 56.06(-),
31.89(-), 29.65(-), 29.64(-), 29.62(-), 29.59(-), 29.52(-), 29.42(-),
29.31(-), 29.16(-), 28.87(-), 28.12(-), 22.64(-), 21.92(-), 14.05(+),
[-=CH,, + = CH, CH]

84



UNIVERSITEIT VAN PRETORIA
@, UNIVERSITY OF PRETORIA
Qus# VUNIBESITHI YA PRETORIA

3.3.2.8 Preparation of (S)-2,2-dimethyl-4-((R)-1-methyl-nonadecyl)-[1,3]-dioxolane (10)

A

P N

17

9

ile)

Lithium bis(trimethylsilyl)amide (27 ml, 28.60 mmol, 1.06 M) was added drop-wise to a
stirring solution of R)-3-(S)-2,2dimethyl-[1,3]-dioxolan-4-yl)-butyraldehydés) (3.05 g,

17.73 mmol) and 5-(hexadecane-1-sulfonyl)-1-phemiAtdtrazole(9) (9.30 g, 20.17 mmol) in

dry THF (130 ml) under nitrogen at -°€. The reaction mixture was allowed to reach RT and
stirred for 16 hours, then quenched with water (100 ml) and petroleum ether/diethyl ether (1:1,
100 ml). The organic layer was separated and the aqueous layer re-extracted with petroleum
ether/diethyl ether (1:1, 2 x 50 ml). The combined organic layers were washed with brine (2 x
100 ml), dried and evaporated to give a thick oil which was purified by column
chromatography on silica gel eluting with petroleum ether/diethyl ether (10:0.5) t¢S)ive
2,2-dimethyl-4-((E,Z)-(R)-1-methyl-nonadec-3-enyl)-[1,3]-dioxolégn&8 g, 77%).

Palladium on charcoal (10%, 1.20 g) was added to a stirring solutid®)-Bf2¢dimethyl-4-
((E,2-(R)-1-methyl-nonadec-3-enyl)-[1,3]-dioxolane (5.18 g, 13.63 mmol) in IMS (125 ml)
and methanol (30 ml). The mixture was stirred while being hydrogenated under hydrogen
atmosphere. When no more hydrogen was absorbed the mixture was filtered through a pad of
celite and washed with warmed ethyl acetate (100 ml). The clear colourless filtrate was
evaporated at 14 mm Hg to give a white solid®)F2,2-dimethyl-4-((R)-1-methyl-nonadecyl-
[1,3]-dioxolane(10) (5.18 g, 99%).
Physical properties:
Vma/cm™: 2919, 2851, 1467, 1076, 856
34 (500 MHz, CDCY): 4.01 (1H, dd) 5.95, 7.55 Hz), 3.87 (1H, d,7.2 Hz), 3.61 (1H,
t, J 7.55 Hz), 1.55 (1H, m), 1.41 (3H, s), 1.36 (3H, s), 1.34-1.20
(33H, m including s), 1.09 (1H, m), 0.97 (3H,J6.6 Hz), 0.89
(3H, t, J6.6 HZ)
dc (500 MHz, CDCY): 108.50, 80.42(-), 67.82(+), 36.51(-), 32.76(+), 31.93(+),
29.87(+), 29.69(+), 29.66(+), 29.64(+), 29.61(+), 29.36(+),
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26.99(+), 26.64(-), 25.54(-), 22.68(+), 15.61(-), 14.09(-), [+ =
CH,, - = CH, CH]
reported as +23.01 {c = 0.62, CHCJ)

a3

3.3.2.9 Preparation of (2S,3R)-3-methyl-henicosane-1,2-diol (11)

H

MOH

17

o

p-Toluenesulfonic acid (0.48 g, 2.51 mmol, 1.90 mol eq.) was added to a stirring solution of
(9-2,2-dimethyl-4-(R)-1-methyl-nonadecyl)-[1,3]-dioxolan€l0) (5.04 g, 13.19 mmol) in
THF (35 ml), methanol (50 ml) and water (5 ml) at RT. The reaction mixture was refluxed for

3% hours. When TLC showed that no starting material was left, the solvent was evaporated and

the residue diluted with petroleum ether/diethyl ether (1.1, 150 ml). Then a solution of

saturated sodium bicarbonate (50 ml) was added, the organic layer separated and the aqueou:s

layer re-extracted with diethyl ether (2 x 300 ml). The combined organic layers were washed

with brine (250 ml), dried and evaporated to give a white solid2&,3R)-3-methyl-
henicosane-1,2-didl1) (4.58 g, >99%).

Physical properties:
Vma/Cm'™:

m.p.

& (500 MHz, CDCY):

8¢ (500 MHz, CDCY):

[a]p?

3420

67-68 °C
3.69 (1H, m), 3.59 (2H, m), 2.04 (1H,34.1 Hz), 1.95 (1H, dd,
J 4.8, 7.0 Hz), 1.57 (1H, m), 1.28 (34 H, m), 0.95 (3HJ d,0
Hz), 0.90 (3H, t, ¥.0 Hz)
75.75(-), 65.15(+), 35.71(-), 32.98(+), 31.91(+), 29.85(+),
29.69(+), 29.68(+), 29.35(+), 27.10(+), 22.68(+), 14.55(-),
14.10(-), [+ = CH, - = CH, CH]

reported as +12.7 {c = 1.11, CHC}
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3.3.2.10 Preparation of (S)-2-((R)-1-methyl-nonadecyl)-oxirane (12)

a3

M

17

Sodium hydroxide solution (50%, 17.5 ml) was added to a vigorously stirring solution of
(2S3R)-3-methyl-henicosane-1,2-di¢l1l) (4.58 g, 13.39 mmol) and cetrimide (0.50 g) in
dichloromethane (200 ml) at RT. To this, a solutionpdabluenesulfonyl chloride (3.15 g,

16.35 mmol) in dichloromethane (20 ml) was added over 10 minutes. The mixture was stirred
for 30 minutes at RT and when TLC showed that no starting material was left, the mixture was
guenched with water (150 ml). The organic layer was separated and the aqueous layer
extracted with dichloromethane (2 x 50 ml). The combined organic layers were washed with
water (100 ml), dried and evaporated to give a residue which was purified by column
chromatography on silica gel eluting with petroleum ether/diethyl ether (10:0.5) t¢Sgie
((R)-1-methyl-nonadecyl)-oxirar{@2) as a white solid (3.82 g, 88%).

Physical properties:

Vma/CM L 2919, 1473, 1261, 892, 729
m.p. 45-47 °C
34 (500 MHz, CDCY): 2.78 (1H, dd, 3.8, 4.75 Hz), 2.68 (1H, m), 2.54 (1H, dd2.8,

5.0 Hz), 1.32-1.24 (35H, m including s), 1.03 (3HJd& Hz),
0.89 (3H, t, 1.6 Hz)

5c (500 MHz, CDCY):  57.17(-), 47.03(+), 36.23(), 33.57(+), 31.92(+), 29.87(+),
20.69(+), 29.65(+), 29.63(+), 29.58(+), 29.36(+), 27.12(+),
22.68(+), 17.13(-), 14.11(-), [+ = GH = CH, CH]

[a]p?% reported as +0.3 {c = 1.01, CHC}))
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a3

3.3.2.11 Preparation of 6-bromo-hexan-1-ol

/\/\/\/OH
Br

HBr (48%, 44.51 g, 30 ml, 0.55 mol) was added to a stirring solution of 1,6-hexanediol (25 g,
0.21 mol) in toluene (300 ml). The mixture was refluxed overnight, cooled down and the
toluene was evaporated. A saturated solution of NafH@@ ml) was added and the mixture
was extracted with dichloromethane (3 x 150 ml). The combined organic layers were dried and
evaporated, the product was purified by column chromatography on silica gel eluting with
petroleum ether/diethyl ether (5:1, then 1:1) to give 6-bromohexarfZb@3 g, 71%) (108).
Physical properties:
Vma/cm™: 3357, 2937, 1638, 1054
oy (500 MHz, CDCY): 3.56 (2H, t,J 6.6 Hz), 3.36 (2H, t) 6.95 Hz), 2.63 (1H, s), 1.82
(2H, pent,J 6.95 Hz), 1.51 (2H, pend, 6.95 Hz), 1.41 (2H, pent,
J6.95 Hz), 1.33 (2H, m)
dc (500 MHz, CDCY): 62.27(+), 33.74(+), 32.53(+), 32.23(+), 27.75(+), 24.76(+), [+ =
CHy, - = CH, CH]

3.3.2.12 Preparation of 1-bromo-6-tetrahydropyranyloxynonane

/\/\/\/0
Br

3,4-Dihydro-H-pyran (26.50 g, 0.32 mol, 2.1 mol eq.) and pyridinipiteluene sulfonate (3

g) were added to a stirring solution of 6-bromo-hexan-1-ol (26.80 g, 0.15 mol) in dry

dichloromethane (250 ml) under nitrogen at RT. The reaction was stirred at RT for 3 hours.
When TLC showed that no starting material was left, the reaction mixture was filtered through
a pad of silica gel and washed with dichloromethane (200 ml). The dichloromethane was
evaporated and the residue purified by column chromatography on silica gel eluted with
petroleum ether/diethyl ether (9:1) to gi¥ebromo-6-tetrahydropyranyloxynonar@8.08 g,

93%) (108).
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Physical properties:

Vma/cm™: 2939, 2865, 1440, 1120

3u (500 MHz, CDCY): 4.54 (1H, m), 3.83 (1H, m), 3.71 (1H, ddd6.6, 9.45, 16.4 Hz),
3.47 (1H, m), 3.38 (2H, 11 6.6 Hz), 3.34 (1H, m), 1.89-1.76 (3H,
m), 1.71-1.64 (1H, m), 1.60-1.33 (10H, m)

8c (500 MHz, CDCY): 98.73(-), 67.25(+), 62.21(+), 33.70(+), 32.63(+), 30.65(+),
29.43(+), 27.88(+), 25.34(+), 25.35(+), 19.57(+), [+ =,CH=
CH, CHy]

3.3.2.13 Preparation of (8R,9R)-9-methyl-1-(tetrahydropyran-2-yloxy)-heptacosan-8-ol (13)

H

A solution of 1-bromo-6-tetrahydropyranyloxynonane (9.38 g, 35.39 mmol) in dry THF (25

—anllQ

ml) was added drop wise to a suspension of magnesium turnings (1.70 g, 70.83 mmol) in dry
THF (30 ml) under nitrogen. The mixture was refluxed for 1 hour, then cooled down to RT and
added drop wise to a stirring solution of purified copper iodide (0.59 g, 3.11 mmol) in dry THF
(40 ml) at -30 °C. After 30 min a solution 09{2-((R)-1-methyl-nonadecyl)-oxiran¢l2)
(3.82 g, 11.79 mmol) in dry THF (30 ml) was added drop-wise. The reaction mixture was
stirred for another 2 % hours, then allowed to reach RT and stirred overnight. The mixture was
guenched with saturated aqueous ammonium chloride (100 ml) and extracted with diethyl ether
(3 x 200 ml). The combined organic layers were washed with brine (250 ml), dried and
evaporated to give a colourless oil which was purified by column chromatography on silica gel
eluted with petroleum ether/diethyl ether (9:1 changing to 3:1, 2:1 and 1:1) t(8Bi9R)-9-
methyl-1-(tetrahydropyran-2-yloxy)-heptacosan-&sla colouless oil (134.45 g, 74%).
Physical properties:
Vma/cm™: 3450, 2921, 2851, 1465, 1033
Oy (500 MHz, CDCY)): 4.57 (1H, m), 3.87 (1H, m), 3.73 (1H, ddd6.9, 9.75, 16.7 Hz),

3.39 (2H, m), 3.38 (1H, ddd,6.6, 9.45, 16.05 Hz), 1.83 (1H, m),

1.72 (1H, m), 1.63-1.49 (6H, m), 1.42 (4H, m), 1.33 (7H, m),
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1.29-1.20 (33H, m including s), 0.88 (3HJt6.6 Hz), 0.85 (3H,
d, J6.65 Hz)

3¢ (500 MHz, CDCJ): 98.80(-), 75.13(-), 67.61(+), 62.27(+), 38.17(-), 34.43(+),
33.33(+), 31.90(+), 30.75(+), 29.24(+), 29.71(+), 29.67(+),
20.63(+), 29.44(+), 29.33(+), 27.40(+), 26.21(+), 26.18(+),
25.48(+), 22.66(+), 22.58(+), 19.66(+), 14.08(-), 13.54(-), [+ =
CH,, - = CH, CH]

[a]p?% reported as +9.15 (c = 1.28, CHI

a3

3.3.2.14 Preparation of 2-((8R,9R)-8-methoxy-9-methyl-heptacosyl oxy)-tetrahydropyran
(14)

N

Sodium hydride (1.42 g, 58.1 mmol, 60% dispersion) was washed with petroleum ether (3 x 20

—annllQ

ml) and then suspended in dry THF (35 ml). The suspension was cooled to 5 R &R)-8
methyl-1-(tetrahydropyran-2-yloxy)-heptacosan-84d) (4.45 g, 8.73 mmol) in THF (35 ml)

was added over 5 minutes. After 15 minutes methyl iodide (7.31 g, 51.5 mmol) was added. The
mixture was stirred for 16 hours at RT. When TLC showed that no starting material was left,
saturated ammonium chloride solution (50 ml) was added carefully followed by the addition of
diethyl ether (100 ml). The organic layer was separated and the aqueous layer re-extracted with
petroleum ether/diethyl ether (1:1, 2 x 50 ml). The combined organic layers were washed with
brine (2 x 80 ml), dried and evaporated to give a residue which was purified by column
chromatography on silica gel eluted with petroleum ether/diethyl ether (10:2) to2give
((BR,9R)-8-methoxy-9-methyl-heptacosyloxy)-tetrahydrop{tdh as a pale yellow oil (3.83

g, 84%).

Physical properties:

Vma/Cmi™: 2928, 2846, 1077

34 (500 MHz, CDC}): 4.60 (1H, tJ 2.3 Hz), 3.80 (1H, m), 3.74 (1H, d,7, 9.45 Hz),

3.52 (1H, m), 3.40 (1H, dt] 6.6, 9.45 Hz), 3.35 (3H, s), 2.97

90



UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

(1H, m), 1.90-1.82 (1H, m), 1.76-1.70 (1H, m), 1.68-1.50 (6H,
m), 1.45-1.25 (44H, m), 1.10 (1H, m), 0.91 (3H] ¥, Hz), 0.86
(3H, d, J6.65 Hz)

Oc (500 MHz, CDC)): 98.84, 85.43, 67.67, 62.30, 57.70, 35.30, 32.35, 31.91, 30.82,
30.47, 30.01, 29.89, 29.76, 29.70, 29.67, 29.50, 29.42, 27.59,
26.20, 26.14, 25.48, 22.17, 19.70, 14.89, 14.13, [+ 3,CH
CH, CHy

[a]p?% reported as +8.76 {c = 1.45, CHC})

a3

3.3.2.15 Preparation of (8R,9R)-8-methoxy-9-methyl-heptacosan-1-ol (15)

™~

MOH
17

7

e}

p-Toluenesulfonic acid monohydrate (0.36 g, 1.89 mmol) was added to a stirring solution of 2-
((8R,R)-8-methoxy-9-methyl-heptacosyloxy)-tetrahydro-py(asd) (3.80 g, 7.25 mmol) in

THF (20 ml), methanol (70 ml) and water (1 ml) at RT. The reaction mixture was refluxed for
30 min. When TLC showed that no starting material was left, the solution was evaporated to
approximately half of the volume and diluted with a saturated solution of sodium bicarbonate
(50 ml). A mixture of petroleum ether/diethyl ether (1:1, 150 ml) was added and extracted. The
organic layer was separated and the aqueous layer re-extracted with petroleum ether/diethyl
ether (1:1, 2 x 50 ml). The combined organic layers were washed with brine (100 ml), dried
and evaporated to give a residue which was purified by column chromatography on silica gel
eluted with petroleum ether/diethyl ether (5:2) to gi{8R,9R)-8-methoxy-9-methyl-
heptacosan-1-0{15) as a colourless liquid, which solidified later (3.23 g, 97%).

