E% University of
OPEN (2" ACCESS BRISTOL

Alhuwaymil, Z. S., Al-araj, I. Q. M., Al Dulayymi, A. R., Jones, A.,
Valero-Guillén, P. L., Gates P.J., Balrd M. S., & Al Dulayyml J R
(2020). Mycobacterium alvei (w-‘l)-methoxy mycolic acids: absolute

stereochemistry and synthesis. Chemistry and Physics of Lipids,
[104977]. https://doi.org/10.1016/j.chemphyslip.2020.104977

Peer reviewed version

License (if available):
CC BY-NC-ND

Link to published version (if available):
10.1016/j.chemphyslip.2020.104977

Link to publication record in Explore Bristol Research
PDF-document

This is the author accepted manuscript (AAM). The final published version (version of record) is available online
via Elsevier at https://doi.org/10.1016/j.chemphyslip.2020.104977 . Please refer to any applicable terms of use of
the publisher.

University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the

published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/


https://doi.org/10.1016/j.chemphyslip.2020.104977
https://doi.org/10.1016/j.chemphyslip.2020.104977
https://research-information.bris.ac.uk/en/publications/6bb55771-c2d6-4742-bfe2-cc20bf608f96
https://research-information.bris.ac.uk/en/publications/6bb55771-c2d6-4742-bfe2-cc20bf608f96

Mycobacterium alvei (®-1)-methoxy mycolic acids: absolute stereochemistry and
synthesis

Zamzam S. Alhuwaymil,! Intisar Q. M. Al-araj,? Ahmad R. Al-Dulayymi,® Alison
Jones,! Paul J. Gates,® Pedro L. Valero-Guillén,* Mark S. Baird? and Juma’a R. Al
Dulayymi®”

1School of Natural Sciences, Bangor University, Bangor, Gwynedd. LL57 2UW, UK

23chool of Chemistry, Bangor University, Bangor, Gwynedd. LL57 2UW, UK

3School of Chemistry, Bristol University, Bristol, BS8 1TS, UK

4 Departamento de Genética y Microbiologia, Facultad de Medicina, Universidad de Murcia, Spain; Instituto
Murciano de Investigacion Biosanitaria (IMIB), Spain

# Current address: Dept. of chemistry, College of Education for Pure Science, University of Mosul, Mosul, Iraq

Abstract: Cells of Mycobacterium alvei are known to contain a unique set of mycolic acids
with a (w-1)-methoxy group; although the various enzymes in the biosynthesis of other types
of mycolic acid have been widely studied, the biosynthetic route to this substituent is unclear.
We now define the stereochemistry of the (w-1)-methoxy fragment as R, and describe the
synthesis of a major R-(®w-1)-methoxy-mycolic acid and its sugar esters, and of two natural
M. alvei diene mycolic acids.

1. Introduction

Mycolic acids (MAs) (Figure 1), are major constituents of the cell envelope of
Mycobacterium tuberculosis and other mycobacteria, some of which are pathogenic to
animals and humans.! Their structure and biosynthesis has been reviewed,*® and a number
of structural and stereochemical relationships examined.”®? Their presence is thought to be
linked to the resistance of these organisms to many current antibiotics and other
chemotherapeutic agents.® MAs are defined by a R,R-B-hydroxy acid unit with two long chain
substituents, the so called meromycolate chain and an o-chain (Figure 1). 18 In each case ‘a-
d’ represent long alkyl chains, and generally each Mycobacterium contains a mixture of
several homologues. The a-chain is a simple alkyl substituent, often with d = 21 or 23,
though in some species it can be shorter. In contrast, the mero-chain can contain a number of
substituents — in some important bacteria, such as Mycobacterium tuberculosis, these include
two or three functional groups. In the common classes of MA, the proximal group is often a
cyclopropane or an alkene and the distal group is a cyclopropane (a-MA), an a-methoxy-f-
methyl fragment (methoxy-MA) or an a-keto-B-methyl fragment (keto-MA).”8 While free
MA are present in cells, they are most commonly found bound to the wall as penta-arabinose
tetramycolates or as non-covalently bound sugar esters; among these, trehalose dimycolates
(TDM) and monomycolates (TMM) are known to be potent immune signalling agents.?
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Figure 1: Typical mycolic acid structure

In the case of mycobacteria such as M. tuberculosis, the MA typically contain around 90
carbon atoms.!® Important MAs of Mycobacterium smegmatis are much simpler and contain
around 60 carbons with just one cis-alkene in the mero-chain.®® MAs containing two cis-
alkenes were also reported.’®! Cis-Alkene and diene mycolates are also present in M.
smegmatis bound to trehalose and arabinogalactan.’® Mycobacterium marinum,?02
Mycobacterium ulcerans,?* and Mycobacterum simiae include mycolic acids with a single
cis-alkene in the mero-chain.?? Mycobacterium chelonei contains comparable amounts of a-
mycolates, containing either two cis-alkenes, one cis and one a—methyl-trans-alkene, or one
cis-cyclopropane and one o—methyl-trans-alkene at distal and proximal positions, of shorter
chain o’-mycolates containing just one cis-alkene,?>?% and diene mycolates apparently similar
to those from M. smegmatis.?® A di-unsaturated MA apparently essentially the same as that
from M. smegmatis has also been isolated from Mycobacterium phlei,®® as have
monounsaturated compounds.?”?® Mycobacterium fortuitum contains diunsaturated mycolic
acids, with either cis- or trans-alkenes, the latter with a methyl-substituent on the allylic
carbon. The regiochemistry of these a-methyl-trans-alkenes has been examined by chemical
degradation, and the methyl group is found to be on the side near the hydroxy acid when the
trans-alkene is in the proximal position of the chain, but on the side further from the hydroxy
acid when in the distal position.?2 The MA of Mycobacterium avium include those containing
two double bonds, either both in the cis-configuration, or with the distal position in cis-
configuration and the proximal position in trans-configuration with an adjacent methyl
group.?® Diene MA have also been found in Mycobacterium brumae which contain two
double bonds both in the trans-configuration.®® Related species such as Nocardia and
Rhodococcus are also reported to contain alkene and diene mycolates, although in this case
the a-chain is much shorter, and the position of the alkenes in the mero-chain has not been
determined.3!-34

Some years ago a new species of rapidly growing nonphotochromogenic mycobacterium,
Mycobacterium alvei, was described; it was reported that the cells contained a-MA and
significant amounts of an unusual set of MAs in which there is an (o-1)-methoxy substituent
in the mero-chain, 1 (R, R’ = H or Me);®% (0-1)-methoxy-MA were also reported in
Mycobacterium fortuitum, margeritense, peregrinum, porcinum and senegalense.®’” In M.
alvei, these were accompanied by MA with two alkene groups at positions X and Y in Figure
1, one of which was generally cis, the other trans with a methyl substituent on an adjacent
carbon, compounds 2 (Figure 2). A careful analysis showed that the mixture of free MA
from M. alvei consists of four series of homologues.>>® The first (series A) is



a dialkene series with carbon numbers 74, 76, 78, 80, the second (series B) a dialkene series
with carbon numbers 75, 77, 79, 81, the third (series C) an (w-1)-methoxy-diene series with
carbon numbers 75, 77, 79, 81, and the fourth (series D) an (w-1)-methoxy series with carbon
numbers 76,78,80 and 82. Given that the core skeleton of MA is biosynthesised in units of
two carbons, and that the introduction of a methyl-trans-alkene fragment or a methoxy group
introduces one extra carbon, an even carbon number diene series (series A) should have two
cis alkenes and the odd-carbon series (series B), one cis- and one trans-alkene. Series C
should contain two cis-alkenes, and series D, one cis- and one trans-alkene. The fact that
there are no significant corresponding peaks starting at 76 carbons in the diene MA or 77
carbons in the (w-1)-methoxy series suggests that the content of di-trans-alkenes is low. The
detailed structures and values of the chain lengths a — d or a’ — d” in each molecule were
probed by oxidative cleavage of the double bonds.*
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Figure 2: Reported oxidation products of M. alvei mycolic acids

The diesters 4 and 7 isolated from each oxidation were in each case un-branched molecules,®®
confirming that no methyl group adjacent to a trans-alkene in the natural products was within
this chain, and had lengths of 14 — 19 methylene groups, with 12, 13 and 14 reported to be the
most abundant. The monoesters 3 either had R = H and chain lengths of 16 — 18 carbons,
although a minor component was methyl 2-methyl-17-methoxyoctadecanoate. Fragments 6
were straight chain esters with 16 — 20 carbons, plus methyl 2-methyloctadecanoate.
Compound series 5 and 8 were very similar and in each case R’ was principally a methyl
group. On thermolysis, they undergo a retro-ene reaction to form a methyl ester, principally
CH3(CH2)22C0O2Me, together with CH3(CH2)20C0O2Me, and long chain ester-aldehydes,
including a compound with a methyl branch adjacent to the ester.

In addition to the MA themselves, the structures of the MA trehalose esters of M. alvei have
been analysed and the most common chain lengths identified. Surprisingly, they are
represented as having a methyl-trans-alkene at the distal position of the mycolic acid and a
cis-alkene at the proximal position. Nonetheless, these molecules selectively stimulate the
secretion of some pro-inflammatory cytokines of relevance in tuberculosis.®®% Exposure to
M. alvei has also been linked to infections in humans and animals.*%-43

Although the biosynthesis of alkene MA has been extensively studied,***® and unsaturated
mycolic acids may be intermediates in the biosynthesis of other classes of mycolic acid,*



little is known of the processes leading to the introduction of the (»-1)-methoxy group, which
distinguishes the MA of M. alvei. This mycobacterium is also differentiated from a range of
other mycobacteria because it does not form cords, by a range of its activities to enzymes,
and by its growth properties.®® It was of interest therefore to prepare individual M. alvei (-
1)-methoxy MA and their sugar esters, in order to allow their biochemical properties to be
determined. To achieve this, it was first necessary to determine the absolute stereochemistry
of the (-1)-methoxy group.

2 Results and discussion

2.1 Isolation and stereochemistry of the (m-1)-methoxy fragment 3

Cells from M. alvei were hydrolysed as before,® and the resulting acids converted into the
corresponding methyl esters by reaction with diazomethane. Chromatography gave a diene
fraction and an (w-1)-mycolate fraction. The cis/trans-alkene ratio in the (w-1)-mycolate
fraction was ca. 1.1:0.9 based on the integration of the alkene signals (Supplementary S2).
The MALDI MS (Figure 3) showed a major series of homologues starting at M+Na 1163
(C77H15204), with the major cluster at 1191 (C79H15604). In addition there was a minor series
(ca. 1:4) starting at 1149 (C7eéH15004) and ending at 1233. These two series can reasonably be
assigned to a series with one cis and one methyl-trans-alkene, and a series of di-cis-alkenes
respectively. The lack of any peaks at 1261 argues against the presence of significant
quantities of di-trans-alkene.
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Figure 3: MALDI MS of natural methyl (w-1)-methoxymycolate fraction (M + Na)

Oxidative cleavage of this fraction, using the method described earlier,®® gave three major
fractions. The first fraction (S3F1) comprised methyl esters of (®-1)-methoxyalkanoic acids
(3), with a minor impurity of dimethyl alkandioates. The presence of the CHs-CH(OCHs3)-
CH: fragment was clear from a three proton singlet at  3.22 for the methoxy group, partly
overlapping a sextet at 3.29, together with a doublet at 1.13 for the terminal methyl group. It
was reported earlier that there was no evidence in this fraction for the presence of 2-methyl



substituted esters.®® However, in this case it was possible to see a minor sextet at & 2.45,
which matched the position of the signal for this proton in (6, R = Me); this could be assigned
to around 3 — 5 % of this series of compounds, (3, R = Me). The GC-MS showed two major
peaks in ratio ca. 3:2, the major isomer corresponding to synthetic
CH3CH(OCHj3)(CH2)14COOCHs3 (see below), the other to CH3CH(OCHj3)(CH2)16COOCHs.
The mixture of compounds 3 showed [a] % —1.55 (c 0.39, CHClIs). In order to determine the

absolute stereochemistry of these esters, the two enantiomers of (3, a=13, R = H) were
prepared — it is well known that in such long chain molecules, the chiral element contributes
an approximately constant amount to the molecular rotation Mp of the molecule (Mp = [a]p X
M.W. / 100),*” and therefore to the specific rotations of homologues; assuming all
homologues in the mixture 3 have the same absolute stereochemistry, the specific rotation of
a single enantiomer of the major component is therefore a good indication of the
stereochemistry of the chiral element in the mixture.

The (w-1)-methoxy group was first introduced by ring opening of R-propylene oxide (9)
using a copper catalysed Grignard reaction. The alcohol 10 was methylated, followed by
deprotection of the acetal, and oxidation to provide the aldehyde 11 (Scheme 1):
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Scheme 1: (i) BrMg(CH2)sOTHP, Cul, THF (86%); (ii) NaH, THF, Mel (96%); (iii) pTSA, THF, MeOH
(86%); (iv) PCC, CH2ClI2 (80%).

Coupling of 11 with the sulfone 12 and base in a modified Julia-Kocienski reaction, followed
by hydrogenation of the derived mixture of alkenes led to ester 13, which was converted by
standard transformations into ester 15 (Scheme 2):
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Scheme 2: (i) LIHMDS, THF (66%); (ii) Hz, Pd/C, IMS/EtOAC (99.5%); (iii) LiAIH4, THF (88%); (iv)
RuCls.H20, NalOs, acetonitrile/CClas/H20 (86%); (v) H.SO4/MeOH, reflux, 3 h, (89%).

In the same way, the enantiomer 16 was prepared from S-propylene oxide (Supplementary). The ester
15 showed [a]%° ~1.09 (c 0.9, CHClIs), while 16 showed [a]%° +1.08 (¢ 0.92, CHCls); on this

basis, the natural fragment (3, R = H) and the mycolic acid from which it was derived are
characterised as having an R-(w-1)-methoxy stereochemistry.



Having established the stereochemistry of the novel element in the MAs 1, it was of interest
to synthesise the major isomer to enable its biochemical properties to be evaluated. First it
was necessary to confirm the lengths of the other chains in the natural MA mixture. This was
achieved by more detailed examination of the other fractions from its oxidation above, as
described in the Supplementary Information.

On the basis of this, the target (o-1)-methoxy-MA for synthesis was (1, R =H, R’=Me, a=
13, b= 13, ¢ = 17) with an a-chain of 22 carbons total.

2.2 Synthesis of a major R-(®-1)-methoxy-mycolic acid

The R-alcohol 14 was first brominated and then treated with triphenylphosphine to give
phosphonium salt 17. This was coupled to 15-tetrahydropyranyloxypentadecanal (18) in a
Wittig reaction to provide the chain extended Z-alkene (19), which was further converted into
the sulfone 20 using standard transformations (Scheme 3):
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Scheme 3: (i) N-bromosuccinimide, PPhs, CH2Cl2(83%); (ii) PPhs, toluene (97%); (iii)
OCH(CH,)140THP (18), NaHMDS, THF (70%); (iv) PPTS, THF/MeOH (1:1) (94%); (v) DEAD, PPhs, 1-
phenyl-1H-tetrazole-5-thiol (94%); (vi) H202, (NH1)sM07024-4H,0, THF/IMS (3:1) (86%).

Coupling of the sulfone with the protected aldehyde 21 using KHMDS,*84° with retention of
the absolute stereochemistry of the adjacent methyl substituent, as described for the
preparation of trans-alkene keto- and methoxy-MA, # gave the diene 22. Removal of the silyl
protecting group led to the methyl ester 23, which in turn was hydrolysed to the free acid 24
(Scheme 4):
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Scheme 4: (i) KHMDS, THF (66%); (ii) pyridine, THF, HF.pyridine (66%); (iii) LiOH, THF, H20, MeOH (93%).

In the same way, the S-enantiomer of alcohol 14 was converted into the epimeric acid 25. The
(w-1)-methoxy MA ester fraction isolated from the M. alvei cells had an [a]p +1.25 (c 2.0
CHCIs); the value for the single synthetic ester 23 was [a]p +1.3 (¢ 0.99, CHCI3). The S-
methoxy epimer showed [a]p +1.8 (¢ 1.0, CHCIz). The NMR spectra of the two epimers were
essentially identical, and identical to those of the natural mixture isolated from the cells. The
MALDI MS of 23 matched the major isomer in the natural mixture.

The R-methoxy epimer was converted into a set of sugar esters. Protection of the secondary
alcohol of 24 to give 26 using known procedures,®®*! followed by coupling to the silyl
protected trehalose 27 gave, after deprotection using an established procedure, the
corresponding trehalose dimycolate (TDM, 28, R = H) and monomycolate (TMM, 29, R = H)
(Scheme 5).
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Scheme 5: (i) Imidazole, TBDMSCI, DMAP, DMF, toluene, then K2COs, MeOH, THF (94%); (ii) EDCI, 4-DMAP, CH:Cl,
4 A molecular sieve (MS), rt, 8 days; TDM (21%), TMM (28%); (iii) TBAF, THF, 5 °C 1 h; 28 R = TBDMS (84%), 29 R =
TBDMS (78 %); (iv) Pyridine, THF, HF-pyridine complex, 43 °C, 17 h, then neutralised with ag NaHCOs, 28 R = H (56%),
29 R = H (29 %).

Using a modification of established methods,>® protected MA 26 was also converted into the
glucose monomycolate (GMM, 32), deprotection as well as coupling occurring in the first
step, while the S-epimer was converted into 33 (Scheme 6):
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Scheme 6: (i) CSHCOs, DMF:THF (64%); (i) Na/NHs, 1,4-dioxane (22%).
Again, using a modification of the published procedure,® the arabinose ester 35 and its
epimer 36 were prepared from protected MA 26 (Scheme 7):
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14 (CH,),;CH; H
OBn 35 Me
OH
OMe Me OH O
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(CH,),,CH; HO
36
Me

OH
Scheme 7: (i) CsSHCOs, DMF:THF (70%); (ii) Na/NHs, 1,4-dioxane (38%).

This provides a set of synthetic (w-1)-methoxy-MA and sugar esters for evaluation of their
effects on immune signals and their value as antigens. In order to provide a baseline for the
possible effects of the (w-1)-methoxy group, a major component of the natural diene mixture
lacking this group was also synthesised. This first required a more detailed analysis of the
major chain lengths and substitution patterns in the second fraction, 2, of the natural mixture.