Physical properties:

Vmadcm™: 3463, 2912, 2846, 1078

m.p. 33-35°C

31 (500 MHz, CDC}): 3.63 (2H, tJ 6.6 Hz), 3.33 (3H, s), 2.95 (1H, m), 1.54 (4H, m),
1.45-1.20 (44H, m including s), 0.88 (3H,J16.3 Hz), 0.84 (3H,
d, J6.9 Hz)
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3¢ (500 MHz, CDCY): 85.46(-), 62.94(+), 57.66(), 35.37(), 32.78(+), 32.35(+),
31.91(+), 30.49(+), 29.97(+), 29.86(+), 29.68(+), 29.63(+),
20.42(+), 29.33(+), 27.56(+), 26.09(+), 25.71(+), 22.66(+),
14.87(-), 14.05(-), [+ = Chi - = CH, CHj]

[a]p?®: +9.88 °, (c = 1.29, CHG); reported as f]p*% +11.05° (c =
1.19)

a3

3.3.2.16 Preparation of (8R,9R)-8-methoxy-9-methyl-heptacosanal (16)

N

QO

17 H O

(8R,9R)-8-Methoxy-9-methyl-heptacosan-1{@b) (3.1 g, 7.05 mmol) in dichloromethane (30
ml) was added to a stirring suspension of pyridinium chlorochromate (3.8 g, 17.6 mmol) in
dichloromethane (200 ml) at RT. The mixture was stirred vigorously and refluxed for 3 hours.
When TLC showed that no starting material was left, the mixture was cooled down and poured
into diethyl ether (200 ml) and filtered through a pad of silica gel, washed with diethyl ether
and the filtrate evaporated to give a residue that was purified by column chromatography on
silica gel eluted with petroleum ether/diethyl ether (10:1) to (R 9R)-8-methoxy-9-methyl-
heptacosana(16) as a colourless liquid (2.31 g, 75%).
Physical properties:
Vma/cm™: 2924, 2850, 1729, 1465, 1097
Oy (500 MHz, CDCY): 9.78 (1H, s), 3.40 (3H, s), 2.96 (1H, m), 2.44 (2H, 1,25 Hz),

1.65 (4H, m), 1.45-1.25 (40H, m), 1.10 (1H, m), 0.88 (3H, t,

6.3 Hz), 0.85 (3H, d, 8.6 Hz)

Oc (500 MHz, CDCY): 202.88, 85, 50, 57.70, 43.91, 35.29, 32.25, 30.00, 29.72, 29.66,
29.63, 29.17, 27.58, 25.97, 22.69, 22.10, 14.94, 14.11, [+ CH
- =CH, CH]

[a]p?% reported as +11.6 fc = 1.16, CHC})
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3.3.2.17 Preparation of 8-bromo-octan-1-ol (18)

a3

/\/\/\/\/Br
HO

HBr (48%, 34.79 g, 25 ml, 0.43 mol) was added to a stirring solution of 1,8-octanedi{2%17)

g, 0.17 mol) in toluene (350 ml). The mixture was refluxed overnight, cooled down and the
toluene was evaporated. A saturated solution of NafH@@ ml) was added and the mixture
was then extracted with dichloromethane (3 x 150 ml). The combined organic layers were
dried and evaporated and the product was purified by column chromatography on silica gel
eluted with petroleum ether/diethyl ether (1:2) to dgdveromo-octan-1-0(18) (21.2 g, 59%)

(108).

Physical properties:

Vmadcm™: 3353, 2928, 2855,

34 (500 MHz, CDCY): 3.59 (2H, m), 3.38 (2H, m), 1.84 (2H, m), 1.54 (2H, m), 1.42 (2H,
m), 1.32 (6H, broad s)

¢ (500 MHz, CDCJ): 62.72(+), 33.82(+), 32.69(+), 32.58(+), 29.11(+), 28.60(+),

27.99(+), 25.54(+), [+ = Ck- = CH, CH]

3.3.2.18 Preparation of 2,2-dimethyl-propionic acid 8-bromo-octyl ester (19)

e

(0) 8 Br

A solution of trimethyl acetyl chloride (14.47 g, 120 mmol, 1.20 mol eq.) in dichloromethane
(45 ml) was added over 15 minutes to a stirring solution of bromo al¢®8po(21 g, 100

mmol), triethylamine (42 ml, 300 mmol, 3 mol eq.) and 4-dimethylaminopyridine (0.25 g, 2
mmol) in dichloromethane (160 ml). The reaction mixture was stirred overnight at RT. Diluted
hydrochloric acid (150 ml, 5%) was added and the organic layer separated and washed with
diluted hydrochloric acid (1 x 100 ml) and then with brine (2 x 200 ml), dried and evaporated.
The residue was dissolved in petroleum ether (200 ml), filtered through a pad of silica gel and

washed with petroleum ether (50 ml). The silica gel pad was washed with petroleum
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ether/diethyl ether (1:1, 150 ml) and the solvent evaporated to give 2,2-dimethyl-propionic acid

a3

8-bromo-octyl estef19) as a colourless oil (26.09 g, 89%).

Physical properties:

Vmadcm™: 2930, 2857, 1810, 1728

34 (500 MHz, CDC}): 4.03, (2H, tJ 6.6 Hz), 3.38 (2H, t) 6.65 Hz), 1.84 (2H, pend,
6.95 Hz), 1.61 (2H, m), 1.42 (2H, m), 1.32 (6H, m), 1.18 (9H, s)

¢ (500 MHz, CDC}): 178.45, 64.25(-), 38.64, 33.71(-), 32.69(-), 28.94(-), 28.55(-),

28.51(-), 27.98(-), 27.13(+), 26.44(+), 25.73(-), 22.53(+), [- =
CH,, + = CH, CH]

3.3.2.19 Preparation of 5-(1-octanolpivalate-8-sulfanyl)-1-phenyl-1H-tetrazol e (20)
o]
S N
)%kokﬁv N,
N\N//

2,2-Dimethyl-propionic acid 8-bromo-octyl est€r9) (26 g, 88.73 mmol) was added to a
stirring solution of 1-phenylH-tetrazole-5-thiol (17.40 g, 97.63 mmol, 1.10 mol eq.) and
anhydrous potassium carbonate (25.80 g, 186.67 mmol, 2.1 mol eq.) in acetone (300 ml) and
stirred overnight at RT. When TLC showed no starting material was left, the mixture was
added to water (1L) and extracted with dichloromethane (1 x 150 ml, 2 x 25 ml). The
combined organic layers were washed with brine (2 x 200 ml), dried and evaporated to give a
dark yellow oil which was purified by column chromatography on silica gel eluted with
petroleum ether/diethyl ether (7:2.5) to giBe(1-octanolpivalate-8-sulfanyl)-1-phenyl-1H-
tetrazole (20)(31 g, 90%).
Physical properties:
Vima/Cmi™: 2931, 2856, 1725
Oy (500 MHz, CDCY): 7.55 (5H, m), 4.02 (2H, ] 6.65 Hz), 3.37 (2H, tJ 7.55 Hz),

1.81 (2H, pent) 7.25 Hz), 1.59 (2H, m), 1.43 (2H, m), 1.31 (6H,

m), 1.17 (9H, s)
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3¢ (500 MHz, CDCY): 178.51, 154.38, 133.65, 129.97(+), 129.67(+), 123.74(+),
64.23(), 38.62, 33.20(-), 28.96(-), 28.92(-), 28.79(-), 28.45(-),
28.44(-), 27.11(+), 25.70(-), 22.52(+), 14.23(+), 11.33(+), [- =
CH,, + = CH, CH]

a3

3.3.2.20 Preparation of 5-(1-octanolpivalate-8-sulfonyl)-1-phenyl-1H-tetrazole (21)
0 0
/H\/!
TN,
© V,
N\N/

A solution of ammonium molybdate(VI)tetrahydrate (24.50 g, 19.88 mmol) in ice ¢@d H

35% (w/w, 48 ml) was added to a stirring solution of 5-(1-octanolpivalate-8-sulfanyl)-1-

phenyl-H-tetrazole(20) (15.54 g, 39.75 mmol) in THF (225 ml) and IMS (420 ml) at 10 °C

and stirred at RT for 2 hours. A further solution of ammonium molybdate(Vl)tetrahydrate

(12.90 g) in ice cold D, 35% (w/w, 30 ml) was added and the mixture was stirred overnight

at RT. The mixture was poured into water (L)&nd extracted with dichloromethane (1 x 200

ml, 3 x 30 ml). The combined organic layers were washed with water (1 x 500 ml), dried and

evaporated to give a colourless oil which was purified by column chromatography on silica gel

eluted with petroleum ether/diethyl ether (3:1, changing to 2:1 and then to 1:1) t6-{ive

octanolpivalate-8-sulfonyl)-1-phenyl-1H-tetrazole (21%.93 g, 89%).

Physical properties:

Vima/Cmi™: 2934, 2860, 1723

Oy (500 MHz, CDCY): 7.69 (2H, m), 7.61 (3H, m), 4.04 (2H,1,6.6 Hz), 3.73 (2H,
distorted tJ 7.85 Hz), 1.95 (2H, m), 1.61 (2H, m), 1.50 (2H, m),
1.34 (6H, m), 1.19 (9H, s)

dc (500 MHz, CDCY): 178.53, 153.42, 132.97, 131.39(+), 129.64(+), 125.00(+),
64.19(-), 55.87(-), 38.65, 28.72(-), 28.45(-), 27.97(-), 27.13(+),
25.68(-), 21.87(-), 15.20(+), [- = GH+ = CH, CH]
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3.3.2.21 Preparation of 2,2-dimethyl-propionic acid-(16R,17R)-16-methoxy-17-methyl-
pentatriacontyl ester (22)

9

N

MO
17 :

15

flile]

Lithium bis(trimethylsilyl)amide (9.88 ml, 10.50 mmol, 1.06 M) was added drop-wise to a
stirring solution of (8R,9R)-8-methoxy-9-methyl-heptacos46p(2.30 g, 5.24 mmol) and 5-
(1-octanolpivalate-8-sulfonyl)-1-phenyHttetrazole (21) (3.32 g, 7.86 mmol) in dry THF
(100 ml) under nitrogen at <Z. The reaction mixture was allowed to reach RT and stirred for
16 hours, then quenched with saturated solution of ammonium chloride (50 ml) and petroleum
ether/diethyl ether (1:1, 100 ml). The organic layer was separated and the aqueous layer re-
extracted with petroleum ether/diethyl ether (1:1, 2 x 50 ml). The combined organic layers
were washed with brine (2 x 100 ml), dried over magnesium sulfate and evaporated to give a
thick oil, which was purified by column chromatography on silica gel eluted with petroleum
ether/diethyl ether (10:0.3) to gi{&/Z)-2,2-dimethyl-propionic acid-(16R, 17R)-16-methoxy-
17-methyl-pentatriacont-8-enyl est&s a colourless liquid (2.65 g, 80%).
Physical properties:
oy (500 MHz, CDCY): 5.39 (1H, m), 5.35 (1H, m), 4.05 (2H,Jt6.6 Hz), 3.34 (3H, s),
2.96 (1H, m), 1.99 (4H, m), 1.63 (4H, m), 1.37-1.24 (48 H, m
including s), 1.20 (9H, s), 0.88 (3H,Jt6.95 Hz), 0.85 (3H, d]
6.9 Hz)
dc (500 MHz, CDCY): 178.56, 130.41(-), 130.21(-), 85.45(-), 64.41(+), 57.68(-), 38.70,
35.38(-), 32.57(+), 32.53(+), 32.39(+), 31.92(+), 30.52(+),
29.69(+), 29.35(+), 29.17(+), 29.07(+), 29.00(+), 28.62(+),
27.58(+), 27.20(-), 26.14(-), 25.87(+), 22.67(+), 14.88(-),
14.07(-), [+ = CH, - = CH, CH]

Palladium on charcoal (10%, 0.70 g) was added to a stirring soluti(E/2)f2,2-dimethyl-
propionic acid-(16R, 17R)-16-methoxy-17-methyl-pentatriacont-8-enyl ¢2t60 g, 4.11
mmol) in IMS (100 ml) and ethyl acetate (25 ml). The mixture was stirred while being

hydrogenated under hydrogen atmosphere. When no more hydrogen was absorbed the mixture
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was filtered through a pad of celite and washed with warmed ethanol (100 ml). The clear

a3

colourless filtrate was evaporated to give a white soli@,2fdimethyl-propionic acid-(16R,
17R)-16-methoxy-17-methyl-pentatriacontyl e§22) as a colourless oil (2.36 g, 91%).

Physical properties:

Vma/cm™: 2922, 2852, 1731, 1155

3y (500 MHz, CDCY): 4.04 (2H, tJ 6.65 Hz), 3.34 (3H, s), 2.95 (1H, m), 1.33-1.23 (56
H, m including s), 1.19 (9H, s), 0.88 (3HJ1%.95 Hz), 0.85 (3H,
d, J6.9 Hz)

3¢ (500 MHz, CDCY): 178.56, 85.44(-), 64.43(+), 57.67(-), 38.70, 35.37(-), 32.40(+),

31.91(+), 30.51(+), 29.96(+), 29.92(+), 29.68(+), 29.55(+),
29.51(+), 29.34(+), 29.22(+), 28.62(+), 27.56(+), 27.18(),
26.16(+), 25.90(+), 22.66(+), 20.97(), 14.86(.), 14.17(-),
14.07(-), [+ =CH, - = CH, CH]

[a]p?* +6.08 °, (c = 1.19, CHG); reported as §] p*% +6.8 ° (c = 1.49,
CHC)

3.3.2.22 Preparation of (16R,17R)-16-methoxy-17-methyl-pentatriacontan-1-ol (23)

N

MOH
17 s

e}

Potassium hydroxide (0.84 g, 14.97 mmol) in methanol (20 ml) was added to a stirring solution
of (16R,1MR)-1-tert-butoxy-16-methoxy-17-methyl-pentatriacontgi2@) (2.35 g, 3.71 mmol)

in THF (50 ml) at RT. The reaction mixture was stirred overnight at 40 °C. When TLC showed
that no starting material was left, the reaction was quenched with water (100 ml) and a mixture
of petroleum ether/diethyl ether (1:1, 100 ml). The organic layer was separated and the
aqueous layer re-extracted with petroleum ether/diethyl ether (2 x 50 ml). The combined
organic layers were washed with brine (60 ml), dried and evaporated to give a white solid
which was purified by column chromatography on silica gel eluted with petroleum
ether/diethyl ether (2:1) to give a white solid @16R,17R)-16-methoxy-17-methyl-
pentatriacontan-1-0(23) (1.81 g, 89%).
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Physical properties:

Vma/cm™: 3373, 2921, 1098, 1076
m.p. 46-48 °C
o (500 MHz, CDCY): 3.65 (2H, gqJ 6.6 Hz), 3.35 (3H, s), 2.96 (1H, m), 1.64 (1H, m),

1.58, (6H, pent, J 6.9 Hz), 1.4-1.24 (54H, m including s), 1.10
(1H, m), 0.89 (3H, t &.95 Hz), 0.85 (3H, d, 6.95 Hz)

3¢ (500 MHz, CDCJ): 85.45(-), 63.10(+), 57.71(), 35.30(-), 32.81(+), 32.34(+),
31.92(+), 30.46(+), 29.98(+), 29.93(+), 29.69(+), 29.60(+),
20.42(+), 29.36(+), 27.56(+), 26.16(+), 25.73(+), 22.68(+),
14.88(-), 14.11(-), [+ = Ch - = CH, CH]

[a]p?* +7.76 °, (c = 1.03, CHG); reported as §]p*% +7.9 ° (c = 1.40,
CHCL)

3.3.2.23 Preparation of (16R,17R)-1-bromo-16-methoxy-17-methyl-pentatriacontane (24)

™~

ME‘W
17

15

il|[e)

N-Bromosuccinimide (0.75 g, 4.21 mmol, 1.3 mol eg.) was added in portions over 15 minutes
to a stirring solution of (18,11R)-16-methoxy-17-methyl-pentatriacontan-1¢(28) (1.80 g,

3.26 mmol) and triphenylphosphine (0.94 g, 3.58 mmol, 1.1 mol eq.) in dichloromethane (50
ml) at O °C. The reaction mixture was stirred at RT for 1 hour. When TLC showed that no
starting material was left, the reaction was quenched with saturated solution of sodium meta-
bisulfite (50 ml). The organic layer was separated and the aqueous layer re-extracted with
dichloromethane (2 x 30 ml). The combined organic layers were washed with water, dried and
evaporated to give a residue which was treated with a mixture of petroleum ether/diethyl ether
(2:1, 100 ml). The mixture was refluxed for 30 minutes. The triphenylphosphine oxide was
filtered off and washed with petroleum ether/diethyl ether (50 ml). The filtrate was evaporated
and the residue was purified by column chromatography on silica gel eluted with petroleum
ether/diethyl  ether (10:0.2) to give (16R,17R)-1-bromo-16-methoxy-17-methyl-
pentatriacontan€24) as a white solid (1.65 g, 82%).
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Physical properties:

Vma/cm™: 2929, 2849, 1099,717
m.p. 38-40 °C
o (500 MHz, CDCY): 3.42 (2H, tJ 6.9 Hz), 3.35 (3H, s), 2.96 (1H, m), 1.86 (2H, pent,

J 6.95 Hz), 1.64 (1H, m), 1.45-1.2 (60 H, m including s), 0.89
(3H, 1, J6.6 Hz), 0.85 (3H, d, 6.95 Hz)

3¢ (500 MHz, CDCJ): 85.44(-), 57.71(-), 35.29(-), 34.06(+), 32.84(+), 32.34(+),
31.92(+), 30.46(+), 29.98(+), 29.93(+), 29.70(+), 29.62(+),
20.54(+), 29.44(+), 29.36(+), 28.77(+), 28.18(+), 27.57(+),
26.16(+), 22.69(+), 14.89(-), 14.12(-), [+ = €H= CH, CH]

[a]p?® +5.98 °, (c = 1.06, CHG); reported as f]p*% +6.5° (c = 1.16,
CHCly)

3.3.2.24 Preparation of 5-((16R,17R)-16-methoxy-17-methyl-pentatriacontyl-1- sulfanyl)-1-
phenyl-1H-tetrazole (25)

ilile)

My

(16R,1R)-1-Bromo-16-methoxy-17-methyl-pentatriacontgi2d) (1.60 g, 2.60 mmol) was

added to a stirring solution of 1-phenytetrazol-5-thiol (0.51 g, 2.86 mmol) and potassium
carbonate (1.44 g, 10.42 mmol) in acetone (60 ml) at RT. After 23 hours of stirring, TLC still
showed that starting material was left. A further amount of 1-phettkefrazol-5-thiol (0.2 g)

was added and the mixture was stirred overnight at RT. Then the solvent was evaporated and
the residue diluted with a mixture of petroleum ether/diethyl ether (1:1, 150 ml) and water (100
ml). The organic layer was separated and the aqueous layer re-extracted with petroleum
ether/diethyl ether (2 x 50 ml). The combined organic layers were dried and evaporated to give

a pale yellow viscous oil which was purified by column chromatography on silica gel eluting
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with petroleum ether/diethyl ether (10:1) to give((16R,17R)-16-methoxy-17-methyl-
pentatriacontyl-1-sulfanyl)-1-phenyl-1H-tetraz@®5) as colourless viscous oil (1.65 g, 89%).

a3

Physical properties:

Vma/cm™: 2928, 2861, 1097

34 (500 MHz, CDCY): 7.58 (5H, m), 3.41 (2H, 11 7.25 Hz), 3.35 (3H, s), 2.96 (1H, m),
1.83 (2H, pentJ 7.25 Hz), 1.63 (1H, m), 1.47-1.20 (62H, m
including s), 1.10 (1H, m), 0.89 (3H,X6.65 Hz), 0.85 (3H, d]
6.95 Hz)

dc (500 MHz, CDCY): 130.03(-), 129.75(-), 123.88(-), 85.48(-), 57.72 (-), 35.40(-),
33.42(+), 32.42(+), 31.93(+), 30.54(+), 29.98(+), 29.95(+),
29.70(+), 29.63(+), 29.55(+), 29.44(+), 29.36(+), 29.11(+),
29.04(+), 28.66(+), 27.58(+), 26.19(+), 22.68(+), 14.89(-),
14.10(-), [+ = CH, - = CH, CH]

[a]p™®: +6.79 °, (c = 1.03, CHG); reported as f] p>* +6.18 (c = 1.12,
CHCl)

3.3.2.25 Preparation of 5-((16R,17R)-16-methoxy-17-methyl-pentatriacontane-1-sulfonyl)-
1-phenyl-1H-tetrazole (26)

A solution of ammonium heptamolybdate(VI)tetrahydrate (2.48 g, 2.30 mmol, 1.1 mol eq.) in
ice cold HBO, 35% (w/w, 11 ml) was added to a stirring solution of 5H168R)-16-methoxy-
17-methyl-pentatriacontyl-1-sulfanyl)-1-phenytetrazole(25) (1.62 g, 2.28 mmol) in THF

(30 ml) and IMS (70 ml) at 5 °C and stirred at RT for 1 hour. A further solution of ammonium
heptamolybdate(V)tetrahydrate (1.42 g, 1.15 mmol) in ice cold,F5% (w/w, 5 ml) was
added and the mixture was stirred overnight at RT. Dichloromethane (60 ml) and water (300

ml) was added, the organic layer separated and the aqueous layer re-extracted with
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a3

dichloromethane (2 x 30 ml). The combined organic layers were washed with water, dried and
evaporated to give a residue which was purified by column chromatography on silica gel
eluting with petroleum ether/diethyl ether (10:1) to givg16R,17R)-16-methoxy-17-methyl-
pentatriacontane-1-sulfonyl)-1-phenyl-1H-tetraz(26) as a white solid (1.1 g, 65%).

Physical properties:

VmadCmi™ 2924, 2849, 1343, 1157, 1096
m.p. 42-44.°C
& (500 MHz, CDCY): 7.71 (2H, m), 7.61 (3H, m), 3.74 (2H, distorted {7.85 Hz),

3.34 (3H, s), 2.96 (1H, m), 1.96 (2H, m), 1.63 (1H, m), 1.50-1.20
(63H, m including s), 0.89 (3H, §,6.65 Hz), 0.86 (3H, d] 6.6
Hz)

3¢ (500 MHz, CDCY): 153.56, 133.11, 131.44(-), 129.70(-), 125.10(-), 85.48(-),
57.72(-), 56.07(+), 35.40(), 33.42(+), 32.42(+), 31.93(+),
30.54(+), 29.98(+), 29.95(+), 29.70(+), 29.66(+), 29.57(+),
29.47(+), 29.36(+), 29.19(+), 29.11(+), 28.90(+), 28.66(+),
28.16(+), 27.58(+), 26.19(+), 22.68(+), 21.20(+), 14.89(-),
14.10(-), [+ =CH, - = CH, CH]

[a]p?® +5.46 °, (c = 1.08, CHG); reported as f]p** +5.65 ° (c =
1.90, CHCY)

3.3.2.26 Preparation of cis-cyclopropane-1,2-dicarboxylic acid dimethyl ester (27b)

Sodium methoxide (25.60 g, 0.66 mol) was added to a stirring mixture of methylacrylate (100
ml, 1.54 mol) and methylchloroacetate (41.50 ml, 0.66 mol) in an ice bath at 20-32 °C over 1
hour. The reaction is strongly exothermic. The reaction mixture was stirred at 18-25 °C for 1
hour. Water (150 ml) was added, stirred for 10 minutes and the organic phase washed with
brine (2 x 50 ml) and the combined aqueous phases were re-extracted with dichloromethane (2
x 50 ml). The combined organic phases were dried and the solvent evaporated to give a pale

yellow oil. This oil was distilled at 1 mm Hg, and collected in four fractions. The fractions
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were analysed by GLC. The programme: initial temperature was 80 °C for 1 minute, increase
rate of 20 °C/minute up to 240 °C, and then for 1 minute at 240 °C. The oven temperature was
80 °C. Peaks observed were: at 0.94 minutedréms-ester, at 1.15 minutes tles-ester, at

1.55, 2.20, 1.93, 2.51, 3.09, 4.04 and 5.06 minutes high boiling point impurities. The rough

composition of the different fractions was as follow:

Boiling trans-
Fraction| Yield point ester cis-ester |impurities
1 719 <40 °C 0 0 0.2
2 409 40-70 °C 1.6 2.5 0.2
3 8.73g| 70-80°C 0.1 4.2 0.7
4 12g¢g 80-95 °C 0.02 2.3 15

The fractions containing theis-stereoisomer were separated by column chromatography on
silica gel eluted with petroleum ether/diethyl ether (9:1) to give a colourlesi®il,
cyclopropane-1,2-dicaboxylic acid-dimethylegigrb) (32.74 g, 31%) (68).

Physical properties:

Vma/cm™; 3626, 3003, 2955, 1720

3u (500 MHz, CDCY): 3.70 (6H, s), 2.08 (2H, dd,6.9, 8.5 Hz), 1.70 (1H, ddd,5, 6.6,
13.2 Hz), 1.26 (1H, dt, 8.05, 8.55 Hz)

3c (500 MHz, CDCY): 170.21, 51.98(+), 21.23(+), 11.64(-), [- = £H = CH, CH]

[a]p?® +0.18 ° (c = 1.51, CHG)

3.3.2.27 Preparation of (cis-2-hydroxymethylcyclopropyl)-methanol (28)

HOA/OH

LiAIH 4 (0.2 g) was added to stirring THF (300 ml) at -20 °C under nitrogen to check the
dryness of the THF. Then LIAIH9.00 g, 237.09 mmol, 2 mol eq.) was added. A solution of
cis-cyclopropane-1,2-dicaboxylic acid dimethyl es{grb) (18.73 g, 118.55 mmol) in THF
(100 ml) was added drop-wise at -20 °C and the mixture refluxed for 1 hour. A freshly

prepared saturated solution of sodium sulfate decahydrate (30 ml) was added at -20 °C and
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stirred for 30 minutes at RT. The mixture was filtered through a pad of silica gel, dried and the
solvent evaporated to give a colourless oi{a$-2-hydroxymethylcyclopropyl)-methar{@B)
(11.42 g, 95%) (68).

Physical properties:

VimadCm™: 3320, 3003, 2885

31 (500 MHz, CDC}): 4.09 (2H, m), 3.24 (2H, m), 1.28 (2H, m), 0.80 (1H, m), 0.20
(1H, m)

3¢ (500 MHz, CDC} ): 62.95(+), 17.48(-), 8.49(+), [+ = GH = CH, CHj]

[a]p?®: -0.2 ° (c = 1.15, CHG)

3.3.2.28 Preparation of butyric acid cis-2-butyryloxymethylcyclopropylmethyl ester (29)

A

Butyric anhydride (37.53 g, 237.25 mmol, 2.2 mol eq.) was added cig2-(
hydroxymethylcyclopropyl)-methan@28) (11.00 g, 107.84 mmol). The mixture was refluxed
at 140 °C for 1 hour and then cooled to RT. Dichloromethane (200 ml) and sodium hydroxide
solution (14 g in 200 ml water) were added and then extracted. The aqueous layer was re-
extracted with dichloromethane (2 x 50 ml) and the combined organic layers were washed with
sodium bicarbonate solution (100 ml). The organic phase was dried, the solvent evaporated and
the excess butyric anhydride distilled at high vacuum. The crude product was purified by
column chromatography eluted with petroleum ether/diethyl ether (5:1) to give a colourless oil
of butyric acid cis-2-butyryloxymethylcyclopropylmethyl e§28) (23.69 g, 91%) (68).
Physical properties:
Vima/Cmi™: 2966, 2877, 1725
Oy (500 MHz, CDCY): 4.25 (2H, ddJ 6.9, 11.95 Hz), 3.97 (2H, dd,7.85, 11.95), 2.30

(4H, t,J 7.55 Hz), 1.67 (4H, sexted, 7.25 Hz), 1.33 (2H, m),

0.96 (6H, tJ 7.25 Hz), 0.90 (1H, di] 5.05, 8.2 Hz), 0.35 (1H, q,

J5.65 Hz)
dc (500 MHz, CDCY): 173.52, 64.12(+), 36.15(+), 18.40(+), 14.65(-), 13.59(-), 8.58(+),

[+ = CH,, - = CH, CH]
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[a]p?® +0.2 ° (c = 1.65, CHG)

9

3.3.2.29 Preparation of butyric acid cis-2-hydroxymethylcyclopropylmethyl ester (30)

A

o

Lipase (1 g, PPL (Pig pancreas lipase), type Il) was added to a flask fitted with a glass pH
electrode which had been accurately calibrated, containing a gently stirring solution of distilled
water (161 ml) and ethylene glycol (41 ml) at 3 °C under a steady stream of nitrogen. Butyric
acid cis-2-butyryloxymethylcyclopropylmethyl estgf9) (10.50 g, 43.38 mmol) was then
added. When hydrolysis began, pH decreased due to the formation of butyric acid. The pH was
brought back to 6.5 by the careful addition of sodium hydroxide (1M) whilst maintaining the
temperature at 3 °C. More lipase (0.75 g) was added to the reaction mixture after 1 hour and
sodium hydroxide solution was added drop-wise during the reaction to keep the pH at 6.5. The
total added sodium hydroxide solution was 45 ml and it took 4 ¥ hours. The mixture was
filtered through a pad of celite; the pad of celite was then washed with water (25 ml) and then
ether (50 ml). A saturated solution of sodium bicarbonate (60 ml) was added, pH 8.44, and
then neutralised by ammonium chloride solution to pH 7.4. The mixture was extracted with
ether (2 x 300 ml) and the combined organic layers were dried. The solvent was evaporated
and the crude product was purified by column chromatography on silica gel eluted with
petroleum ether/diethyl ether (1:1) to give a colourless oil batyric acid cis-2-
hydroxymethylcyclopropylmethyl est80) (5.39 g, 72%) (68).
Physical properties:
Vma/cm™: 3417, 2966, 1732, 1186, 1046
34 (500 MHz, CDCY): 4.46 (1H, dd) 5.7, 12 Hz), 3.83 (2H, m), 3.39 (1H, dH9.15,
11.65 Hz), 2.30 (2H, t] 7.55 Hz), 2.21 (1H, broad s), 1.65 (2H,
sextet,J 7.25 Hz), 1.30 (2H, m), 0.94 (3H, 1,7.55 Hz), 0.84
(1H, dt, J5.05, 8.5 Hz), 0.22 (1H, q,5165 Hz)
dc (500 MHz, CDCY): 173.62, 64.37(+), 62.46(+), 36.20(+), 18.58(-), 18.37(+),
14.36(-), 13.56(-), 7.68(+), [+ = GH- = CH, CH]
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[a]p?%: +19.35 ° (c = 1.33, CHG), reported as fjp?% +18.2° (c =
1.58, CHC}) by Grandjean et al. (68)

a3

3.3.2.30 Preparation of butyric acid cis-2-bromomethyl cyclopropylmethyl ester (31)

A

o

Triphenylphosphine (8.78 g, 33.43 mmol, 1.15 mol eq.) and butyric agd-
hydroxymethylcyclopropylmethyl este(30) (5 g, 29.07 mmol) were dissolved in
dichloromethane (150 ml) at RT and then cooled to ONe#Gtomosuccinimide (6.57 g, 36.92
mmol, 1.27 mol eq.) was added portion wise over 20 minutes at 0-4 °C. The mixture was
allowed to reach RT and then stirred for 1 hour. When TLC showed that no starting material
was left, a saturated solution of sodium bisulfate (140 ml) was added and the mixture was
extracted. The aqueous layer was re-extracted with dichloromethane (2 x 50 ml) and the
combined organic layers were washed with water (100 ml). The solution was dried and the
solvent evaporated. Petroleum ether/diethyl ether (1:1, 250 ml) was added and the mixture
stirred for 30 minutes at RT. The triphenylphosphonium oxide was filtered off and washed
thoroughly with a mixture of petroleum ether/diethyl ether (1:1). The solvent was evaporated
and the crude product purified by column chromatography on silica gel eluted with petroleum
ether/diethyl ether (4:1) to give a colourless oil dbutyric acid cis-2-
bromomethylcyclopropylmethyl es{@l) (6 g, 88%).
Physical properties:
Vma/Cm'™: 2966, 2876, 1734, 1181, 986
Oy (500 MHz, CDCY): 4.22 (1H, ddJ 6.95, 12 Hz), 4.03 (1H, dd,8.5, 12.3 Hz), 3.51