2.3 Synthesis of two homologues of cis,trans-diene MA of M. alvei

A more detailed analysis of the oxidation products of the diene mycolic acids is provided in
the Supplementary Inofrmtion. On the basis of this, the major chain lengths in the (®»-1)-diene
and simple diene fractions are summarised in Table S1. Although the MALDI MS of the
natural mixture was very complex (S1), on the basis of the above, and matching the chain
lengths b, ¢ and d of 24, the diene acid 40 was prepared using the same approach as before
(Scheme 8). Using a similar approach, the diene acid 41corresponding in chain lengths to the
likely lowest homologue of the natural diene (Table S1) was also prepared; this has also been
reported as a component of M. brumae cells.®
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Scheme 8: (i) O=CH(CH,)14OTHP (18), NaHMDS, THF (43%); (i) PPTS, THF/MeOH (5:2) (88%); (iii)
DEAD, PPhs, 1-phenyl-1H-tetrazole-5-thiol, THF (89%); (iv) H202, (NH4)6M07024-4H,0, THF/IMS (2:1)
(57%); (v) KHMDS, THF (52%); (vi) pyridine, THF, HF.pyridine (96%); (vii) LiOH, THF, MeOH, H20 (98%).

Initial ELISA studies of the effects of the TDMs 28 and 30 as antigens in the diagnosis of
infection by a related non-tuberculous mycobacterium in human serum showed that, although
both distinguished infected from non-infected serum, compound 28, derived from the natural
R-(w-1)-methoxy mycolic acid gave a slightly better distinction. A fuller analysis of the
biological properties will be provided elsewhere.

3. Conclusion

The stereochemistry of the unusual (o-1)-methoxy mycolic acids present in M. alvei has been
established a being 53R. A major contributor to the natural mixture of homologues, and the
epimeric 53S compound, as well as corresponding sugar esters, have been synthesised and the
specific rotation of the 53R methyl ester matches that of the natural mixture of homologues.
In order to establish whether the (w-1)-methoxy group has a significant effect on the
biochemical properties of M. alvei, a related diene mycolic acid with a proximal trans-alkene
and distal cis-alkene, corresponding to one component of the natural extract, was also
synthesised.

4. Experimental section

4.1 General

Chemicals used were obtained from commercial suppliers (Sigma-Aldrich and Alfa Aesar) or
prepared from them by the methods described. Solvents which were required to be dry, e.g.
ether, tetrahydrofuran were dried over sodium wire and benzophenone under nitrogen, while
dichloromethane was dried over calcium hydride. Petroleum spirit (petrol) was of boiling
point 40 — 60 °C. Reagents and solvents were of reagent grade unless otherwise stated. Silica
gel (Merck 7736) and silica gel used for column and thin layer chromatography were
obtained from Fisher Scientific; separated components were detected using UV light, 1> or
phosphomolybdic acid solution in IMS followed by charring. Anhydrous MgSOa4 was used to
dry organic solutions. Infrared (IR) spectra were carried out on a Bruker Alpha ART-IR
spectrometer. Products were colourless oil unless otherwise stated. NMR spectra were carried
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out on a Bruker Avance 400 or 500 spectrometers. [a]p Values were recorded in CHCI3 or
MeOH on a POLAAR 3001 polarimeter. Accurate MALDI-TOF mass spectra were recorded
on a Bruker ultrafleXtreme2 at Bristol University. NMR, MS and GC data are provided in
Supplemenary File 1. Experimental data for the synthesis of the diene mycolic acids 40 and
41 are presented in Supplementary File 2. Data for the synthesis of the S-methoxydiene are in
Supplementary File 3.

4.2 Separation of alkene and (»-1)-methoxymycolates®®

Cells that had been harvested from agar plates (2 g)* were suspended in 5 % KOH (1.25 g)
in benzene / methanol (25 mL, 2:8 vol) and heated under reflux overnight. The solution was
then acidified with 20% H»SO4 and the free MA were extracted with ether. Esterification
with excess diazomethane gave the crude methyl mycolates, which were separated by column
chromatography, eluting with petrol / ethyl acetate (10:1) to give 2 fractions.

The first fraction (S1 50 mg) was an unsaturated mycolate with a cis and trans double bond
in a ratio of 1.1:0.9, [a] Z+1.4 (c 1.99, CHCI3) showed &1 (400 MHz; CDCls): 5.30 — 5.29
(3H, m), 5.23 (1H, br. dd, J 7.4, 15.4 Hz), 3.71 (3H, s), 3.68 — 3.60 (1H, m), 2.43 (1H, br. dt,
J5.4,9.1 Hz), 2.40 (1H — OH, d, J 8.2 Hz), 2.06 — 1.90 (7H, m), 1.75 — 1.65 (1H, m), 1.64 —
1.55 (1H, m), 1.50 — 1.15 (127H, m), 1.13 — 1.05 (1H, m), 0.94 (3H, d, J 6.7 Hz), 0.88 (6H, t,
J 6.5 Hz); 6c (101 MHz; CDCls): 176.2, 136.5, 129.9, 128.42, 72.3, 51.5, 50.9, 37.2, 36.7,
35.7, 32.6, 31.9, 29.8, 29.7, 29.67, 29.6, 29.57, 29.54, 29.5, 29.4, 29.36, 29.1, 27.4, 27.35,
27.2,25.7,22.7, 20.95, 14.1;

The second fraction (S2, 23 mg) [a] % +1.25 (c 2.04, CHCl3) showed &1 (400 MHz; CDCls):

5.38 — 5.29 (3H, m), 5.23 (1H, br. dd, J 7.4, 15.4 Hz), 3.71 (3H, s), 3.68 — 3.62 (1H, m), 3.31
(3H, s), 3.30 — 3.24 (1H, br. pentet, J 6.0 Hz), 2.43 (1H, br. dt, J 5.3, 9.1 Hz), 2.40 (1H — OH,
d, J 8.2 Hz), 2.10 — 1.93 (7H, m), 1.75 — 1.65 (1H, m), 1.62 — 1.55 (1H, m), 1.50 — 1.15
(122H, m), 1.11 (3H, d, J 6.1 Hz) , 0.93 (3H, d, J 6.7 Hz), 0.88 (6H, t, J 6.6 Hz); 8¢ (101
MHz; CDCls): 176.2, 136.5, 129.9, 128.4, 76.9, 72.3, 55.9, 51.5, 50.9, 37.2, 36.7, 36.3, 35.7,
32.6,31.9, 29.8, 29.7, 29.6, 29.54, 29.5, 29.4, 29.36, 29.3, 29.1, 27.4, 27.35, 27.2, 25.7, 25.5,
22.7,20.9, 19.0, 14.1.

4.3 Oxidative cleavage of diene mycolates of (»-1)-methoxymycolate fraction®

A solution of methyl o-methoxymycolates (21 mg), in benzene (1.0 mL) was added to a
mixture of t-butanol (9 mL), aqueous sodium carbonate (0.02 M, 2.5 mL), distilled water (1.2
mL) and sodium periodate (82 mg), potassium permanganate (8.0 mg) in water (5.4 mL).
The mixture was stirred at rt for 64 h, acidified with 2M ag. HCI then extracted with diethyl
ether, dried and evaporated. The extract was methylated with diazomethane and columned
with petrol / ethyl acetate (10:1) to give three fractions. The first was an oil (3.9 mg), [a] Z —
1.55 (c 0.39, CHCIl3) which showed o1 (400 MHz; CDCls): 3.67 (3H, s), 3.32 (3H, s), 3.27
(1H, sextet, J 6.1 Hz), 2.45 (1H, m, minor isomer), 2.31 (2H, t, J 7.5 Hz), 1.66 — 1.48 (5H,
m), 1.40 — 1.20 (22H, m), 1.13 (3H, d, J 6.1 Hz); 8¢ (101 MHz; CDCls): 174.4, 76.9, 55.9,
51.4, 36.3, 34.1, 29.8, 29.63, 29.58, 29.4, 29.2, 29.1, 25.4, 24.9, 19.0 (S3F1).
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The second fraction (5.0 mg) showed 6+ (400 MHz; CDCIs): 3.67 (6H, s), 2.30 (4H,t,J 7.5
Hz), 1.65 — 1.57 (6H, m), 1.35 — 1.20 (16H, m); éc (101 MHz; CDCls): 174.4, 51.4, 34.1,
29.7, 29.6, 29.5, 29.4, 29.2, 29.1, 24.9 (S3F2).

The third fraction (8 mg) showed 61 (400 MHz; CDClIs): 3.70 (3H, s), 3.67 (3H, s), 3.60 (1H,
m), 2.46 — 2.41 (2H, m), 2.30 (2H, t, J 7.5 Hz, minor isomer), 1.74 — 1.50 (8H, m), 1.50 —
1.35 (5H, m), 1.32 — 1.20 (64H, m), 1.14 (3H, d, J 7.0 Hz), 0.88 (3H, t, J 6.7 Hz); &c (101
MHz; CDCls): 175.2, 71.3, 50.5, 50.4, 49.9, 34.7, 32.8, 30.9, 28.7, 28.6, 28.57, 28.53, 28.5,
28.4,28.35, 26.4, 21.7,16.0, 13.1 (S3F4).