(1H, dd,J 7.55, 10.4 Hz), 3.38 (1H, dd,8.2, 10.4 Hz), 2.29 (2H,

t,J 7.6 Hz), 1.65 (2H, sexted,7.25 Hz), 1.48 (2H, m), 1.01 (1H,

dt, J5.35, 8.2 Hz), 0.94 (3H, t,4.6 Hz), 0.36 (1H, q, 83.65 Hz)

3c (500 MHz, CDCY): 173.52, 63.31(+), 36.13(+), 33.96(+), 19.29(-), 18.36(+),
17.96(-), 13.59(-), 12.49(+), [+ = GH = CH, CH]

[a]p?* -9.69 ° (c = 1.37, CHG); reported as f]p>> -10.6° (c = 0.81,
CHCly)
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3.3.2.31 Preparation of butyric acid (1R,2S)-2-(1-phenyl-1H-tetrazol-5-ylsulfanylmethyl)-
cyclopropyl methyl ester (32)

N S\/A\/O Pr
/ Y \H/
N
\ ;

N/N

a3

Butyric acidcis-2-bromomethylcyclopropylmethyl esté1) (8.00 g, 34.04 mmol) was added
to a stirring solution of 1-phenyl-1H-tetrazol-5-thiol (6.67 g, 37.44 mmol) and potassium
carbonate (9.89 g, 71.48 mmol) in acetone (250 ml) at RT and the reaction mixture was stirred
for 19 hours at RT. When TLC showed that no starting material was left, the mixture was
added to water (1.5 L) and extracted with dichloromethane (250 ml). The aqueous layer was
re-extracted with dichloromethane (2 x 80 ml) and the combined organic layers were washed
with brine (2 x 200 ml), dried and evaporated. The crude product was purified by column
chromatography on silica gel eluted with petroleum ether/diethyl ether (2:1) to give a pale
yellow oil of  butyric acid (R,29-2-(1-phenyl-1H-tetrazol-5-ylsulfanylmethyl)-
cyclopropylmethyl estg32) (10.95 g, 88%).
Physical properties:
Found M + N&: 355.1185, GsH-o0N4sNaO,S requires: 355.1199
Vma/Cm'™: 2965, 2875, 1732, 1500, 1174, 983, 763
34 (500 MHz, CDCY): 7.57 (5H, m), 4.34 (1H, dd] 6.6, 12.25 Hz), 3.96 (1H, dd,
9.15, 11.95 Hz), 3.59 (1H, dd,7.85, 13.25 Hz), 3.43 (1H, dd,
7.9, 13.55 Hz), 2.27 (2H, 8§ 7.55 Hz), 1.64 (2H, sexted, 7.55
Hz), 1.51 (1H, m), 1.41 (1H, m), 0.97 (1H, dt5.4, 8.2 Hz),
0.93 (3H, t, J 7.25 Hz), 0.40 (1H, q5J7 Hz)
dc (500 MHz, CDCY): 173.45, 154.25, 133.81, 130.05(+), 129.73(+), 123.84(+),
63.72(-), 36.20(-), 34.18(-), 18.38(-), 16.39(+), 15.53(+),
13.61(+), 10.96(-), [- = CKH + = CH, CH]
[a]p?* -1.28 ° (¢ = 1.14, CHG); reported as §]p°% -1.2° (c = 1.06,
CHCl)
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3.3.2.32 Preparation of butyric acid (1R,2S)-2-(1-phenyl-1H-tetrazol e-5-sulfonylmethyl)-
cyclopropyl methyl ester (33)

a3

A solution of ammonium heptamolybdate(VI)tetrahydrate (18.59 g, 15.06 mmol) in ice cold
H.O, 35% (w/w, 50 ml) was added to a stirring solution of butyric adrl3J-2-(1-phenyl-
1H-tetrazol-5-ylsulfanylmethyl)-cyclopropylmethyl est&?2) (10.00 g, 30.12 mmol) in THF
(125 ml) and IMS (250 ml) at 10 °C and stirred at RT for 2 hours. A further solution of
ammonium heptamolybdate(VI)tetrahydrate (5.03 g, 4.07 mmol) in ice cadd 35% (w/w,
15 ml) was added and the mixture stirred for 19 hours at RT. The reaction mixture was poured
into water (1.5 L) and extracted with dichloromethane (1 x 300 ml, 2 x 80 ml). The combined
organic layers were washed with water (700 ml), dried and evaporated to give a residue which
was purified by column chromatography on silica gel eluted with petroleum ether/diethyl ether
(2:1) to give a thick pale yellow oil obutyric acid (R,2S)-2-(1-phenyl-1H-tetrazole-5-
sulfonylmethyl)-cyclopropylmethyl es{&8) (10.18 g, 93%).
Physical properties:
Found M + N&: 387.1079, GsH-oNsNaQ:S requires: 387.1097
Vma/cm™: 2967, 1731, 1343, 1153, 765
34 (500 MHz, CDCY): 7.70 (2H, m), 7.63 (3H, m), 4.37 (1H, dil5.7, 12.3 Hz), 4.03

(1H, dd,J 5.4, 14.85 Hz), 3.92 (1H, dd,8.2, 12 Hz), 3.67 (1H,

dd,J 8.85, 15.15 Hz), 2.31 (2H,3,7.55 Hz), 1.67 (2H, sextel,

7.55 Hz), 1.49 (2H, m), 1.03 (1H, dtbJ7, 8.5 Hz), 0.97 (3H, t, J

7.55 Hz), 0.60 (1H, g, 8.7 Hz)
dc (500 MHz, CDCY): 173.33, 153.70, 133.14, 131.45(+), 129.68(+), 125.17(+),

63.37(-), 56.76(-), 36.13(-), 18.41(-), 14.73(+), 13.61(+), 9.70(-),

8.68(+), [-=CH, + = CH, CH]
[a]p?* +44.22 ° (c = 1.10, CHG); reported as §]p>> +52.7 ° (c =

1.45, CHCY)
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3.3.2.33 Preparation of 6-bromo-hexanal (34)
/\/\/\/O
Br

6-Bromo-hexan-1-ol (10.00 g, 55.25 mmol, see Preparation of 6-Bromo-hexan-1-ol, section
3.3.2.11) in dichloromethane (30 ml) was added to a stirring suspension of pyridinium
chlorochromate (29.95 g, 138.94 mmol) in dichloromethane (300 ml) at RT. The mixture was
stirred for 3 hours at RT. When TLC showed no starting material was left, the mixture was
poured into diethyl ether (500 ml) and filtered through a pad of silica gel, then washed well
with diethyl ether. The filtrate was evaporated to give a residue which was purified by column
chromatography on silica gel eluted with petroleum ether/diethyl ether (5:1, then 1:1) to give
6-bromo-hexanaf34) as a colourless oil (6.31 g, 64%).

Physical properties:

o4 (500 MHz, CDCY): 9.77 (1H, t,J 1.25 Hz), 3.40 (2H, tJ 6.9 Hz), 2.46 (2H, dt)
7.25, 1.25 Hz), 1.88 (2H, pentpJ6 Hz), 1.66 (2H, pent, .25 Hz), 1.48 (2H, m)
dc (500 MHz, CDCY): 201.96(+), 43.59 (-), 33.23 (-), 32.42 (-), 27.64(-), 21.16(-), [- =

CH,, + = CH, CH]

3.3.2.34 Preparation of butyric acid (1R,2S)-2-(7-bromo-heptyl)-cyclopropyl methyl ester
(35)

Bf\/\/\/\/AVO\(Pf

(0]

Lithium bis(trimethylsilyl)amide (46.66 ml, 49.56 mmol, 1.06 M, 2 mol eq.) was added drop-
wise to a stirring solution of butyric acidR125)-2-(1-phenyl-H-tetrazole-5-sulfonylmethyl)-
cyclopropylmethyl este(33) (9.00 g, 24.73 mmol) and 6-bromo-hexa(®4) (5.31 g, 29.67

mmol, 1.2 mol eq.) in dry THF (130 ml) under nitrogen at “@0The reaction mixture was
allowed to reach RT and was then stirred for 16 hours. The reaction was quenched with water
(100 ml) and petroleum ether/diethyl ether (1:1, 100 ml). The organic layer was separated and
the aqueous layer re-extracted with petroleum ether/diethyl ether (1:1, 2 x 50 ml). The

combined organic layers were washed with brine (2 x 100 ml), dried and evaporated to give a
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thick dark yellow oil which was purified by column chromatography on silica gel eluted with
petroleum ether/diethyl ether (9:1) to givmutyric acid 2-((E/Z)-7-bromo-hept-1-enyl)-
cyclopropylmethyl estgb6.80 g, 74%).

Butyric acid 2-(E/2)-7-bromo-hept-1-enyl)-cyclopropylmethyl ester (5.75 g, 18.14 mmol) was
dissolved in THF (150 ml). 2,4,6-Triisopropylbenzene sulfonohydrazide (14.88 g, 49.88 mmol,
2.75 mol eq.) was added and the reaction mixture was stirred at 50 °C for 20 hours. A further
2,4,6-triisopropylbenzene sulfonohydrazide (3.7 g, 12.40 mmol, 0.68 mol eq.) was added and
the reaction was stirred at 50 °C for 22 hours. The mixture was diluted with petroleum
ether/diethyl ether (1:1, 200 ml) and a solution of NaOH in water (100 ml, 2%) and extracted.
The aqueous layer was re-extracted with petroleum ether/diethyl ether (1:1, 2 x 50 ml) and the
combined organic layers were washed with water (100 ml), dried and evaporatst¥IR
showed that there was still some starting material left. The hydrogenation was repeated:
Butyric acid 2-(E/Z)-7-bromo-hept-1-enyl)-cyclopropylmethyl ester (5.75 g, 18.14 mmol) was
dissolved in THF (70 ml). 2,4,6-Triisopropylbenzene sulfonohydrazide (5.4 g, 18.14 mmol, 1
mol eq.) was added and the reaction mixture was stirred at 50 °C for 3 hours. A further 2,4,6-
triisopropylbenzene sulfonohydrazide (5.4 g, 18.14 mmol, 1 mol eq.) was added and the
reaction was stirred at 50 °C for 24 hours. The mixture was diluted with petroleum
ether/diethyl ether (1:1, 100 ml) and a solution of NaOH in water (200 ml, 2%) and extracted.
The organic layer was separated and the aqueous layer re-extracted with petroleum
ether/diethyl ether (1:1, 2 x 100 ml). The combined organic layers were washed with water
(150 ml), dried and evaporateéti NMR showed that there was no more starting material left.
The crude product was purified by column chromatography on silica gel eluting with
petroleum ether/diethyl ether (10:1) to giveutyric acid (R,2S)-2-(7-bromo-heptyl)-
cyclopropylmethyl estg85) as a colourless oil (4.61 g, 80%).
Physical properties:
Found M + N&: 341.1021, GH,BrNaQ; requires: 341.1087
Vma/Cmi™: 3066, 2962, 2855, 1734
Oy (500 MHz, CDCY): 4.19 (1H, ddJ 6.9, 11.65 Hz), 3.93 (1H, dd,8.8, 11.65), 3.41

(2H, t,J 6.95 Hz), 2.30 (2H, t) 7.25 Hz), 1.86 (2H, pend, 6.9

Hz), 1.67 (2H, sextet] 7.25 Hz), 1.4 (5H, m), 1.32 (4H, m), 1.23

(1H, m), 1.13 (1H, m), 0.96 (3H, § 7.25 Hz), 0.87 (1H, m),

0.74 (1H, dt, .75, 8.55 Hz), 0.02 (1H, q,514 Hz)
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8¢ (500 MHz, CDCY): 173.81, 65.07(+), 36.32(+), 33.93(+), 32.79(+), 29.81(+),

20.28(+), 28.74(+), 28.53(+), 28.12(+), 18.50(+), 16.17(-),
14.17(-), 13.66(-), 9.77(+) [+ = GH- = CH, CH]

[a]p?* +10.03 ° (c = 1.50, CHG); reported as §]p>: -14.31° (c =
1.2, CHCh)

a3

3.3.2.35 Preparation of (1R,2S)-2-(7-bromo-heptyl)-cyclopropyl methanol (36)

Br\/\/\/\A/OH

Anhydrous potassium carbonate (5.17 g, 37.39 mmol, 2.65 mol eq.) was added to a stirring
solution of butyric acid [R,25-2-(7-bromo-heptyl)-cyclopropylmethyl est@5) (4.5 g, 14.11
mmol) in methanol (30 ml) and THF (20 ml) at room temperature. The reaction was stirred for
4 hours at 45 °C. When TLC showed that no starting material was left, the mixture was diluted
with water (200 ml) and diethyl ether (100 ml). The organic layer was separated and the
aqueous layer re-extracted with diethyl ether (2 x 50 ml). The combined organic layers were
washed with brine, dried and evaporated to give an oily residue which was purified by column
chromatography on silica gel eluting with petroleum ether/diethyl ether (5:1) to gy2Z5)-R-
(7-bromo-heptyl)-cyclopropyl-methan@6) (2.97 g, 85%).
Physical properties:
Found M + N&: 271.0623, ¢H,:BrNaO requires: 271.0668
Vima/Cmi™: 3345, 2934, 2859
Oy (500 MHz, CDCY): 3.65 (1H, ddJ 7.25, 11.35 Hz), 3.57 (1H, dd,8.2, 11.35 Hz),
3.41 (2H, t,J 6.95 Hz), 1.86 (2H, pend,6.95 Hz), 1.43 (6H, m),
1.33 (4H, m), 1.22 (1H, m), 1.10 (1H, m), 0.86 (1H, m), 0.71
(1H, dt, J4.7, 8.5 Hz), -0.03 (1H, g,5.05 Hz)

3¢ (500 MHz, CDCJ): 63.27(+), 33.97(+), 32.78(+), 29.98(+), 29.28(+), 28.70(+),
28.47(+), 28.10(+), 18.13(-), 16.09(-), 9.45(+), [+ =CH= CH,
CHy]

[a]p? +12.87 ° (c = 1.65, CHG); reported as §p°> -18.9° (c =
1.04, CHCY)
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3.3.2.36 Preparation of (1S,2R)-2-(7-bromo-heptyl)-cyclopropane carbal dehyde (37)

a3

\\\\\\‘ 17 7 5 B r

(1R,25)-2-(7-Bromo-heptyl)-cyclopropyl-methan(86) (1.0 g, 4.02 mmol) in dichloromethane
(10 ml) was added to a stirring suspension of pyridinium chlorochromate (2.17 g, 10.05 mmol,
2.5 mol eq.) in dichloromethane (35 ml) at RT. The mixture was stirred for 3 hours at RT and
when TLC showed that no starting material was left, the mixture was poured into diethyl ether
(200 ml) and filtered through a pad of silica gel, then washed thoroughly with diethyl ether and
the filtrate evaporated to give a residue which was purified by column chromatography on
silica gel eluted with petroleum ether/diethyl ether (5:2) to ¢i&2R)-2-(7-bromo-heptyl)-
cyclopropane carbaldehyd87) as a colourless oil (0.75 g, 76%).
Physical properties:
Found M + N&: 269.04, GiH19BrNaO requires: 269.0511
Vma/Cmi™: 3436, 2928, 2855, 1704
34 (500 MHz, CDCY): 9.37 (1H, dJ 5.4 Hz), 3.41 (2H, t) 6.6 Hz), 1.87 (3H, m), 1.60
(1H, m), 1.49 (2H, m), 1.41 (3H, m), 1.32 (5H, m), 1.24 (1H, dt,
J4.75, 7.9 Hz), 1.19 (1H, dt,5105, 6.6 Hz)

5 (500 MHz, CDCY): 201.64(-), 33.90(+), 32.71(+), 29.79(+), 28.98(+), 28.59(+),
28.05(+), 28.02(+), 27.71(-), 24.75(-), 14.71(+), [+ =LCH=
CH, CHy

[a]p?* +8.19 ° (c = 1.28, CHG); reported as f]p>% -10.1° (c = 1.62,
CHCly)
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3.3.2.37 Preparation of (1S,2R)-1-(7-bromo-heptyl)-2-((17R,18R)-17-methoxy-18-methyl-

hexatriacontyl)-cyclopropane (38)

9

™~

lll|[e}

\\\\“‘4 ..""I/ M\
/W\\ W I\py

Lithium bis(trimethylsilyl)amide (46.70 ml, 49.56 mmol, 1.06 M, 2 mol eq.) was added drop
wise to a stirring solution of §2R)-2-(7-bromo-heptyl)-cyclopropane carbaldeh{@i§ (5.31
g, 29.67 mmol) and 5-((F§1R)-16-methoxy-17-methyl-pentatriacontane-1-sulfanyl)-1-
phenyl-H-tetrazole(26) (9 g, 24.73 mmol, 1.2 mol eq.) in dry THF (50 ml) under nitrogen at -
2 °C. The reaction mixture was allowed to reach RT and stirred for 1 hour. When TLC showed
that no starting material was left, the reaction mixture was quenched with a saturated solution
of ammonium chloride (100 ml) and petroleum ether/diethyl ether (1:1, 100 ml). The organic
layer was separated and the aqueous layer re-extracted with petroleum ether/diethyl ether (1:1,
2 x 50 ml). The combined organic layers were washed with brine (100 ml), dried and
evaporated to give a pale yellow oil which was purified by column chromatography on silica
gel eluted with petroleum ether/diethyl ether (9:1) to giv§2R)-1-(7-bromo-heptyl)-2-
((E/2)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropasea colourless oil (5.80 g, 74%).
Physical properties:
34 (500 MHz, CDCY): 5.52 (1H, m), 5.17 (1H, dd, J 8.55, 15.45 Hz), 3.41 (2BIFt95
Hz), 3.35 (3H, s), 2.96 (1H, m), 2.01 (2H, 16.95 Hz), 1.87
(2H, pent,J 6.9 Hz), 1.64 (1H, m), 1.46-1.20 (70H, m including
s), 1.11 (2H, m), 0.89 (3H, 4,6.95 Hz), 0.85 (3H, d] 6.95 Hz),
0.80 (1H, dt, 4.4, 8.5 Hz), 0.12 (1H, q,5.35 Hz)
3¢ (500 MHz, CDC)): 127.84(-), 125.56(-), 85.45(-), 57.71(-), 35.36(-), 33.95(+),
32.85(+), 32.74(+), 32.39(+), 31.93(+), 30.51(+), 29.98(+),
29.94(+), 29.79(+), 29.70(+), 29.62(+), 29.56(+), 29.36(+),
29.30(+), 29.17(+), 29.07(+),28.87(+), 28.77(+), 28.17(+),
27.58(+), 26.17(+), 22.69(+), 18.43(-), 18.20(-), 14.88(-),
14.10(-), 12.30(+), [+ = CK - = CH, CH]
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2,4,6-Triisopropylbenzene sulfonohydrazide (14.88 g, 49.88 mmol, 2.75 mol eq.) was added to
a stirring  solution of ($2R)-1-(7-bromo-heptyl)-2-((E/Z)-17-methoxy-18-methyl-
hexatriacontyl)-cyclopropane (5.75 g, 18.14 mmol) in THF (150 ml) at RT. The reaction
mixture was stirred at 52 °C for 3 hours, followed by the addition of another mole equivalent
of 2,4,6-triisopropylbenzene sulfonohydrazide (5.41 g, 18.14 mmol) and stirred under the same
conditions for another 24 hours. The mixture was diluted with petroleum ether/diethyl ether
(1:1, 100 ml) and a solution of NaOH in water (100 ml, 2%) and extracted. The organic layer
was separated and the aqueous layer was re-extracted with petroleum ether/diethyl ether (1:1, 2
x 50 ml) and the combined organic layers were washed with brine (100 ml), dried, filtered
through a pad of silica gel and washed with petroleum ether. The filtrate was evaporated to
give a colourless residutHd NMR showed that there was still some starting material left and
the same procedure was repeated. The crude product was purified by column chromatography
on silica gel eluting with petroleum ether/diethyl ether (10:1) to gi&2R)-1-(7-bromo-
heptyl)-2-(17-methoxy-18-methyl-hexatriacontyl)-cycloprop@8g as a colourless oil (4.61 g,
80%).
Physical properties:
Vma/cm™: 2922, 1464, 1098, 720
oy (500 MHz, CDCY): 3.42 (2H, t,J 6.95 Hz), 3.35 (3H, s), 2.96 (1H, m), 1.87 (2H,
pent,J 6.9 Hz), 1.64 (1H, m), 1.48-1.2 (73H, m including s),
1.18-1.06 (4H, m), 0.89 (3H, §,6.95 Hz), 0.86 (3H, dJ 6.95
Hz), 0.66 (2H, m), 0.57 (1H, df 4.1, 7.9 Hz), -0.32 (1H, g
5.35 Hz)
dc (500 MHz, CDCY): 85.45(-), 57.71(-), 35.35(-), 34.01(-), 32.86(+), 32.39(+),
31.92(+), 30.50(+), 30.22(+), 30.07(+), 29.98(+), 29.94(+),
29.70(+), 29.41(+), 29.36(+), 28.82(+), 28.72(+), 28.65(+),
28.19(+), 27.58(+), 26.16(+), 24.10(-), 22.69(+), 15.78(-),
15.72(-), 14.88(-), 14.10(-), 10.93(+), [+ = §H = CH, CH]
[a]p?* +5.17 ° (c = 1.44, CHG); reported as §]p*% +5.5 ° (c = 1.29,
CHCl)
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3.3.2.38 Preparation of 5-(7-[1S,2R]-2-((17R,18R)-17-methoxy-18-methyl-hexatriacontyl)-
cyclopropyl)-heptyl sulfanyl)-1-phenyl-1H-tetrazole (39)

a3

™~

A
A TN,

N\N

1-(7-Bromo-heptyl)-2-((1R,18&R)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropan€38)
(0.5 g, 0.65 mmol) in THF (10 ml) was added to a stirring solution of 1-phéhygttazol-5-
thiol (0.13 g, 0.72 mmol, 1.1 mol eq.) and potassium carbonate (0.35 g, 2.50 mmol, 3.8 mol

mio

eq.) in acetone (30 ml) at RT. The reaction mixture was stirred for 5 hours at 40 °C and then at
RT for 16 hours. When TLC showed that no starting material was left, the mixture was diluted
with water (50 ml) and dichloromethane (100 ml). The organic layer was separated and the
aqueous layer was re-extracted with dichloromethane (2 x 50 ml). The combined organic layers
were washed with brine (2 x 200 ml), dried and evaporated to give an oil which solidified later.
The crude product was purified by column chromatography on silica gel eluted with petroleum
ether/diethyl ether (2:1) to give a oil & (7-[1S,2R]-2-((17R,18R)-17-methoxy-18-methyl-
hexatriacontyl)-cyclopropyl)-heptyl sulfanyl)-1-phenyl-1H-tetrazole (29)95 g, 88%).
Physical properties:
Found M + N&: 887.7434, gH100NsNaOS requires: 887.7510
Vma/Cm'™: 2926, 2851, 1509, 1464, 1097
34 (500 MHz, CDCY): 7.57 (5H, m), 3.41 (2H, 1 7.55 Hz), 3.35 (3H, s), 2.96 (1H, m),
1.83 (2H, pentJ 7.25 Hz), 1.63 (1H, m), 1.45-1.25 (72H, m
including s), 1.13 (4H, m), 0.89 (3H,1,6.6 Hz), 0.85 (3H, dj
7.05 Hz), 0.65 (2H, m), 0.57 (1H, dt4.1, 8.2 Hz), -0.33 (1H, q,
J5.05 Hz)
3¢ (500 MHz, CDC)): 130.03(-), 129.75(-), 123.87(-), 85.45(-), 57.71(-), 35.35(-),
33.40(+), 32.38(+), 31.92(+), 30.50(+), 30.22(+), 30.08(+),
29.98(+), 29.94(+), 29.75(+), 29.70(+), 29.41(+), 29.36(+),
29.09(+), 28.72(+), 28.64(+), 27.57(+), 26.16(+), 22.69(+),
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15.76(-), 15.70(-), 14.88(-), 14.10(-), 10.93(+), [+ =£H= CH,

CHjg]
[a]p>: +4.44 ° (c = 1.07, CHG); reported as f]p*% +3.9 ° (c = 1.21,
CHC)

a3

3.3.2.39 Preparation of 5-(7-[1S,2R]-2-((17R,18R)-17-methoxy-18-methyl-hexatriacontyl)-
cyclopropyl)-heptyl sulfonyl)-1-phenyl-1H-tetrazole (40)

/H\./\éﬁ/\\\\\\‘“ *,, i, %/ a/
7 14

7

OQ—n=—=0

A solution of ammonium heptamolybdate(VI)tetrahydrate (0.36 g, 0.29 mmol, 0.5 mol eq.) in
ice cold HO, 35% (w/w, 5 ml) was added drop-wise to a stirring solution of 5&7ZH-2-
((17R,1&R)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropyl)-heptyl  sulfanyl)-1-phenyl-
1H-tetrazole(39) (0.50 g, 0.58 mmol) in THF (20 ml) and IMS (20 ml) at 5 °C and stirred at
RT for 1 hour, then 3 more identical solutions of ammonium heptamolybdate(VI)tetrahydrate
in ice cold HO, 35% (w/w) were added over the next hour. The reaction mixture was stirred
for 16 hours at RT and then diluted with water (100 ml) and dichloromethane (50 ml). The
organic layer was separated and the aqueous layer was re-extracted with dichloromethane (2 x
50 ml). The combined organic layers were washed with brine (100 ml), dried and evaporated to
give a residue which was purified by column chromatography on silica gel eluting with
petroleum ether/diethyl ether (5:1) to give an oibgf{7-[1S,2R]-2-((17R,18R)-17-methoxy-18-
methyl-hexatriacontyl)-cyclopropyl)-heptyl sulfonyl)-1-phenyl-1H-tetraz@i®) (10.18 g,
93%).
Physical properties:
Found M + N&: 919.7339, gH10dN4NaGsS requires: 919.6469
Vma/Cm'™: 2908, 1596, 1499, 1464, 1343, 1153, 1099, 760
34 (500 MHz, CDCY): 7.71 (2H, m), 7.63 (3H, m), 3.74 (2H, distorted 7.9 Hz), 3.35

(3H, s), 2.96 (1H, m), 1.97 (2H, pert/.55 Hz), 1.63 (1H, m),

1.52 (2H, m), 1.48-1.2 (70H, m including s), 1.13 (4H, m), 0.89
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(3H, t,J 6.65 Hz), 0.86 (3H, d) 6.65 Hz), 0.66 (2H, m), 0.58

(1H, dt, J3.75, 7.85 Hz), -0.32 (1H, q,5105 Hz)

3¢ (500 MHz, CDCY): 131.44(), 129.70(-), 125.08(-), 85.45(), 57.71(), 56.05(+),
35.35(-), 31.92(+), 30.49(+), 30.22(+), 29.99(+), 29.94(+),
20.76(+), 29.69(+), 29.36(+), 29.16(+), 28.96(+), 28.73(+),
28.50(+), 28.16(+), 27.57(+), 26.16(+), 25.07(+), 22.68(+),
21.95(+), 15.76(-), 15.66(-), 14.88(), 14.10(-), 10.93(+), [+ =
CHy, - = CH, CHJ

[a]p?>: +4.40 ° (c = 1.0, CHG); reported as §]p>% +4.13° (c = 1.45,
CHCly)

9

3.3.2.40 Preparation of 2-(8-iodo-octyloxy)-tetrahydro-pyran (41)

|/\/\/\/\/O\(j
3,4-Dihydro-H-pyran (29.67 g, 0.35 mol, 1.5 mol eq.) and pyridinipitoluene sulfonate
(3.02 g, 0.012 mol, 0.05 mol eq.) were added to a stirring solution of 8-bromo-octan-1-ol
(49.14 g, 0.235 mol, section 3.3.2.17) in dry dichloromethane (300 ml) under nitrogen at 5-10
°C. The reaction was stirred for 2 hours at RT, when TLC showed no starting material was left,
the reaction mixture was washed with saturated solution of NagHE@ ml), and then

extracted with dichloromethane (3 x 200 ml). The organic layer was dried and evaporated to
give 2-(8-bromo-octyloxy)-tetrahydro-pyr&68.91 g, >99%).

Nal (109 g, mol, 3 mol eq.) was dissolved in acetone (400 ml) and stirred at RT. 2-(8-bromo-
octyloxy)-tetrahydro-pyran (68.91 g, 0.235mol) was added and then NatHOJ7 g, 1 mol

eg.) was added. The reaction mixture was refluxed for 3 hours and then stirred overnight at RT.
The reaction mixture was cooled down and the solvent was evaporated. The residue was
diluted with water (400 ml) and dichloromethane (300 ml), the organic layer was separated and
the aqueous layer re-extracted with dichloromethane (2 x 200 ml). The organic layer was dried
and evaporated to give a yellow residue which was purified by column chromatography on
silica gel eluted with petroleum ether/diethyl ether (10:1) to givean @#(8fiodo-octyloxy)-
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tetrahydro-pyran(41) (71.47 g, 89%). A few drops of triethylamine were added to the silica

9

gel when the column was packed.

Physical properties:

Vma/cm™: 2936, 2854

31 (500 MHz, CDCY): 4.57 (1H, tJ 2.5 Hz), 3.86 (1H, m), 3.72 (1H, dd#6.95, 9.45,
16.4 Hz), 3.49 (1H, m), 3.38 (1H, ddd 6.6, 9.45, 16.05 Hz),
3.18 (2H, t,J 7.25 Hz), 1.82 (3H, m), 1.71 (1H, m), 1.63-1.48
(6H, m), 1.42-1.28 (8H, m)

3¢ (500 MHz, CDCY): 98.82(-), 67.56(+), 62.32(+), 33.49(+), 30.75(+), 30.40(+),
29.66(+), 29.20(+), 28.43(+), 26.12(+), 25.48(+), 19.67(+),
7.17(+), [+ = CH, - = CH, CH]

3.3.2.41 Preparation of 11-(tetrahydro-pyran-2-yloxy)-undecan-1-ol (42)

Ho\e/o o

Ammonia gas was condensated to liquid ammonia into a 1 L flask (500 ml) and mechanically
stirred while lithium wire (4.93 g, 0.68 mol, 2.5 mol eq. of alcohol) was cut up in tiny pieces
and added one by one. The reaction mixture was stirred for 20 minutes where after propagyl
alcohol (15.5 g, 0.27 mol, 1.3 mol eq.) in dry ether (30 ml) was added drop-wise and then
stirred for another 40 minutes. 2-(8-lodo-octyloxy)-tetrahydro-pydah (71.00 g, 0.21 mol)

in dry ether (30 ml) was added, the reaction mixture was stirred for 5 hours while being kept
cool with liquid nitrogen. Then the stirring was stopped and the mixture was left overnight at
RT for the ammonia to evaporate. Ether (700 ml) and sulfuric acid (100 ml, 10%) was added to
the residue and stirred until the residue was dissolved. The ether layer was decanted off, more
ether and sulfuric acid was added and the reaction mixture stirred. The ether layer was then
decanted again, water was added and the mixture extracted with ether (2 x 250 ml). The
combined organic layers were washed with water (500 ml), brine (500 ml) and N4P&ID

ml). The product was then dried and evaporated to give a dark oil of tiuftetrahydro-
pyran-2-yloxy)-undec-2-yn-1-¢b2.36 g, 94%).