4.4 (2R)-9-((Tetrahydro-2H-2-yl)oxy)nonan-2-ol (10)

A solution of 2-(6-bromohexyloxy)tetrahydro-2H-pyran®! (68.5 g, 0.258 mol) in dry THF (50
mL) was added dropwise to a suspension of magnesium turnings (18.9 g, 0.774 mol) in dry
THF (120 mL) under nitrogen. The mixture was refluxed for 1 h, then cooled to rt and added
dropwise to a stirred suspension of copper iodide (12.3 g, 0.0645 mol) in dry THF (150 mL)
at — 30 °C. After 30 min, (R)-(+)-propylene oxide (6.0 g, 0.10 mol) in dry THF (30 mL) was
added dropwise at — 30 °C. The reaction was kept at — 30 °C for 3 h, then allowed to reach 0
°C before slowly quenching with sat. ag. ammonium chloride (100 mL), allowed to reach rt,
and extracted with ether (300 mL). The aqueous layer was re-extracted with ether (2 x 200
mL). The combined organic layers were washed with water (50 mL) and dried. The solvent
was evaporated to give a colourless oil. Chromatography on silica gel eluting with
petrol/ether (5:1) gave (2R)-9-((tetrahydro-2H-2-yl)oxy)nonan-2-ol (10) (22 g, 86%), [oc]zD3 -
4.8 (c 1.14, MeOH) {Found [M+NH4]": 262.2374; C14H3203N requires: 262.2377} which
showed 61 (400 MHz, CDCls): 4.58 (1H, br. s), 3.92 — 3.84 (1H, m), 3.81 — 3.77 (1H, m),
3.73 (1H, dt, J 7.1, 9.4 Hz), 3.53 - 3.47 (1H, m), 3.38 (1H, dt, J 6.3, 9.4 Hz), 1.86 — 1.80 (1H,
m), 1.75 - 1.69 (1H, m), 1.64 — 1.50 (7H, m), 1.46 — 1.27 (10H, m), 1.19 (3H, d, J 6.2 Hz); &¢
(101 MHz, CDCls): 98.8, 68.1, 67.6, 62.3, 39.3, 30.7, 29.7, 29.5, 29.4, 26.1, 25.7, 25.5, 23.4,
19.7; vmax flcmt: 3411, 2927, 2854, 1454,

4.5 2-(((R)-8-Methoxynonyl) oxy)tetrahydro-2H-pyran

Sodium hydride (24.9 g, 0.622 mol, 60 % dispersion, 7 eq.) was washed with petrol (3 x 20
mL) and then suspended in dry THF (160 mL), cooled to 5 °C and (2R)-9-((tetrahydro-2H-
pyran-2-yl)oxy)nonan-2-ol (10)*? (21.7 g, 0.088 mol) in THF (100 mL) was added over 15
min. The mixture stirred for 15 min, then methyl iodide (75.7 g, 0.533 mol, 6 eq.) was added,
and stirred for 16 h at rt. The mixture was then cooled to 0 °C and quenched slowly with sat.
aq. ammonium chloride (50 mL), followed by ether (200 mL); the aqueous layer was
extracted with petrol/ethyl acetate (2 x 100 mL, 1:1). The combined organic layers were
washed with brine (2 x 80 mL), dried and evaporated to give a residue; chromatography on
silica gel eluting with petrol/ethyl acetate (10:1) gave 2-(((R)-8-methoxynonyl)oxy)tetra-
hydro-2H-pyran (21 g, 96%), [(X]ZD3 -1.2 (¢ 1.9, MeOH) {Found [M+NH4]*: 276.2535;
C15H3403N requires: 276.2533} which showed 6n (400 MHz, CDCls): 4.55 (1H, br. s), 3.87 -
3.82 (1H, m), 3.71 (1H, dt, J 6.9, 9.4 Hz), 3.52 — 3.45 (1H, m), 3.36 (1H, dt, J 6.7, 9.4 Hz),
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3.29 (3H, s), 3.25 (1H, pent, J 6.0 Hz), 1.84 — 1.77 (1H, m), 1.72 — 1.66 (1H, m), 1.58 — 1.47
(8H, m), 1.31 — 1.28 (8H, m), 1.1 (3H, d, J 6.1 Hz); ¢ (101 MHz, CDCls): 98.8, 76.8, 67.6,
62.3, 55.9, 36.3, 30.7, 29.7, 29.6, 29.4, 26.1, 25.4, 25.3, 19.6, 18.9; vmadcm™: 2928, 2855,
1464,

4.6 (R)-8-Methoxynonan-1-ol

Pyridinium p-toluenesulfonate (6.9 g, 0.03 mol) was added to a stirred solution of 2-(((R)-8-
methoxynonyl)oxy)tetrahydro-2H-pyran (35.3 g, 0.136 mol) in methanol/THF (200 mL, 1:1)
and stirred at 50 °C for 3 h, when sat. ag. NaHCOz3 (25 mL) and water (20 mL) were added
and the mixture was extracted with ether ( 3 x 150 mL). The combined organic layers were
dried, evaporated and the product was purified by column chromatography, eluting with
petrol/ethyl acetate (5:1) to give a colourless oil, (R)-8-methoxynonan-1-ol (22 g, 86%), [oc]ZD3
-5.2 (¢ 1.9, MeOH) {Found [M+H]": 175.1693; C10H230> requires: 175.1693} which showed
dH (400 MHz, CDCls): 3.64 (2H, t, J 6.6 Hz), 3.31 (3H, s), 3.27 (1H, pent, J 6.0 Hz), 1.58 —
1.49 (4H, m), 1.45-1.28 (9H, br. m), 1.12 (3H, d, J 6.1 Hz); 3c (101 MHz, CDCls): 76.9,
62.9, 55.9, 36.3, 32.7,29.7, 29.3, 25.6, 25.3, 18.9; vmax/cm™’: 3360, 2927, 2855,1463.

4.7 (R)-8-Methoxynonanal (11)

(R)-8-Methoxynonan-1-ol (25.2 g, 0.015 mol) in DCM (50 mL) was added to a vigorously
stirred suspension of pyridinium chlorochromate (62.6 g, 0.29 mol) in DCM (500 mL) at rt.
The mixture was stirred for 2 h, then poured into petrol/ethyl acetate (200 mL, 5:1). The
solution was filtered through a pad of silica, washed with petrol/ethyl acetate (200 mL, 5:1)
and the filtrate was evaporated. Chromatography on silica gel eluting with petrol/ ethyl
acetate (5:1) gave (R)-8-methoxynonanal (11) (20 g, 80%), [oc]lD8 -3.4 (c 1.8, MeOH) {Found
[M+NH4]": 190.1807; C10H2402N requires: 190.1802} which showed &+ (400 MHz, CDCl3):
9.77 (1H, t, J 1.9 Hz), 3.31 (3H, s), 3.27 (1H, pent, J 6.0 Hz), 2.43 (2H, td, J 1.9, 7.4 Hz),
1.66 — 1.61 (2H, m), 1.58 — 1.48 (1H, m), 1.40 — 1.30 (7H, m), 1.12 (3H, d, J 6.1 Hz); 8¢ (101
MHz, CDCls): 202.9, 76.7, 55.9, 43.8, 36.2, 29.4, 29.1, 25.2, 22.0, 18.9 ; vma/cm™: 2930,
2857, 1724, 1463.

4.8 (R)-16-Methoxyheptadecyl pivalate (13)

i. Lithium bis(trimethylsilyl)amide (84.0 mL, 0.0594 mol, 1.06 M) was added dropwise to a
stirred solution of (R)-8-methoxynonanal (11) (8.5 g, 0.088 mol) and 8-((1-phenyl-1H-
tetrazol-5-yl)sulfonyl)octyl pivalate®® (12) (25.0 g, 0.059 mol) in dry THF (100 mL) under
nitrogen at —2 °C. The mixture was allowed to reach r.t, stirred for 2 h, then quenched with
sat.aq. ammonium chloride (50 mL) and petrol/ethyl acetate (1:1), (300 mL). The aqueous
layer was re-extracted with petrol/ethyl acetate (1:1, 2 x 50 mL). The combined organic
layers were washed with sat. aq. sodium chloride (2 x 100 mL), dried and evaporated to give
a thick oil. Chromatography on silica eluting with petrol/ethyl acetate (20:1) gave (E/Z)-(R)-
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16-methoxyheptadec-8-en-1-yl pivalate (12.0 g, 66%) as a mixture of isomers in ratio 2:1,
[a]ZDg—l.O (c 2.3, CHCIs3) {Found [M+H]*: 369.3358; C23H4503 requires: 369.3363} which
showed &1 (500 MHz,CDClIs, major isomer): 5.42 —5.37 (2H, m), 4.04 (2H, t, J 6.6 Hz), 3.31
(3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 1.98 — 1.92 (4H, m), 1.62 ( 2H, br. pent, J 6.5 Hz), 1.45
—1.24 (18H, m), 1.20 (9H, s), 1.12 (3H, d, J 6.1 Hz); o (500 MHz,CDCls, minor isomer):
5.36 — 5.32 (2H, m), 2.03 — 2.01 (4H, m), 1.54 — 1.48 (2H, m); the remaining signals were
obscured by the major isomer; d¢ (101 MHz,CDCIs for the two isomers): 178.6, 130.4, 130.2,
129.9, 129.8, 76.8, 64.4, 55.9, 36.3, 32.6, 32.5, 29.7, 29.6, 29.6, 29.56, 29.5, 29.14, 29.1,
29.0, 28.9, 28.6, 27.2, 25.9, 25.85, 25.4, 18.9; vmax/cm™t: 2926, 2854,1729, 1479.