Physical properties:
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&4 (500 MHz, CDCY): 457 (1H, tJ 2.55 Hz), 4.24 (2H, s), 3.87 (1H, m), 3.73 (1H, m)
3.48 (1H, m), 3.38 (1H, m), 2.20 (2H, m), 1.91 (1H, broad s),
1.82 (1H, m), 1.70 (1H, m), 1.62-1.48 (8H, m), 1.40-1.28 (8H,
m)

3¢ (500 MHz, CDCY): 98.83(-), 86.39, 78.39, 67.64(+), 62.32(+), 51.28(+), 30.73(+),
29.65(+), 29.24(+), 28.95(+), 28.69(+), 28.50(+), 26.12(+),
25.46(+), 19.65(+), 18.67(+), [+ = GH = CH, CH]

a3

Nickel acetate tetrahydrate (10.20 g, 0.04 mol, 0.2 mol eq.) was stirred in ethanol (400 ml)
while the flask was being filled with hydrogen. Sodium borohydride (1.81 g, 0.04 mol, 0.2 mol
eq.) in ethanol (60 ml) was added and the mixture was stirred for 30 minutes at RT. 11-
(Tetrahydro-pyran-2-yloxy)-undec-2-yn-1-ol (52.36 g, 0.21 mol) in ethanol (50 ml) was added
and the reaction mixture stirred while being hydrogenated under hydrogen atmosphere. When
no more hydrogen was absorbed, the mixture was filtrated through a pad of celite on silica gel
and washed with ether (triethyl amine was added to the silica gel). Water and dichloromethane
was added and the organic layer was separated. The aqueous layer was re-extracted with
dichloromethane (2 x 300 ml). The combined organic layers were dried and evaporated to give
a dark residue which was purified by column chromatography on silica gel eluted with
petroleum ether/diethyl ether (5:2, then 1:1) to give a yellow ollle{tetrahydro-pyran-2-
yloxy)-undecan-1-042) (43.85 g, 83%).
Physical properties:
Vima/Cmi™: 3416, 2940
Oy (500 MHz, CDCY)): 4.58 (1H, tJ 2.85 Hz), 3.88 (1H, m), 3.73 (1H, ddH6.9, 9.45,
16.4 Hz), 3.64 (2H, ddd] 5.65, 6.6, 13.25 Hz), 3.50 (1H, m),
3.38 (1H, dddJ 6.6, 9.45, 16.05 Hz), 1.83 (1H, m), 1.71 (1H,
m), 1.66 (1H, s), 1.62-1.50 (8H, m), 1.38-1.26 (14H, m)
dc (500 MHz, CDCY): 98.82(-), 67.67(+), 63.02(+), 62.31(+), 32.79(+), 30.77(+),
29.72(+), 29.55(+), 29.52(+), 29.48(+), 29.44(+), 29.38(+),
26.20(+), 25.71(+), 25.49(+), 19.67(+) [+ = gH= CH, CH]
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3.3.2.42 Preparation of crude 2,2-dimethyl-propionic acid-11-(tetrahydro-pyran-2-yloxy)-
undecyl ester (43)

11-(Tetrahydro-pyran-2-yloxy)-undecan-1-(42) (43.66 g, 0.16 mol) and triethyl amine
(2449 g, 0.24 mol, 1.5 mol eq.) was stirred in dichloromethane (400 ml). 4-
Dimethylaminopyridine (1.00 g, 0.01 mol) was added and the mixture was cooled to 5 °C.
Trimethyl acetyl chloride (25.3 g, 0.21 mol, 1.3 mol eq.) was added slowly and the reaction
mixture was stirred at RT for 3 hours. When TLC showed that no starting material was left, the
reaction was quenched with water (500 ml) and dichloromethane. The organic layer was
separated and the aqueous layer re-extracted with dichloromethane (2 x 150 ml). The combined
organic layers were washed with water, dried and evaporated to give a yellow oil c2,&ude
dimethyl-propionic acid-11-(tetrahydro-pyran-2-yloxy)-undecyl egt8y (57.32 g, >99%).
Physical properties:
Vma/cm™: 2932, 2854, 1811, 1728
Oy (500 MHz, CDCY): 4.57 (1H, tJ 2.55 Hz), 4.04 (2H, 1] 6.6 Hz), 3.87 (1H, m), 3.72
(1H, ddd,J 6.95, 9.45, 16.4 Hz), 3.50 (1H, m), 3.38 (1H, ddld,
6.6, 9.45, 16.05 Hz), 1.83 (1H, m), 1.71 (1H, m), 1.63-1.50 (8H,
m), 1.37-1.25 (14H, m), 1.19 (9H, s)
Oc (500 MHz, CDCY): 178.60, 98.80(+), 67.64(-), 64.42(-), 62.29(-), 40.15(+), 39.09(-),
38.68(-), 30.75(-), 29.72(-), 29.51(-), 29.45(-), 29.44(-),
29.18(-), 28.58(-), 27.17(+), 26.47(+), 26.20(-), 25.87(-),
25.48(-), 19.66(-), [- = CKH + = CH, CH]
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3.3.2.43 Preparation of 2,2-dimethyl-propionic acid-11-hydroxy-undecyl ester (44)

a3

O OH

v

11

p-Toluenesulfonic acid monohydrate (3.00 g, 0.016 mol, 0.1 mol eq.) was added to a stirring
solution of 2,2-dimethyl-propionic acid 11-(tetrahydro-pyran-2-yloxy)-undecyl egi8y

(57.32 g, 0.16 mol) in THF (100 ml), methanol (150 ml) and water (2 ml) at RT. The reaction
mixture was stirred at RT for 5 hours. When TLC showed that no starting material was left, the
mixture was diluted with a saturated solution of sodium bicarbonate (300 ml) and
dichloromethane (300 ml). The organic layer was separated and the aqueous layer was re-
extracted with dichloromethane (2 x 250ml). The combined organic layers were dried and
evaporated to give a residue which was purified by column chromatography on silica gel eluted
with petroleum ether/diethyl ether (5:2) to gi@2-dimethyl-propionic acid-11-hydroxy-
undecyl este(44) as a yellow oil (35.10 g, 80%).

Physical properties:

Found M + N&: 295.2238, GH3:NaQ; requires: 295.2244

Vmadcm™: 3384, 2929, 2855, 1731

31 (500 MHz, CDC}): 4.05 (2H, tJ 6.65 Hz), 3.64 (2H, 1) 6.6 Hz), 1.69 (1H, broad s),
1.65-1.54 (2H, m), 1.38-1.25 (14H, m), 1.19 (9H, s), 0.86 (2H,
m)

3c (500 MHz, CDCY): 178.67, 64.44(-), 63.05(-), 38.71(-), 32.77(-), 29.53(-), 29.45(-),

29.44(-), 29.38(-), 29.18(-), 28.59(-), 27.18(+), 25.87(-), 25.71(-),
22.59(-), [ = CH, + = CH, CH]
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3.3.2.44 Preparation of 2,2-dimethyl-propionic acid-11-oxo-undecyl ester (45)

a3

o\@/\O

10

2,2-Dimethyl-propionic acid 11-hydroxy-undecyl esté#) (17.50 g, 64.30 mmol) in
dichloromethane (50 ml) was added to a stirring suspension of pyridinium chlorochromate
(28.27 g, 128.60 mmol, 2 mol eq.) in dichloromethane (500 ml) at RT. The mixture was stirred
for 3 hours at RT. When TLC showed that no starting material was left, the mixture was
poured into diethyl ether (1 L), filtered through a pad of celite on silica gel, then washed
thoroughly with diethyl ether. The filtrate was evaporated to give a residue which was purified
by column chromatography on silica gel eluted with petroleum ether/diethyl ether (5:2) to give
2,2-dimethyl-propionic acid-11-oxo-undecyl eS#5) as a yellow oil (15 g, 86%).

Physical properties:

Vmadcm™: 2928, 1729, 1458, 1286

3n (500 MHz, CDCY): 9.76 (1H, t,J 1.55 Hz), 4.04 (2H, t) 6.65 Hz), 2.41 (2H, dt]
7.55, 1.9 Hz), 1.61 (4H, m), 1.37-1.25 (12H, m), 1.19 (9H, s)

3c (500 MHz, CDCY): 202.83(+), 178.62(-), 64.39(-), 43.86(-), 38.70(-), 29.38(-),

29.27(-), 29.14(-), 29.12(-), 28.57(-), 27.17(+), 25.85(-), 22.04(-),
[- = CHp, + = CH, CH]

3.3.2.45 Preparation of 13-(2,2-dimethyl-propionyloxy)-tridec-2-enoic acid methyl ester (46)

(Methoxycarbonylmethylene) triphenylphosphorane (43.31 g, 0.13 mol) was added to a stirring
solution of 2,2-dimethyl-propionic acid 11-oxo-undecyl eq@s) (30.00 g, 0.11 mol) in

toluene (500 ml). The reaction mixture was stirred overnight. The toluene was subsequently
evaporated to give a residue which was diluted with petroleum ether/diethyl ether (5:2, 500 ml)

and refluxed for 30 minutes. The mixture was filtrated and the precipitate washed with
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petroleum ether/diethyl ether (5:2). The filtrate was evaporated to give a residue which was
again diluted with petroleum ether/diethyl ether (5:2, 500 ml) and refluxed for 30 minutes. The
mixture was then filtrated, the precipitate washed with petroleum ether/ diethyl ether (5:2) and
the filtrate evaporated. The crude product was purified on silica gel gel eluted with petroleum
ether/diethyl ether (5:2) to give a colourless 0il18k(2,2-dimethyl-propionyloxy)-tridec-2-
enoic acid methyl est¢d6) (31 g, 85%).
Physical properties:
Found M + N&: 349.2339, GH3/NaQ, requires: 349.2349
Vma/cm™: 2928, 2855, 1729, 1158
34 (500 MHz, CDCY): 6.97 (1H, dt,J 6.95, 15.45 Hz), 5.81 (1H, d1,1.6, 15.45 Hz),
4.04 (2H, tJ 6.6 Hz), 3.72 (3H, s), 2.19 (2H, m), 1.61 (2H, pent,
J6.6 Hz), 1.45 (2H, m), 1.37-1.25 (14H, m), 1.19 (9H, s)
dc (500 MHz, CDCY): 178.61, 167.16, 149.74(+), 120.80(+), 64.41(-), 51.32(+),
38.70(-), 32.17(-), 29.42(-), 29.37(-), 29.30(-), 29.16(-), 29.07(-),
28.58(-), 27.98(-), 27.18(+), 25.87(-), [- = gH = CH, CH]

3.3.2.46 Preparation of (2S,3R)-13-(2,2-dimethyl-propionyl oxy)-2,3-dihydroxy-tridecanoic
acid methyl ester (47)

OH o]

(DHQD),PHAL ligand (0.55 g, 0.70 mmol, 0.01 mol eq.xR& (69.27 g, 0.21 mol, 3 mol

eq.), KCOs (29.08 g, 0.21 mol, 3 mol eq.) and Q9@.8 ml, 2.81 mmol, 0.04 mol eq.; 2.5 wt

% solution in 2-methyl-2-propanol) were dissolved in a mixture of water and 2-methyl-2-
propanol (800 ml, 1:1) at RT. MeS8H, (6.67 g, 0.07 mol, 1 mol eqg.) was added and the
mixture was cooled to 2 °C while being stirred vigorously. 13-(2,2-Dimethyl-propionyloxy)-
tridec-2-enoic acid methyl esté46) (23 g, 0.07 mol) was added at 2 °C. The reaction was
stirred at 2-4 °C for 8 hours. When TLC showed that no starting material was left, sodium
metabisulfite (20 g, mol) was carefully added. The mixture was allowed to reach RT and
stirred for 45 min, then extracted with dichloromethane (3 x 500 ml), dried and evaporated.

The crude product was purified on column chromatography on silica gel eluted with petroleum
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ether/ethyl acetate (5:1, then 1:1) to giy8S,3R)-13-(2,2-dimethyl-propionyloxy)-2,3-
dihydroxy-tridecanoic acid methyl est@7) as a colourless oil (25.60 g, >99%).

9

Physical properties:

Found M + N&: 383.2395, GHssNaG; requires: 383.2404

Vma/cm™: 3449, 2930, 2855, 1729

34 (500 MHz, CDC}): 4.11 (1H, m), 4.04 (2H, 1] 6.6 Hz), 3.89 (1H, m), 3.83 (3H, s),
3.08 (1H, broad s), 2.04 (1H, s), 1.61 (4H, m), 1.46 (1H, m),
1.38-1.23 (12 H, m), 1.19 (9H, s)

3¢ (500 MHz, CDCY): 178.66, 174.08, 73.07(+), 72.46(+), 64.44(-), 52.77(+), 38.71(-),
33.71(-), 29.45(-), 29.43(-), 29.41(-), 29.17(-), 28.58(-), 27.18(+),
25.87(-), 25.67(-), [- = Ch + = CH, CH]

[a]p?®: +9.70, (c = 1.34, CHG)

3.3.2.47 Preparation of (2S,3R)-5-[10-(2,2-dimethyl-propionyl oxy)-decyl]-2,2-dioxo-21°-
[1,3,2]-dioxathiolane-4-carboxylic acid methyl ester (48)

Hpikie

(2S,3R)-13-(2,2-Dimethyl-propionyloxy)-2,3-dihydroxy-tridecanoic acid methyl e<&f)

(25.50 g, 70.44 mmol) was dissolved in @C120 ml). Thionyl chloride (11.26 ml, 154.90
mmol, 2.2 mol eq.) was added and the mixture was vigorously refluxed for 2 hours. After
cooling, the solution was carefully diluted with ¢EN (120 ml), followed by the addition of
ruthenium trichloride hydrate (0.73 g, 3.52 mmol, 0.05 mol eq.) and N@®6 g, 105.66

mmol, 1.5 mol eq.). Water (180 ml) was then added drop-wise. The mixture was stirred
overnight and then poured into diethyl ether (600 ml). The organic layer was separated and the
aqueous layer re-extracted with diethyl ether (2 x 200 ml). The combined organic layers were
washed with water (100 ml), saturated solution of sodium bicarbonate (100 ml) and brine (100
ml), then dried and evaporated to give a dark residue. Sodium thiosulfate pentahydrate was
added to neutralise the iodine and the mixture was extracted with dichloromethane (2 x 200
ml). The organic layer was dried and evaporated. TLC showed that there was still starting

material left and the reaction was repeated by addition of &0Iml), acetonitrile (60 ml),
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ruthenium trichloride (0.5 g), Nald15 g) and water (90 ml). The reaction mixture was stirred

at RT and montored by TLC. After 30 min TLC showed that no starting material was left and

the mixture was diluted with diethyl ether (400 ml). The organic layer was separated and the

aqueous layer re-extracted with diethyl ether (2 x 100 ml). The combined organic layers were

washed as described, dried and evaporated to give a very dark residue which was purified by

column chromatography on silica gel eluted with petroleum ether/diethyl ether (1:1) to give a

colourless oil of (2S,3R)-5-[10-(2,2-dimethyl-propionyloxy)-decyl]-2,2-diox§-P1,3,2]-

dioxathiolane-4-carboxylic acid methyl es{dB) (16.73 g, 56%).

Physical properties:

Found M + N&: 445.1857, GuH34NaQsS requires: 445.1867

Vma/cm™: 2930, 2856, 1774, 1724

34 (500 MHz, CDCY): 4.95 (1H, dtJ 5.05, 7.25 Hz), 4.89 (1H, d,7.25 Hz), 4.05 (2H,
t, J 6.6 Hz), 3.90 (3H, s), 1.98 (2H, m), 1.64-1.45 (4H, m), 1.58-
1.45 (2H, m), 1.39-1.26 (12H, m), 1.20 (9H, s)

dc (500 MHz, CDCY): 178.63, 165.38, 84.06(+), 79.81(+), 64.39(-), 53.67(+), 38.71(-),
32.96(-), 29.36(-), 29.26(-), 29.15(-), 29.12(-), 28.81(-), 28.57(-),
27.18(+), 25.84(-), 24.76(-), [- = GH+ = CH, CH]

[a]p?® +31.17 ° (c = 1.03, CHg)l

3.3.2.48 Preparation of (R)-13-(2,2-dimethyl-propionyl oxy)-3-hydroxy-tridecanoic acid

methyl ester (49)
O\@/R'\)J\ o

10

(2S.3R)-5-[10-(2,2-Dimethyl-propionyloxy)-decyl]-2,2-dioxdv2[1,3,2]-dioxathiolane-4-

carboxylic acid methyl estd€d8) (22 g, 51.88 mmol) was dissolved in DMAC (300 ml) and
NaBH4 (2.26 g, 59.67 mmol, 1.15 mol eq.) was slowly added at O °C. The reaction mixture
was stirred at RT for 1 hour. When TLC showed that no starting material was left, the solvent
was distilled under high vacuum. The residue was diluted with THF (250 ml) and water (0.5
ml) and concentrated sulfuric acid (1.35 ml) added. The mixture was stirred for 1 hour where

after sodium metabisulfate (25 g) was added and stirred for another 30 minutes. This was then
124



UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
W YUNIBESITHI YA PRETORIA

a3

filtered through a pad of silica gel and washed with THF. The filtrate was evaporated to give a

residue which was purified by column chromatography on silica gel eluting with petroleum

ether/ethyl acetate (10:3) to gi(®)-13-(2,2-dimethyl-propionyloxy)-3-hydroxy-tridecanoic

acid methyl estef9.20 g, 52%).

Physical properties:

Found M + N&: 367.2427, GH3sNaQ; requires: 367.2455

Vma/cm™: 3517, 2922, 2854, 1732

Oy (500 MHz, CDCY): 4.04 (2H, tJ 6.6 Hz), 3.99 (1H, m), 3.71 (3H, s), 2.51 (1H, dd,
3.15, 16.4 Hz), 2.41 (1H, dd,9.15, 16.4 Hz), 1.61 (2H, pert,
6.6 Hz), 1.53 (1H, m), 1.43 (2H, m), 1.37-1.25 (5H, m), 1.19
(9H, s)

dc (500 MHz, CDCY): 178.61, 173.42, 67.99(+), 64.41(-), 51.66(+), 41.12(-), 38.68(-),
36.50(-), 29.46(-), 29.44(-), 29.42(-), 29.41(-), 29.15(-), 28.57(-),
27.16(+), 25.85(-), 25.42(-), [- = GH+ = CH, CH]

[a]p?® -10.0° (c = 1.23, CHG)

3.3.2.49 Preparation of (2R,3R)-2-allyl-[11-(2,2-dimethyl-propionyl oxy)-1-hydroxy-
undecyl]-pent-4-enoic acid methyl ester (50)

Hyed

Butyl lithium (3.05 ml, 6.40 mmol, 2.2 mol eq.) was added to a stirred solution of

4/12/;
\

diisopropylamine (0.65 g, 6.40 mmol, 2.2 mol eq.) in dry THF (40 ml) under nitrogen at -78
°C. The reaction mixture was allowed to reach RT and was re-cooled to -78 °C bef&®pe (
13-(2,2-dimethyl-propionyloxy)-3-hydroxy-tridecanoic acid methyl e§t8y (1 g, 2.91 mmol)

in dry THF (20 ml) was added drop-wise. The reaction mixture was allowed to slowly warm to
0 °C in the cold bath over 2 hours and then re-cooled to -65 °C before allylic iodide (0.32 ml,
3.49 mmol, 1.2 mol eqg.) and HMPA (1.01 ml, 5.81 mmol, 2 mol eq.) in dry THF (2 ml) was
added drop-wise. The reaction mixture was allowed to slowly warm to -5 °C in the cold bath

over 2 hours and the reaction monitored by TLC. When TLC showed that little starting
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material was left, ammonium chloride (10 ml) was added and the product extracted with

diethyl ether/ethyl acetate (1:1, 3 x 50 ml). The combined organic layers were washed with

brine (50 ml), dried and evaporated to give a residue which was purified by column

chromatography on silica gel eluted with petroleum ether/ethyl acetate (4:1) {@RI8R)-2-

allyl-[11-(2,2-dimethyl-propionyloxy)-1-hydroxy-undecyl]-pent-4-enoic acid methyl €sber

as a pale yellow oil (614 mg, 55%).

Physical properties:

Found M + N&: 407.2751, GHiNaG; requires: 407.2768

Vma/cm™: 3524, 2930, 2854, 1736, 1642

34 (500 MHz, CDCY): 5.75 (1H, m), 5.11 (1H, dd, J 0.95, 17 Hz), 5.05 (1H, bd d,
10.05 Hz), 4.05 (2H, t]) 6.65 Hz), 3.71 (3H, s), 2.55 (1H, m),
2.50-2.38 (2H, m), 1.62 (3H, pert6.3 Hz), 1.50-1.42 (4H, m),
1.37-1.25 (16H, m), 1.20 (9H, s)

dc (500 MHz, CDCY): 178.65, 175.33, 134.89(+), 117.18(+), 71.78(+), 64.44(-),
51.56(+), 50.54(+), 38.72(-), 35.57(-), 33.81(-), 29.50(-),
29.49(-), 29.47(-), 29.45(-), 29.20(-), 28.61(-), 27.21(+), 25.89(-),
25.71(-), [- = CH, + = CH, CH]

[a]p®> +1.08, (c = 1.15, CHG); reported as §]p™> +1.94 (c = 1.19,
CHCl)

3.3.2.50 Preparation of (1R, 2R)-1-acetoxy-11-oxoundecyl hexacosanoic acid methyl ester
(52)

Methyl (2R,3R)-3-acetoxy-2-tetracosanyl-13-hydroxytridecano®® (0.18 g, 0.286 mmaol,
kindly provided by Dr J. Al Dulayymi, University of Wales, Bangor, UK) in dichloromethane
(5 ml) was added to a stirring suspension of pyridinium chlorochromate (2.50 g, 1.13 mmol, 4
mol eq.) in dichloromethane (15 ml) at RT. The mixture was stirred for 1 hour at RT. When

TLC showed that no starting material was left, the mixture was poured into diethyl ether (200
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ml) and filtered through a pad of celite on silica gel, then washed thoroughly with diethyl ether.
The filtrate was evaporated to give a residue which was purified by column chromatography on
silica gel eluted with petroleum ether/diethyl ether (5:2) to iR, 2R)-l-acetoxy-11-
oxoundecyl hexacosanoic acid methyl e} as an oil (0.17 g, 96%).
Physical properties:
Vima/Cmi™: 2917, 2849, 1741
Oy (250 MHz, CDCY)): 9.73 (1H, t,J 1.8 Hz), 5.03 (1H, ddd) 4.2, 7, 11.3 Hz), 3.64

(3H, s), 2.57 (1H, ddd] 4.2, 6.7, 10.7 Hz), 2.38 (2H, d1,1.8,

7.2 Hz), 2.03 (3H, s), 1.95-1.08 (62H, br s), 0.88 (3H,7tHk)

Oc (250 MHz, CDCY): 202.9, 173.6, 170.3, 74.1, 51.5, 49.6, 43.9, 31.9, 31.7, 29.7, 29.3,
29.1, 28.1, 27.5, 25.0, 22.6, 22.0, 21.0, 14.1, [- 3,GH= CH,
CHg

[a]p? reported as +9.8 ° (c = 1.06, CH)!

3.3.2.51 Preparation of (R)-2-{(R)-1-acetoxy-18-[(1S,2R)-2-((17R,18R)-17-methoxy-18-
methyl hexatriacontyl)-cyclopropyl]-octadecyl}-hexacosanoic acid methyl ester (53)

N

0 oA O
/M\ W Y0 M O/
: 16 17 :
N 23( \)\

Lithium bis(trimethylsilyl)amide (0.45 ml, 0.427 mmol, 1.06 M, 1.3 mol eq. to sulfone) was
added drop wise to a stirring solution oR(2R)-1-acetoxy-11-oxoundecyl hexacosanoic acid
methyl ester(52) (0.174 g, 0.274 mmol) and 5-(742R]-2-((1R,1&R)-17-Methoxy-18-
methyl-hexatriacontyl)-cyclopropyl)-heptyl sulfonyl)-1-phenyi-tetrazole(40) (0.30 g, 0.33
mmol, 1.2 mol eq.) in dry THF (10 ml) under nitrogen at -°CO The reaction mixture was
allowed to reach RT and was then stirred for 1 hour. When TLC showed that no starting
material was left, the reaction mixture was quenched with a saturated solution of ammonium
chloride (5 ml) and diethyl ether (10 ml). The organic layer was separated and aqueous layer
was re-extracted with diethyl ether (3 x 10 ml). The combined organic layers were washed with
brine (20 ml), dried and evaporated to give a white solid which was purified by column
chromatography on silica gel eluting with petroleum ether/diethyl ether (10:1) tqR)n2
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{(E/2)-(R)-1-acetoxy-18-(1S,2R)-2-((17R,18R)-17-methoxy-18-methyl hexatriacontyl)-

cyclopropyl}-octadec-11-enyl}-hexacosanoic acid methyl ester (0.22 g, 60%).

B

(R)-2-{(E/2)-(R)-1-Acetoxy-18-(52R)-2-((1R,1&R)-17-methoxy-18-methyl hexatriacontyl)-
cyclopropyl}-octadec-11-enyl}-hexacosanoic acid methyl ester (0.215 g, 0.165 mmol) was
stirred in THF (10 ml) and methanol (5 ml), cooled to 5 °C and excess of dipotassium
azodicarboxylate was added. Acetic acid (3 ml) in methanol (2 ml) was added drop-wise to the
reaction mixture over 3 hours at RT. After 6 hours another portion of dipotassium
azodicarboxylate was added, followed by the addition of acetic acid (1ml) in methanol (1 ml)
and this was repeated 12 hours later. The reaction was stirred for a further 20 hours and then
poured into ammonium chloride (20 ml). A mixture of petroleum ether/diethyl ether (1:1, 50
ml) was added, the organic layer was separated and the aqueous layer was re-extracted with
petroleum ether/diethyl ether (1:1, 2 x 30 ml). The combined organic layers were dried and
evaporated. The procedure was repeated again for another 24 hours to give a white solid which
was purified by column chromatography on silica gel eluting with petroleum ether/ diethyl
ether (5:1) to give (R)-2-{(R)-1-acetoxy-18-(1S,2R)-2-((17R,18R)-17-methoxy-18-methyl
hexatriacontyl)-cyclopropyl}-octadecyl-hexacosanoic acid methyl €8e(194 mg, 90%).
Physical properties:
Vma/cm™: 2920, 1743, 1469, 1375, 1237, 1162, 719
Oy (500 MHz, CDCY): 5.09 (1H, dtJ 3.8, 7.9 Hz), 3.69 (3H, s), 3.35 (3H, s), 2.96 (1H,
m), 2.62 (1H, dddJ 4.4, 6.95, 14.8 Hz), 2.04 (3H, s), 1.68-1.58
(4H, m), 1.56-1.48 (1H, m), 1.46-1.20 (138 H, m including s),
1.18-1.05 (4H, m), 0.89, (6H, t, J 6.6 Hz), 0.85 (3H, d, J 6.9 Hz),
0.65 (2H, m), 0.57 (1H, di] 4.1, 7.9 Hz), -0.32 (1H, ¢} 5.05
Hz)
dc (500 MHz, CDCY): 173.65, 170.33, 85.45(-), 74.11(-), 57.70(-), 51.52(-), 49.59(-),
35.35(-), 32.39(+), 31.92(+), 31.72(+), 30.500(-), 30.32(+),
30.22(+), 29.98(+), 29.94(+), 29.70(+), 29.65(+), 29.56(+),
29.47(+), 29.44(+), 29.40(+), 29.36(+), 28.72(+), 28.12(+),
27.58(+), 27.47(+), 26.16(+), 24.99(+), 22.68(+), 22.61(+),
21.01(-), 15.78(-), 14.88(-), 14.10(-), 10.91(+), [+ =L£H= CH,
CHjy]
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[a]p®> +7.69 ° (c = 1.04, CHG); reported as f] p°* +7.17° (c = 1.32,
CHCl)

a3

3.3.252 Preparation of (R)-2-{(R)-1-hydroxy-18-[(1S,2R)-2-((17R,18R)-17-methoxy-18

methyl hexatriacontyl)-cyclopropyl]-octadecyl }-hexacosanoic acid (1)

llll@]
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Lithium hydroxide monohydrate (22 mg, 0.535 mmol) was added to a stirring solutid®)-of (
2-{(R)-1-acetoxy-18-[($2R)-2-((1 R,1&R)-17-methoxy-18-methylhexatriacontyl)-
cyclopropyl]-octadecyl}-hexacosnoic acid methyl est@&3) (50 mg, 0.038 mmol) in
tetrahydrofuran (8 ml), methanol (1 ml) and water (0.5 ml) at RT. The reaction mixture was
stirred at 43C for 24 hrs. When TLC showed that no starting material was left, the reaction
was cooled to room temperature and diluted with petroleum ether/diethyl ether (1:1, 30 ml) and
ammonium chloride (5 ml) and acidified with 5% HCI. The organic layer was separated and
the aqueous layer extracted with petroleum ether/diethyl ether (1:1, 2 x 20ml). The combined
organic layers were dried and evaporated to give a white solid which was purified by column
chromatography on silica gel eluted with petroleum ether/ethyl acetate (5:2) (R (R)-
1-hydroxy-18-[(1S,2R)-2-((17R,18R)-17-methoxy-18-methylhexatri-acontyl)-cyclopropyl]-
octadecyl}-hexacosnoic ac{d) (32 mg, 67%).

Physical properties:

Found M — H: 1252.2804, gH167/04 requires: 1252.2859

Vma/CM & 3516, 2917, 2850, 1718, 1462
m.p. 59-61 °C
34 (500 MHz, CDCY): 3.73-3.70 (1H, m), 3.35 (3H, s), 2.99-2.95 (1H, m), 2.48-2.44

(1H, m), 1.79-1.71 (1H, m), 1.67-1.61 (2H, m), 1.55-1.08 (145H,
m), 0.90-0.83 (9H, including a 3,7 Hz and a dJ 7 Hz), 0.68-
0.63 (2H, m), 0.56 (1H, br, di,4.05, 8.15 Hz), -0.32 (1H, br, q,
J5.05 Hz)
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3c(500 MHz, CDC}): 178.84, 85.56(-), 72.11(-), 57.67(-), 50.71(-), 35.55(+), 35.33(-),
32.35(+), 31.92(+), 30.47(+), 30.31(+), 30.22(+), 29.97(+),
20.93(+), 29.70(+), 29.66(+), 29.61(+), 29.58(+), 29.50(+),
20.42(+), 29.36(+), 28.71(+), 27.56(+), 27.33(+), 26.14(+),
25.72(+), 22.68(+), 15.77(-), 14.89(-), 14.11(-), 10.90(+), [+ =
CH,, - = CH, CHJ.

[a]p®> +6.95° (c = 1.05, CHGJ)

3.4 Biological activity/antigenicity of different synthetic mycolic acids

3.4.1 Results and discussion

The ability to synthesize complex molecules like MAs is in itself quite a challenge, especially

if the size, hydrophobicity, restricted solubility properties, huge variety and stereochemical
features of these molecules are taken into acount. To be able to select the correct structure
amongst the natural MAs and then synthesize it in such a way that it displays the same
biological activity as the natural product, eg. so perfectly that these molecules are also
recognised by TB antibodies the way the natural MAs are, is the ultimate achievement sought
to clearly understand how the molecules are put together in nature and for what reason. Prof
Baird and his group (University of Wales, Bangor, UK) are doing pioneering work on the
stereochemically synthesis of MAs and have synthesized a few different MAs, inclualing a

MA, a keto-MA and a couple of different diastereomers of methoxy-MA (6-8), the latter in

which | had the opportunity to participate.

As shown in Chapter 2 (secti@.1), antibodies in TBand TB patient serum recognised the
natural MA as well as the methoxy-MA subtype. This led to other questions: How important is
the stereochemistry of the functional groups in the methoxy-MA for recognition by antibodies?
The only way to determine this is to synthetize a particular enantiomer of one particular MA
subtype that is recognised by human antibodies and then to synthesize structural variants of
this basic structure that probes particular structural aspects in a systematic way to interrogate
every structural aspect of MA that may play a role in biological activity. The first challenge
was to synthesise a synthetic MA that was identical in structure to the natural MIA of
tuberculosis and to test it for antigenicity against human TB patient serum. For the
antigenicity/biological activity assay, different synthetic methoxy-MAs were kindly provided

by Dr J. Al Dulayymi (University of Wales, Bangor, UK) in addition to the synthesized
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methoxy-MA described in this chapter. Apart from the methoxy-MA, different synthetic keto-

and hydroxy-MAs were kindly provided by Gani Koza (University of Wales, Bangor, UK). For
antigenicity determination, the same ELISA assay was followed that was used in Chapter 2 for

the determination of activity of the natural MA and their sub-types.