ii. Palladium 10 % on carbon (1.5 g) was stirred with the above alkenes (12.0 g) in IMS (100
mL) and ethyl acetate (250 mL) under hydrogen. After 3 h, the reaction was quenched with
two drops of water then filtered through a bed of celite and the solvent was evaporated to
give a colourless oil, (R)-16-methoxyheptadecyl pivalate (13) (12.0 g, 99.5%), [(X]ZDQ -1.33 (c
2.02, CHCI3) {Found [M+H]": 371.3516; C23H470s requires: 371.3520} which showed &
(500 MHz, CDClgz); 4.05 (2H, t, J 6.6 Hz), 3.32 (3H, s), 3.28 (1H, br. pent, J 5.9 Hz), 1.62
(2H, pent, J 6.5 Hz), 1.34 — 1.26 (26H, m), 1.20 (9H, s), 1.12 (3H, d, J 6.1 Hz); 6c (101
MHz, CDCl3): 178.6, 76.9, 64.5, 55.9, 36.3, 29.8, 29.7, 29.6, 29.54, 29.5, 29.2, 28.6, 27.2,
25.9,25.4,19.0; vmax/cm™: 2923, 2853, 1729, 1479.

4.9 (R)-16-Methoxyheptadecan-1-ol (14)

A solution of pivalate (13) (11.8 g, 0.0319 mol) in dry THF (50 mL) was added slowly to a
stirred suspension of LiAlH4 (1.81g, 0.0479 mol) in dry THF (150 mL) at — 20 °C under
nitrogen, allowed to reach rt and then refluxed for 1 h. The mixture was cooled to —20 °C
and quenched with sat. ag. sodium sulfate (40 mL) and THF (60 mL), stirred at rt until a
white precipitate had formed, then filtered through a bed of silica and celite. The filtrate was
evaporated and the product purified by column chromatography, eluting with petrol/ethyl
acetate (5:1) to give a white solid, (R)-16-methoxyheptadecan-1-ol (14) (8.0 g, 88%), m.p. 46
—48 °C, [oc]zD9 —1.9 (c 1.59, CHCIs) {Found [M+H]*: 287.2945; C1sH390> requires: 287.2945}
which showed 84 (500 MHz, CDClz): 3.65 (2H, q, J 6.4 Hz), 3.32 (3H, s), 3.27 (1H, br. pent,
J6.0Hz), 1.63 — 1.50 (3H, m), 1.43 — 1.20 (26H, m), 1.12 (3H, d, J 6.1 Hz); 6c (101 MHz,
CDCls): 76.9, 63.0, 55.9, 36.3, 32.8, 29.8, 29.6, 29.59, 29.5, 29.4, 25.7, 25.4, 19.0; vmax/ cm™’:
3432, 2916, 2847, 1471.

4.10 Methyl (R)-16-methoxyheptadecanoate (15)

Alcohol 14 (0.50 g, 1.7 mmol) in CCls ( 2.8 mL) was added over 30 min at r.t. to a stirred
solution of sodium periodate (1.12 g, 5.24 mmol) and ruthenium(l11) chloride hydrate (4.70
mg, 0.0227 mmol) in acetonitrile (5.6 mL), CCls (2.8 mL) and water (8.4 mL), then stirred
for 16 h. The mixture was concentrated in vacuo then quenched with H,SO4 (20 mL, 2 N)
and extracted with ethyl acetate (2 x 50 mL). The combined organic layers were dried and
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evaporated. Column chromatography, eluting with petrol/ethyl acetate (5:2) gave (R)-16-
methoxyheptadecanoic acid (0.45 g, 86%). Conc. H2SO4 (3 drops) was added to a stirred
solution of the acid ( 0.45 g, 1.5 mmol) in methanol (15 mL) and the mixture was refluxed for
3 hat 92 °C. The solution was evaporated and the residue was diluted with a sat.aq. NaHCOs
(10 mL). The product was extracted with petrol/ethyl acetate (2 x 30 mL 1:1), dried and
evaporated, then purified by column chromatography, eluting with petrol/ethyl acetate (5:1)
to give a white solid, methyl (R)-16-methoxyheptadecanoate (0.45 g, 89.4%), m.p. 33 — 35
°C, [a]z,f —1.09 (c 0.9, CHCl3); which showed 6+ (400 MHz, CDCls): 3.67 (3H, s), 3.31 (3H,
s), 3.27 (1H, pent, J 6.0 Hz), 2.30 (2H,t, J 7.5 Hz), 1.66 — 1.56 (2H, m), 1.50 — 1.46 (1H, m),
1.43 - 1.20 (23H, m), 1.12 (3H, d, J 6.1 Hz); ¢ (101 MHz, CDCls): 174.4, 76.8, 55.9, 51.4,
36.4, 34.1, 29.8, 29.6, 29.5, 29.4, 29.3, 29.1, 25.5, 24.9, 19.0; vma/cm™: 2917, 2849, 1733,
1463.

4.11 Methyl (S)-16-methoxyoctadecanoate (16)

i. A solution of (S)-16-methoxyheptadecyl pivalate (Supplementary) (17.5 g, 0.0473 mol) in
dry THF (60 mL) was added slowly to a stirred suspension of LiAIH4 (2.7 g, 0.071 mol) in
dry THF (150 mL) at — 20 °C under nitrogen, allowed to reach room temperature and then
refluxed for 1 h. Work up and purification as above gave a colourless oil, (S)-16-methoxy-
heptadecan-1-ol (11.8 g, 84%), [a]ZDg +2.1 (¢ 1.53, CHCIl3) {Found [M+H]": 287.2946;
C18H390> requires: 287.2945} which showed 6+ (500 MHz, CDCl3): 3.65 (2H, g, J 6.4 Hz),
3.32 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 1.63 — 1.49 (3H, m), 1.43 — 1.20 (26H, m), 1.12
(3H,d,J 6.1 Hz); &c (101 MHz, CDCls): 76.9, 63.1, 55.9, 36.3, 32.8, 29.8, 29.64, 29.6, 29.5,
29.4,25.7,25.5, 19.0; vmax/cm™: 3433, 2916, 2847, 1471.

ii A solution of the alcohol (0.40 g, 1.4 mmol) in CCls (2.0 mL) was added over 30 min. at
r.t. to a stirred solution of sodium periodate (0.89 g, 4.2 mmol) and ruthenium(lll) chloride
hydrate (3.7 mg, 0.0182 mmol) in acetonitrile (5.0 mL), CCl4 (2.0 mL) and water (8.0 mL).
The mixture was stirred for an additional 16 h, then concentrated in vacuo. Work up and
purification as for the R-isomer gave (S)-16-methoxyheptadecanoic acid (0.4 g, 95%).
Conc.H2SO4 (3 drops) was added to a stirred solution of the acid (0.40 g, 1.3 mmol) in
methanol (15 mL) and refluxed for 3 h at 92 °C. Work up and purification as above gave a
white solid, methyl (S)-16-methoxyheptadecanoate 16 (0.35 g, 83.7%), m.p 32 — 34 °C, [(1]2])6
+1.08 (¢ 0.92, CHCI3) which showed 61 (400 MHz, CDCls): 3.67 (3H, s), 3.31 (3H, s), 3.27
(1H, pent, J 6.0 Hz), 2.30 (2H, t, J 7.5 Hz), 1.63 — 1.56 (2H, m), 1.52 — 1.47 (1H, m), 1.35 -
1.22 (23H, m), 1.12 (3H, d, J 6.1 Hz); éc (101 MHz, CDCls): 174.4, 76.9, 55.9, 51.4, 36.3,
34.1, 29.8, 29.6, 29.5, 29.4, 29.3, 29.1, 25.5, 24.9, 19.0; vmax/cm™*: 2914, 2849, 1772, 1428.

4.12 (R)-(16-Methoxyheptadecyl)triphenylphosphonium bromide (17)
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i. Triphenylphosphine (25.1 g, 0.0956 mol) was added to a stirred solution of (R)-16-
methoxyheptadecan-1-ol (14) (22.8 g, 0.079 mol) in DCM (350 mL), followed by addition of
NaHCOs (0.5 g). The mixture was cooled to 10 °C then N-bromosuccinimide (21.3 g, 0.0119
mol) was added in portions and stirred at r.t. for 1 h. Sat.ag. sodium metabisulphate (150 mL)
was added and the product was extracted with DCM (2 x 200 mL). The combined organic
layers were dried and evaporated and the residue was refluxed in petrol/ethyl acetate (50:1)
for 1 h. The triphenyl phosphonium oxide was filtered on a pad of celite and washed with
petrol/ethyl acetate (50:1), the solvent was evaporated. Column chromatography, eluting with
petrol/ethyl acetate (50:1) gave (R)-1-bromo-16-methoxyheptadecane (23.0 g, 83%), [a]ZDg—

1.11 (c 1.97, CHCIs) {Found [M+H]": 349.2087; C1sH3sOBr requires: 349.2101} which
showed 61 (500 MHz, CDCIs): 3.41 (2H, t, J 6.8 Hz), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.0
Hz), 1.86 (2H, pent, J 6.9 Hz), 1.42 (2H, pent, J 6.8 Hz), 1.34 — 1.23 (25H, br. m), 1.12 (3H,
d, J 6.1 Hz); 6c (101 MHz, CDCIs): 76.9, 55.9, 36.3, 34.0, 32.8, 29.8, 29.63, 29.6, 29.5, 29.4,
28.8,28.2,25.4,19.0 ; vma/cm™: 2921, 2852, 1465.

ii. The (R)-1-bromide (22.5 g, 0.064 mol) was added to a stirred solution of triphenyl
phosphine (50.7 g, 0.193 mol) in toluene (120 mL), refluxed for 120 h, then the solvent was
evaporated. The residue was treated with petroleum ether (150 mL) and stirred
for 30 min, then decanted; column chromatography, eluting with CHCIs/MeOH (10:1) gave a
white solid, (R)-(16-methoxyheptadecyl)triphenylphosphonium bromide (17) (38 g, 97%);
[oc]zD9 —-1.0 (c 1.9, CHCI3) {Found [M-Br]*: 531.3737; C3sHs2OP requires: 531.3750} which
showed 61 (500 MHz, CDCls): 7.88 — 7.84 (6H, m), 7.80 — 7.77 (3H, m), 7.72 — 7.68 (6H,
m), 3.89 — 3.79 (2H, m), 3.31 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 1.68 — 1.58 (4H, m), 1.57
—1.46 (1H, m), 1.42 — 1.31 (2H, m), 1.29 — 1.15 (21H, m), 1.11 (3H, d, J 6.1 Hz); éc (101
MHz, CDCls): 135.0, 134.9, 133.6, 133.5, 130.5, 130.4, 118.7, 117.9, 76.8, 55.8, 36.2, 30.4,
30.3,29.7,29.54, 29.5, 29.49, 29.4, 29.14, 29.1, 25.4, 22.9, 22.6, 22.5, 22.46, 18.9; vmax/CM ~
1: 2922, 2853, 1467,

4.13 15-((Tetrahydro-2H-pyran-2-yl)oxy)pentadecanal (18)

A solution of 15-((tetrahydro-2H-pyran-2-yl)oxy)pentadecan-1-ol°>* (12.5 g, 0.0381 mol) in
DCM (40 mL) was added to a stirred solution of PCC (18.1 g, 0.0838 mol) in DCM (350
mL), when a black colour appeared. The mixture was stirred for 3 h, then poured into
petrol/ethyl acetate (200 mL 10:1). The solution was filtered through a pad of silica, washed
with petrol/ethyl acetate (200 mL), then evaporated. Chromatography on silica gel eluting
with petrol/ethyl acetate (5:1) gave 15-((tetrahydro-2H-pyran-2-yl)oxy)penta-decanal (18)
(11.7 g, 94%) which showed 61 (500 MHz, CDCls): 9.76 (1H, t, J 1.6 Hz), 4.58 (1H, m), 3.93
—3.85 (1H, m), 3.74 (1H, dt, J 6.9, 9.5 Hz), 3.57 — 3.45 (1H, m), 3.39 (1H, dt, J 6.7, 9.5 Hz),
2.42 (2H, td, J 1.6, 7.3 Hz), 1.90 — 1.79 (1H, m), 1.77 — 1.69 (1H, m), 1.64 — 1.50 (10H, m),
1.40 — 1.19 (18H, m); d¢c (101 MHz, CDClIs): 202.9, 98.8, 67.7, 62.3, 43.9, 30.8, 29.7, 29.6,
29.5,29.4,29.3, 29.1, 26.2, 25.5, 22.1, 19.7; vmax/ cm’’: 2926, 2854, 1727, 1462.

4.14 2-(((R,2)-31-methoxydotriacont-15-en-1-yl)oxy)tetrahydro-2H-pyran (19)
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Sodium bis(trimethylsilyl)amide (67.6 mL, 0.0676 mol, 1.0 M in THF) was added to a stirred
solution of the phosphonium salt (17) (24.3 g, 0.0398 mol) and aldehyde (18) (11.8 g,
0.0361 mol) in dry THF (150 mL) at — 35 °C under nitrogen. The mixture was stirred for 30
min, allowed to reach rt for 30 min, then cooled and quenched with sat. ag. NH4CI (20 mL).
The product was extracted with 10:1 petrol/ethyl acetate (3 x 100 mL). The combined
organic layers were washed with water (100 mL), brine (50 mL), dried and the solvent was
evaporated. Column chromatography, eluting with petrol/ethyl acetate (20:1) gave 2-(((R,2)-
31-methoxydotriacont-15-en-1-yl)oxy)tetrahydro-2H-pyran (20) (14.6 g, 70%), [oc]zD9 -3.8 (c
1.06, CHCIs) {Found [M+NHa4]*: 596.5970; CssH7sO3N requires: 596.5976} which showed
dn (500 MHz, CDClg): 5.35 ( 2H, pent, J 10.4 Hz), 4.61 — 4.57 (1H, m), 3.94 — 3.85 (1H, m),
3.74 (1H, dt, J 6.9, 9.5 Hz), 3.54 — 3.46 (1H, m), 3.39 (1H, dt, J 6.7, 9.5 Hz) 3.32 (3H, s),
3.27 (1H, br. pent, J 6.0 Hz), 2.05 — 1.98 (4H, m), 1.89 — 1.80 (1H, m), 1.75 — 1.69 (1H, m),
1.63 — 1.49 (8H, m ), 1.39 — 1.23 (46H, m), 1.12 (3H, d, J 6.1 Hz); dc (101 MHz, CDCl5):
129.9, 98.8, 76.9, 67.7, 62.3, 55.9, 36.3, 30.8, 29.8, 29.7, 29.66, 29.6, 29.56, 29.5, 29.3, 27.2,
26.2, 25.5, 25.4, 19.7, 19.0; vmax/cm™t: 2918, 2851, 1471, 1199.

4.15 R,Z-5-((31-methoxydotriacont-15-en-1-yl)sulfonyl)-1-phenyl-1H-tetrazole (20)

i Pyridinum-p-toluenesulfonate (2.50 g, 9.94 mmol) was added to a stirred solution of
compound (20) (11.5 g, 19.8 mmol) in THF (100 mL) and methanol (100 mL), stirred at 50
°C for 5 h, then sat. aq. NaHCOs3 (30 mL) and water (20 mL) were added and the product was
extracted with ethyl acetate (3 x 100 mL). The combined organic layers were washed with
water (150 mL), dried, and the solvent was evaporated. Chromatography, eluting with
petrol/ethyl acetate (10:1) gave a white solid, (R,Z)-31-methoxydotriacont-15-en-1-ol (9.2 g,
94%), m.p. 47 — 49 °C, [a]2])9—3.4 (c 1.01, CHCIs) {Found [M+H]": 495.5133; C33Hs702
requires: 495.5136} which showed 8 (500 MHz, CHCIs): 5.35 (2H, pent, J 10.4 Hz), 3.64
(2H, t, J 6.6 Hz), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 2.02 (4H, q, J 6.5 Hz), 1.57 (4H,
m), 1.40 — 1.22 (47H, m), 1.12 (3H, d, J 6.1 Hz); &c (101 MHz, CDCls): 129.9, 76.9, 63.1,
55.9, 36.3, 32.8, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 27.2, 25.7, 25.5, 19.0; vma/cm™: 3437,
2914, 2847, 1470, 1199.

iii Diethyl azodicarboxylate (4.1 g, 0.0234 mol) in dry THF (10 mL) was added to a stirred
solution of the above alcohol (8.9 g, 0.018 mol), triphenylphosphine (6.61 g, 0.0252 mol) and
1-phenyl-1H-tetrazole-5-thiol (4.17 g, 0.0234 mol) in dry THF (120 mL) at 0 °C under
nitrogen. The mixture was allowed to reach rt and then stirred for 1.5 h; the solvent was
evaporated, and the residue was treated with petrol/ethyl acetate (10:1, 150 mL) then refluxed
for 30 min. The mixture was allowed to reach rt, filtered through celite and the filtrate
evaporated to give a residue; chromatography, eluting with petrol/ethyl acetate (10:1) gave a
white  solid, (R,Z2)-5-((31-methoxydotriacont-15-en-1-yl)thio)-1-phenyl-1H-1,2,3-triazole
(11.0 g, 94%), m.p. 41 — 43 °C, [a]";f—4.8 (c 1.22, CHCI3) {Found [M+H]": 655.5337;
CaoH71N4SO requires: 655.5343} which showed 61 (500 MHz, CDClg): 7.62 — 7.53 (5H, m),
5.35 (2H, pent, J 10.9 Hz), 3.40 (2H, t, J 7.4 Hz), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz),
2.02 (4H, q, J 5.7 Hz), 1.82 (2H, pent, J 7.4 Hz), 1.60 — 1.50 (1H, m), 1.44 (1H, pent, J 6.7
Hz), 1.38 — 1.21 (46H, m), 1.12 (3H, d, J 6.1 Hz); é¢c (101 MHz, CDClIz): 130.0, 129.9, 129.8,
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123.9, 76.9, 55.9, 36.3, 33.4, 29.8, 29.7, 29.6, 29.5, 29.3, 29.1, 29.0, 28.7, 27.2, 25.5, 19.0;
vmax/cm™: 2911, 2848, 1742, 1471, 1116.