The exact stereochemistry of the cyclopropane group in the mero chain of natural MA is not
known. The two possibilities dfis-stereochemistry around the cyclopropane gré&R (and

R,9 were included in two of the methoxy-MAs to determine if one would be favoured above
the other by antibodies in TBerum. The stereochemistry of the methyl methoxy-group in the
distal position in natural MA is thought to b8,S NMR analyses showed that the
stereochemistry is definitely eithe®,S or R,R, but notS,R or R,S The different

stereochemistries around the two loci of methoxy-MA, represented in the three synthetic

variants that were tested are shown in Figure 3.20.

AN
By R M
17 7 W ,(// : OH

16 17

Figure 3.20: The different diastereomers of synthetic methoxy-MAs tested for antigenicity against TB patient

serum.

Figure 3.21 shows the structures of the synthetic keto- and hydroxy-MAs that were also
included in the antigenicity assay. It is known that there is a small amoutrars-
cyclopropane MAs present in the natural MA. Should the synthetic keto- and hydroxy-MA be

recognized by patient antibodies, it would be interesting to learn how eithersthar the
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transcyclopropane influences this. Although, hydroxy-MA is not preseM.ituberculosisit
was included in this assay to see if the oxygenated group at that locus in the mero chain was
sufficient to be recognized by antibodies in"&&rum.

9

Keto-MA o

18 15

Hydroxy-MA

Rl (e}
T

18 15

A

Figure 3.21: Synthetic keto- and hydroxy-MAs

To prove that the interaction between sera and MAs are specific, a synthetic alpha-MA (7),

was O-acetylated at tH&OH and methylated at the carboxylic acid (Figurg2B.and was
included in the assay as a negative control.
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Figure 3.22: Synthetic acetylated alpha-MA methyl ester (MB)

This compound was chosen because it does not have a hydrogen donor group, which decrease:
the possibility of hydrogen bonds with antibodies. Moreover, the protection of the polar groups
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in the mycolic motif will also discourage the “W” structural arrangement which is already less

feasible for the alpha-MAs subclass. Therefore, this change in the three dimensional structure

should disrupt its hydrophobic interactions with antibodies against MAs (145, 146).
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Figure 3.23: ELISA results of human antibody binding to natural MA (MA) and various synthetic MA structures.
Antigens are natural MA isolate (MA, n=92 for positive serum, n=30 for negative serum); a synthetic protected
a-MA (MB, n=19 for positive serum, n=5 for negative serum ); a few different diastereomers of a synthetic
methoxy-MA, of which RR/SS describes the stereochemistry around the distal methoxy-methyl group, and RS/SR
describes the stereochemistry around the proximal cis-cyclopropane group respectively, i.e. RR-RS-methoxy
(n=20 for positive serum, n=8 for negative serum), RR-SR-methoxy (n=15 for positive serum, n=5 for negative
serum), SS-SR-methoxy (n=20 for positive serum, n=5 for negative serum); trans-cyclopropane-keto-MA (n=20
for positive serum, n=8 for negative serum) and cis-cyclopropane-keto-MA (n=20 for positive serum, n=7 for
negative serum); and trans-cyclopropane-hydroxy-MA (n=20 for positive serum, n=8 for negative eeauris;
cyclopropane-hydroxy-MA (n=20 for positive serum, n=8 for negative serum). The source of the antibodies was
sera collected from either TB positive or TB negative South African hospitalised patients of various adult age

groups. (Values are given as a mean + standard deviation).

Figure 3.23 summarises the ELISA results of the different synthetic MAs. It must be noted that
although the stereochemistry of these at the hydroxyl acid part is the same as that in the natural
material, the stereochemistry at the other functional parts may or may not be as in the natural
MA.
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Antibodies in TB patient serum recognised the natural MA, and a number of the deprotected
synthetic MAs. All of these were also recognised by serum fromp&Bents, as was seen
before with the different subclasses of natural MA (Fig 2.21, Chapter 2). There were, however,
no significant differences in the way that the various MAs were recognised by sera ffom TB
and TB patients. However, as seen in Fig 3.23 this is reversed and is statistically significant (P
< 0.01) only for the syntheti8SSR-methoxy-MA, which is recognised preferentially by TB
positive serum. This synthetic diastereomer is also the one that closest approximates the signal
strength of antibody binding to natural MA by TB positive patient sera. One can therefore
conclude thatSSSR-methoxy-MA is the best antigen for use in a serodiagnostic assay for
tuberculosis that is based on free MAs as antigen. In add8®8R-methoxy-MA may well
represent one of the antigenically active components that occurs in natural MA and that elicit
specific antibody production in patients with TRR-RSmethoxy-MA was also recognised
significantly better by TBserum compared to the TBerum (P < 0.01). It might be that this
diastereomer could be used to distinguish better betweénam® TB sera than with the
natural MAs, but more sera will have to be analyzed to substantiate this.

Similar to the negative control antigen, MB, ttnans., cis-cyclopropane-keto-MA, andis-
cyclopropane-hydroxy-MA were also not recognised by PAtient antibodies, butans
cyclopropane-hydroxy-MA was recognised weakly. This demonstrates that the antigenicity of
MA is not only dependent on the mycolic motif, but that the mero chain is critical in the
manifestation of biological activity. In terms of the oxygenated groups in the mero chain, the
methoxy is by far the most active, while some activity can be retained with a hydroxy group
substituting for methoxy. Irrespective of whether the keto- and hydroxy-MA represent the
natural material, the data clearly demonstrates the that structure of the mero chain is
importance for antigenicity. By comparing the resolution in signals of a8l TB sera
betweenSS-SRnethoxy-MA toRR-RS-andRR-SR-MA it is clear that the stereochemistry of

the mero chain plays a decisive role in their antigenicity. The nature of the stereochemistry of
the keto- and the hydroxyl groups are not known and therefore more structures need to be

analyzed.

| show, for the first time, that synthetic, stereochemically and diastereomerically pure MAs
showed biological activity and were recognised by PBtient serum. Surprisingly, these were
also recognised by TBpatient serum. One reason could be that cross-reactivity with

cholesterol antibodies might play a role. It is also possible that there are antibodies to other
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mycobacteria involving MAs, eg the saprophytic types. There may also be other unrecognised

explanations.

The hydrophobicity of both MA and cholesterol and their apparent molecular relation
(discussed in 1.1.7.4 and 3.1.3) suggests that the two entities could snugly fit together,
stabilized by hydrophobic forces. The specificity of MA for attracting cholesterol is
determined more by the type of oxygenated group (methoxy preferred) and its stereochemistry
(RR preferred), than by the stereochemistry of the cyclopropane group in the mero chain. These
two structural properties appear to be critical for defining the structural similarity of part of the

MA structure to cholesterol.

The similarity in structure of MA to cholesterol may have a profound effect on the virulence of
M. tuberculosisjn particular to their mechanism of entry into the host macrophage and their
sustenance, as referred to in Chapter 1 (section 1.1.2). This applies especially to the ability of
MA to attract cholesterol. To determine whether MA, in comparison to methylated MA
(mMA) and synthetic protected alpha-MA (MB) attracts cholesterol, a biosensor cuvette was
coated with MA-, mMA-, or MB-containing liposomes. Sensorgrams were generated by
exposing the coated surface to cholesterol-containing liposomes. This was done with a
resonant mirror biosensor as described by Siko (134). The resonant mirror biosensor works on
the principle that the angle at which light is internally reflected from a sensing surface
supported on a dielectric resonant layer, changes as mass accumulates onto it (41). This allows
real time analyses of dynamic molecular binding of soluble ligates to ligands that are
immobilised on the sensing surface (31). Figure 3.24 shows the coating of MA to the cuvette
surface of more than 2 000 arc seconds, and then binding of cholesterol. MB could be coated to

a similar degree of efficiency, while mMA coated even better at 3 000 arc seconds.
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Figure 3.24: A typical IAsys sensorgram to monitor binding of cholesterol to MA. 1: Activation of surface with
CPC, 2: PBS/AE wash step, 3: addition of MA liposomes, 4: PBS/AE wash step, 5: addition of cholesterol
liposomes, 6: PBS/AE wash step.
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Figure 3.25: Biosensor binding curves (the framed part of Figure 3.24) of cholesterol attraction to immobilized
natural MAs (MA, thick line / +), MA methyl esters (mMMA, dashed line / *) or acetylated synthetic alpha-MA
methyl ester (MB, thin line / -). Each line represents the typical curve of five repeats with the exact end points of

each indicated after 7.5 minutes exposure.
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Figure 3.25 shows that the MA-liposomes coated cuvette surface accumulated cholesterol from
the solution, but that the MA methyl esters and the acetylated synthetic MA methyl ester (MB)
were unable to do so (Student’s t-test showed no significant difference between mMA and MB
(P > 0.1), while the difference in binding of cholesterol to MA and MB was significant (P <
0.001).

It is clear that the attraction of cholesterol to MA is determined by the fine structure of the
ligand-receptor pair. The loss of antigenicity and cholesterol binding capability of the methyl
esters of MAs might be due to the requirement of free carboxylic acid to stabilize a
conformational folding of the long meromycolate chain to which cholesterol can bind.
Retzinger et al(118) and Villeneuve et a{145, 146) proposed that the long MA mero chain is
kinked and folded in the lipid bilayer as three tightly packed bends of hydrocarbon. Similar
folded conformations of oxygenated MA are proposed that can explain experimental
observations obtained in different studies (70). The alignment of the acyl chains by folding
may allow hydrophobic interactions by intra-molecular stacking that is enabled by the hairpin
bend induced by the proximalis-cyclopropane group. Methoxy-MA may bind better to
cholesterol than keto-MA by retaining a tetrahedral structure around the oxygenated carbon,
homologous to the structural architecture around the 3-hydroxy group of cholesterol. The
carboxylic acid part of the molecule plays an important role in its antigenicity for bétaritB

TB™ patient antibodies.

3.4.2 Materials and methods
3.4.2.1 Mycaolic acids used as antigensin ELISA

For the antigenicity/cholesterol binding activity assay, different synthetic MAs were kindly
provided by Dr J. Al Dulayymi and Gani Koza (University of Wales, Bangor, UK) in addition
to the synthesized methoxy-MA described in Chapter 3 (6, 7, 90).

3.4.2.1.1 Natural mycolic acids

Mycobacterial MAs were isolated from a culture Mf tuberculosisH37Rv as described by

Goodrum et al. (67), as a mixtureaf, keto- and methoxy-MAs (Figure 1.7).
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3.4.2.1.2 Synthetic acetylated alpha mycolic acid methyl ester (MB)

An a-MA was synthesized by Al Dulayynat al. (7) and was O-acetylated at f}#©H and

methylated at the-earboxylic acid.

3.4.2.1.3 Synthetic methoxy-MA (RR-RS-methoxy)

Deprotected as described in section 3.3.2.52.

3.4.2.1.4 Synthetic methoxy-MA (RR-SR-methoxy)
Demethylated and kindly provided by Dr J. Al Dulayymi (University of Wales, Bangor, UK).

3.4.2.1.5 Synthetic methoxy-MA (SS-SR-methoxy)
Deprotected and kindly provided by Dr J. Al Dulayymi (University of Wales, Bangor, UK).

3.4.2.1.6 Synthetic trastyclopropane-keto-MA

Synthesized and kindly provided by Gani Koza (University of Wales, Bangor, UK).

3.4.2.1.7 Synthetic cisyclopropane-keto-MA

Synthesized and kindly provided by Gani Koza (University of Wales, Bangor, UK).

3.4.2.1.8 Synthetic trastyclopropane-hydroxy-MA

Synthesized and kindly provided by Gani Koza (University of Wales, Bangor, UK).

3.4.2.1.9 Synthetic ciyclopropane-hydroxy-MA

Synthesized and kindly provided by Gani Koza (University of Wales, Bangor, UK).

3.4.2.2 Reagents and apparatus used in ELISA
As describe above in section 2.4.2.2t0 2.4.2.7.

3.4.2.3 Reagents and apparatus used in Biosensor assay

Natural mycolic acid (MA): Mycobacterial MAs were isolated from a culture Mof
tuberculosisH37Rv as described by Goodruet al. (67), as a mixture afi-, keto- and
methoxy-MAs (Figure 1.7).
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Synthetic a-mycolic acid (MB): Synthesized and kindly provided by Dr J. Al Dulayymi
(University of Wales, Bangor, UK) (7).

Phosphatidyl choline-99 (PC): stock solution of 100 mg/ml in chloroform (99%, Sigma, USA).
Cholesterol (5-cholester3®l, Standard for chromatography, Sigma, St. Louis, MD, USA):

stock solution of 100 mg/ml in chloroform.

Phosphate buffered saline (PBS): 20 x PBS stock was prepared by dissolving sodium chloride
(160 g; 99%, Merck, SA), potassium chloride (4 g; 99%, Merck, SA), di-hydrogen potassium
phosphate (4 g; 99%, Merck, SA) and di-sodium hydrogen phosphate (23 g; 99%, Merck, SA)

in double distilled de-ionized water to a final volume of 1000 ml.

1 x PBS: 50 ml 20 x PBS in 950 ml ddgl The pH of the solution was adjusted to 7.4 with 1
M NaOH.

PBS/Azide-EDTA (PBS/AE): EDTA (1 mM, Sigma, USA) and sodium azide (0.025% m/v,
Sigma, USA) in 1 x PBS.

Saline: 0.9% NaCl (Merck, SA).

Potassium hydroxide (KOH): 12.5 M (Merck, SA).

Ethanol (EtOH): 95% (Saarchem, SA).

Cetyl-pyridinium chloride (CPC): 0.02 mg/ml in PBS/AE (Sigma, St. Louis, MD, USA).
IAsys resonant mirror biosensor: IAsys Affinity Sensors, Bar Hill, Cambridge, UK.
Sonicator: Branson Sonifier B-30, USA.

3.4.2.4 Preparation of liposomes containing mycolic acids, synthetic acetylated a-mycolic

acid methyl ester (MB) or cholesterol

For the preparation of MA containing liposomes, PC (90 ul) was added to an amber glass vial
containing MA (1 mg), mixed well to dissolve the MA, dried at 80 °C under a strearp, of N
and then sonicated in saline (2 ml) for 2 minutes at RT. The MB containing liposomes and the
‘empty’ PC liposomes were made in the same way, MB liposomes with 1 mg of MB, and PC
liposomes with omission of the MAs. For the cholesterol-containing liposomes, PC (60 pl) and

cholesterol (30 pl) were added to an amber glass vial without MA, mixed well, dried,
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suspended in saline (2 ml) and sonicated as above. The liposomes were divided into 200 pl
aliquots, freeze-dried and stored at -20 °C until used. Before use, the liposomes were
reconstituted with PBS/AE (2 ml), heated at 80 °C for 15 minutes and then sonified as above.

The final liposome concentration came to 500 pg/ml.

3.4.2.5 Measurements of interaction between MA, MB and cholesterol

IAsys software was used to set the IAsys affinity biosensor at a data-sampling interval of 0.4 s,
temperature of 28C and stirring rate of 75%. Prior to use, the wells were regenerated by
washing 5 times with EtOH (50 pul), for 30 seconds, followed by washing 7 times with PBS/AE
(70 pl). The surface was then treated 5 times with KOH (50 pl) for 1 minute and finally
washing 7 times with PBS/AE (70 ul). PBS/AE (60 pl) was pipetted into each well of the
cuvette to obtain a stable baseline for 1 minute. The PBS/AE was subsequently aspirated and
the surface activated with CPC (50 pul) for 10 minutes. This was followed by washing five
times with PBS/AE (60 pl) and then substituting with PBS/AE (25 pl) for a new baseline
before immobilization of MA-containing or MB-containing liposomes (25 ul) to the surface
for 20 minutes. The immobilized liposomes were then washed 5 times with PBS/AE (60 pl)
and again substituted with PBS/AE (25 ul) before the cholesterol-containing liposomes (25 ul)
were added. Direct interaction between the immobilized MAs and cholesterol was monitored
for 10 minutes, after which the cuvette was washed 3 times with 60 pl PBS/AE and

regenerated as before.
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