iii Ammonium molybdate (V1) tetrahydrate (3.2 g, 0.0030 mol) dissolved in cold hydrogen
peroxide (35%, 10 mL) was gradually added to a stirred solution of the above triazole (5.6 g,
0.0085 mol) in IMS (30 mL) and THF (60 mL) at 0 °C. The mixture was allowed to reach rt
and stirred for 2 h, then further ammonium molybdate (V1) tetrahydrate (1.6 g, 0.00090 mol)
in cold hydrogen peroxide (35%, 5 mL) was added, stirred for 6 h, poured into water (100
mL) and extracted with DCM (3 x 50 mL). The combined organic layers were dried and
evaporated to give a residue. The *H NMR showed a mixture of starting material, product and
sulphoxide; the reaction was repeated 4 times, when TLC showed no starting material was
left. Column chromatography, eluting with petrol/ethyl acetate (5:1) gave a white solid,
(R,Z)-5-((31-methoxydotriacont-15-en-1-yl)sulfonyl)-1-phenyl-1H-tetrazole (21) (5.0 g,
86%), m.p. 45 —47 °C, [a]2])9—5.57 (c 1.04, CHCIls3) {Found [M+H]": 687.5243; C4oH71N4O3S
requires: 687.5241}, which showed 61 (500 MHz, CDClz): 7.75 — 7.69 (2H, m), 7.68 — 7.59
(3H, m), 5.35 (2H, pent, J 10.9 Hz), 3.74 (2H, t, J 7.9 Hz), 3.32 (3H, s), 3.27 (1H, br. pent, J
6.0 Hz), 2.02 (4H, q, J 5.4 Hz), 1.97 — 1.92 (2H, m), 1.50 (3H, pent, J 6.6 Hz), 1.38 — 1.21
(45H, m), 1.12 (3H, t, J 6.8 Hz); 6c (101 MHz, CDCls): 131.5, 129.9, 129.7, 125.1, 76.9,
56.0, 55.9, 36.3, 29.8, 29.7, 29.6, 29.5, 29.3, 29.2, 28.9, 28.2, 27.2, 25.5, 21.9, 19.0; vmax/Cm"
1: 2915, 2849, 1593, 1471,

4.16 Methyl (R)-2-((1R,19R)-1-((tert-butyldimethylsilyl)oxy)-19-methyl-20-oxoeicosyl)-
tetracosanoate (21)

Periodic acid (2.5 g, 0.01 mol) was added to a stirred solution of methyl (R)-2-((1R,2R,19R)-
1-(tert-butyldimethylsilyloxy)-19-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)eicosyl)tetracosanoate
(prepared as described in the literature, [a]? +3.1 (c 0.85, CHCI3), lit. [a]z; +3.6 (¢ 0.94,
CHCI3)* (2.0 g, 0.002 mol) in ether/THF (5:2, 112 mL) at r.t. under nitrogen and stirred for 3
h, then filtered through a bed of celite and washed with ether/THF (50 mL). The solvent was
evaporated and column chromatography, eluting with petrol/ethyl acetate (5:1) gave methyl-
(R)-2-((1R,19R)-1-((tert-butyldimethylsilyl)oxy)-19-methyl-20-oxoeicosyl)tetracosanoate
(21) (1.7 g, 90%) {Found [M + Na*]: 843.7589; Cs;H10404Si Na requires: 843.7596}, [a]3®
—9.7 (c 0.88, CHCIl3) which showed 61 (500 MHz, CDCIs): 9.62 (1H, d, J 2.0 Hz), 3.90 (1H,
br. td, J 4.6, 6.8 Hz), 3.66 (3H, s), 2.53 (1H, ddd, J 3.7, 7.2, 10.9 Hz), 2.43 (1H, br. qd J 2.0,
7.0 Hz), 1.78 — 1.63 (1H, m), 1.59 — 1.15 (75H, m), 1.09 (3H, d, J 7.0 Hz), 0.88 (3H, t,J 7.1
Hz), 0.86 (9H, s), 0.04 (3H, s), 0.02 (3H, s); dc (101 MHz, CDCls): 205.4, 175.2, 73.2, 51.6,
51.2, 33.7, 31.9, 30.5, 29.8, 29.7, 29.6, 29.5, 29.46, 29.4, 29.3, 27.8, 27.5, 26.9, 25.8, 23.7,
22.7,17.9,14.1,13.3, - 4.4, - 4.9; vmax/cm™’: 2921, 2852, 1737, 1463.

4.17 Methyl (2R, 3R, 21R, 22E, 37Z, 53R)-3-((tert-butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-
21-methyltetrapentaconta-22, 37-dienoate (22)

Potassium bis(trimethylsilyl)amide (7.8 mL, 0.003 mol, 0.5 M in toluene) was added with
stirring to compound (21) (1.65 g, 0.002 mol ) and (R,Z)-5-((31-methoxydotriacont-15-en-1-
yl)sulfonyl)-1-phenyl-1H-tetrazole (20) (1.59 g, 0.003 mol) in dry THF (60 mL ) at —20 °C.
The reaction turned bright yellow and was left to reach rt and stirred for 10 min under
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nitrogen, then cooled to -5 °C, diluted with ethyl acetate (20 mL) and quenched with sat. ag.
NH4Cl (10 mL). The product was extracted with ethyl acetate (3 x 150 mL). The combined
organic layers were washed with water (100 mL), dried and evaporated. Chromatography
over silica gel, eluting with petrol/ether (20/1) gave the title compound (22) (1.7 g, 66%),
[a]3* 36 (c 0.94, CHCls) {Found [M+Na']: 1304.2618; CssH16304SiNa
requires:1304.2604}, which showed 6+ (500 MHz, CDClI3): 5.40 — 5.30 (3H, m), 5.24 (1H, br.
dd, J 7.5, 15.2 Hz), 3.90 (1H, br. dt, J 4.7, 6.5 Hz), 3.66 (3H, s), 3.32 (3H, s), 3.27 (1H, pent,
J 6.0 Hz), 2.53 (1H, ddd, J 3.7, 7.0, 10.8 Hz), 2.10 — 1.90 (7H, m), 1.60 — 1.17 (124H, v.br.
m), 1.12 (3H, d, J 6.1 Hz), 0.94 (3H, d, J 6.7 Hz), 0.88 (3H, t, J 6.8 Hz), 0.86 (9H, s), 0.04
(3H, s), 0.02 (3H, s); 6c (101 MHz, CDCl3): 175.2, 136.5, 129.9, 128.4, 76.9, 73.2, 55.9, 51.6,
51.2, 37.2, 36.7, 36.3, 33.7, 32.6, 31.9, 29. 8, 29.7, 29.6, 29.5, 29.3, 27.8, 27.5, 27.2, 25.8,
25.5,23.7,22.7, 20.9, 19.0, 14.1, — 4.4, — 4.9; vmax/cm™’: 2920, 2851, 1740, 1463, 1370.

418 Methyl (2R,3R,21R,22E,37Z,53R)-2-docosyl-3-hydroxy-53-methoxy-21-methyltetrapenta-
conta-22,37-dienoate (23)

The dienoate (22) (2.1 g, 1.6mmol) was dissolved in dry THF (22 mL) in a dry polyethylene
vial equipped with a rubber septum, followed by addition of pyridine (0.3 mL) at rt under
nitrogen. The mixture was cooled to 0 °C, when hydrogen fluoride-pyridine complex (~70%,
2 mL) was added dropwise. The mixture was stirred at 43 °C for 18 h, then added slowly to
sat. ag. NaHCO3 and stirred until no more CO2 was liberated. The product was extracted with
petrol/ethyl acetate (1:1, 3 x 30 mL), then the combined organic layers were dried, and
evaporated; chromatography, eluting with petrol/ethyl acetate (15:1, then 5:1) gave a white
solid, the title compound (23) (1.9 g, 66%), m.p. 51 — 53 °C, [a]z; +1.3 (¢ 0.99, CHCls3) {Found
[M+Na']: 1190.1752; C79Hi15404Na requires: 1190.1739} which showed &4 (400 MHz,
CDCl3): 5.42 —5.29 (3H, m), 5.23 (1H, br. dd, J 7.4, 15.3 Hz), 3.71 (3H, s), 3.66 — 3.62 (1H,
m), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 2.44 (1H, dt, J 5.3, 9.2 Hz), 2.09 — 1.94 (7H,
m), 1.76 — 1.65 (1H, m), 1.62 — 1.16 (124H, m, v. br. m), 1.12 (3H, d, J 6.1 Hz), 0.94 (3H, d,
J 7.0 Hz), 0.88 (3H, t, J 7.0 Hz); &c (101 MHz, CDClIs): 176.2, 136.5, 129.9, 128.4, 76.7,
72.3, 55.9, 51.5, 50.9, 37.2, 36.7, 36.3, 35.7, 32.6, 32.9, 29.8, 29.7, 29.6, 29.54, 29.5, 29.4,
29.36. 29.3, 29.1, 27.4, 27.3, 27.2, 25.7, 25.5, 22.7, 20.9, 19.0, 14.1; Vmax/cm™®: 3518, 2916,
2848, 1709, 1461, 1374.

419 (2R,3R,21R,22E,37Z,53R)-2-docosyl-3-hydroxy-53-methoxy-21-methyltetrapentaconta-22,
37-dienoic acid (24)

Lithium hydroxide monohydrate (0.46 g, 11.1 mmol) was added to a stirred solution of
dienoate (23) (1.3 g, 1.11 mmol) in THF (20 mL), water (2.6 mL) and MeOH (2 mL). The
mixture was heated at 45 °C for 16 h, then diluted with petrol/ethyl acetate (5:1, 20 mL), and
acidified with sat. aq. KHSOg4. The product was extracted with warm petrol/ethyl acetate (5:1,
3 x 50 mL), and the combined organic layers were dried and evaporated. Chromatography,
eluting with petrol/ethyl acetate (15:1 then 5:1) gave a white solid, the title acid (24) (1.2 g,
93%), m.p. 62 — 64 °C, [(1]2; +0.86 (c 0.81, CHCI3) {MALDI-Found [M-H]*: 1152.1615;
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CrgH15104 requires: 1152.1612}, which showed 61 (400 MHz, CDClz): 5.39 — 5.29 (3H, m),
5.24 (1H, br. dd, J 7.4, 15.3 Hz), 3.75 — 3.62 (1H, br. m), 3.32 (3H, s), 3.27 (1H, br. pent, J
6.0 Hz), 2.49 — 2.33 (1H, br. m), 2.06 — 1.99 (7H, m), 1.43 — 1.16 (126H, v. br. m), 1.12 (3H,
d, J 6.1 Hz), 0.94 (3H, d, J 7.0 Hz), 0.88 (3H, t, J 7.0 Hz); &¢c (101 MHz, CDCls): 180.0,
136.5, 129.9, 128.4, 76.9, 72.2, 55.8, 37.3, 36.7, 36.3, 35.5, 32.6, 31.9, 29.8, 29.76, 29.72,
29.7, 29.6, 29.5, 29.4, 29.3, 27.4, 27.2, 25.8, 25.5, 22.7, 20.9, 19.0, 14.1; Vmax/cm™: 3272,
2915, 2848, 1711, 1467, 1372.

420 (2R3R21R,22E,37Z,53S)-2-docosyl-3-hydroxy-53-methoxy-21-methyltetrapentaconta-22,
37-dienoic acid (25)

Lithium hydroxide monohydrate (0.28 g, 6.0 mmol) was added to a stirred solution of methyl
(2R,3R,21R,22E,37Z,53S)-2-docosyl-3-hydroxy-53-methoxy-21-methyltetrapentaconta-22,37-dienoate
(Supplementary) (0.8 g, 0.6 mmol) in THF (16 mL), water (1.5 mL) and MeOH (1 mL). The
mixture was heated at 45 °C for 16 h, then worked up as above to give a white solid, the title
acid (25) (0.56 g, 71%), m.p. 61 — 63 °C, [oc]ZI;L +0.89 (c 0.78 CHCI3z) {MALDI-Found [M-
H]*: 1152.1608; C7sH15104 requires: 1152.1612} which showed 84 (400 MHz, CDCls): 5.41
—5.30 (3H, m), 5.24 (1H, br. dd, J 7.4, 15.3 Hz), 3.75 — 3.65 (1H, br. m), 3.33 (3H, s), 3.27
(1H, br. pent, J 6.0 Hz), 2.45 — 2.35 (1H, br. m), 2.10 — 1.91 (7H, m), 1.45 — 1.19 (126H, v.
br. m), 1.12 (3H, d, J 6.1 Hz), 0.94 (3H, d, J 7.0 Hz), 0.88 (3H, t, J 7.0 HZz); 6c (101 MHz,
CDCls): 180.0, 136.5, 129.9, 128.4, 76.9, 72.3, 55.9, 37.3, 36.7, 36.3, 32.6, 31.9, 29.8, 29.76,
29.72, 29.7, 29.6, 29.5, 29.4, 29.3, 27.4, 27.2, 25.8, 25.5, 22.7, 20.9, 19.0, 14.1; Vmax/cm™:
3272, 2915, 2848, 1711, 1467, 1371.

421 (2R,3R,21R,22E,37Z,53R)-3-((tert-Butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-21-methyl-
tetrapentaconta-22,37-dienoic acid (26)

Imidazole (0.62 g, 91.8 mmol) was added to a stirred solution of acid (24) (1.06 g, 9.1 mmol)
in dry DMF (7 mL) and dry toluene (7 mL) at rt followed by the addition of tert-butyl-
dimethylsilylchloride (1.4 g, 91.8 mmol) and 4-DMAP (0.11 g). The mixture was stirred at
70 °C for 24 h. The solvent was removed under high vacuum and the residue was diluted
with petrol/ethyl acetate (1:1, 50 mL) and water (20 mL). The aqueous layer was re-extracted
with petrol/ethyl acetate (1:1, 3 x 20 mL). The combined organic layers were washed with
water, dried and evaporated to give a colourless oil. This was dissolved in THF (40 mL), and
ag. tetra-n-butyl ammonium hydroxide (26 mL, 5%) was added slowly. The mixture was
stirred at r.t. for 3 h, diluted with petrol/ethyl acetate (1:1, 30 mL) and water (2 mL) then
acidified with KHSO4 to pH 2. The aqueous layer was re-extracted with petrol/ethyl acetate
(1:1, 20 mL). The combined organic layers were washed with water, dried and evaporated to
give a residue. Column chromatography, eluting with petrol/ethyl acetate (15:1) gave the acid
(26) (1.09 g, 94%), [oc]zD8 -1.02 (¢ 0.78, CHCI3) {MALDI-Found [M — H]": 1266.2480;
Cs4H16504Si requires: 1266.2477} which showed &4 (400 MHz, CDCIs): 5.41 — 5.29 (3H, m),
5.24 (1H, br. dd, J 7.4, 15.2 Hz), 3.83 (1H, ddd, J 3.0, 5.6, 7.6 Hz), 3.32 (3H, s), 3.27 (1H, br.
pent, J 6.0 Hz), 2.53 (1H, ddd, J 2.7, 5.9, 8.8 Hz), 2.09 — 1.92 (7H, m), 1.79 — 1.65 (1H, m),
1.64 —1.48 (7H, m), 1.45 — 1.20 (117H, v. br. m), 1.12 (3H, d, J 6.1 Hz), 0.96 — 0.92 (12H,
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including s at 0.93), 0.88 (3H, t, J 7.0 Hz), 0.15 (3H, s), 0.14 (3H, s); c (101 MHz, CDCls):
175.9, 136.5, 129.9, 128.4, 76.9, 73.6, 55.9, 50.3, 41.3, 37.2, 36.7, 36.3, 35.5, 32.6, 31.9, 29.
8,29.7, 29.6, 29.5, 27.4, 27.2, 25.7, 25.6, 25.5, 24.9, 22.7, 22.6, 20.9, 19.0, 17.9, 14.1, — 4.3,
—4.9; Vmax/cm™: 3688, 2918, 2850, 1708, 1463, 1370.

4.22 6,6’-bis-0-(2R,3R,21R,22E,37Z,53R)-3-((tert-Butyldimethylsilyl)oxy)-2-docosyl-53-meyhoxy-
21-methyltetrapentaconta-22,37-dienoic-2,3,4,2°,3°,4’-hexakis-O-(trimethylsilyl)-a,a’-
trehalose and 6-0-(2R,3R,21R,22E,37Z,53R)-3-((tert-butyldimethylsilyl)oxy)-2-docosyl-53-
methoxy-21-methyltetrapentaconta-22,37-dienoic-2,3,4,2°,3”,4’-hexakis-O-(trimethylsilyl)-
a,0’-trehalose

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (0.277 g, 1.44 mmol)
and DMAP (0.176 g, 1.44 mmol) were added to a stirred solution of (26) (0.412 g, 0.325
mmol) and 2,3,4,2’,3",4’-hexakis-O-(trimethylsilyl)a,a’-trehalose (27)% (0.14 g, 0.18 mmol)
and powdered 4 A° molecular sieves in dry dichloromethane (4 mL) at rt under nitrogen. The
mixture was stirred for 8 days then diluted with dichloromethane (5 mL) and silica gel (1 g)
was added. The mixture was evaporated under reduced pressure to give a residue;
chromatography, eluting with petrol/ethyl acetate (20:1) gave a first fraction, 6,6’-bis-O-
(2R,3R,21R,22E,37Z,53R)-3-((tert-butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-21-methyl-
tetrapentaconta-22,37-dienoic-2,3,4,2°,3°,4’-hexakis-O-(trimethylsilyl)-a,a’-trehalose (TDM) as
a colourless thick oil (0.22 g, 21%), [a]z; +23 (c 0.98, CHCI3) {Found [M+Na]": 3297.8398;
C108H398017SigNa requires: 3297.8375} which showed 61 (400 MHz, CDClg): 5.40 — 5.29
(6H, m), 5.24 (2H, br. dd, J 7.4, 15.3 Hz), 4.85 (2H, br. d, J 3.0 Hz), 4.37 (2H, br. d, J 10.0
Hz), 4.04 — 3.97 (4H, m), 3.96 — 3.93 (2H, m), 3.89 (2H, br. t, J 8.8 Hz), 3.52 (2H, br. t, J 9.0
Hz), 3.38 (2H, dd, J 3.0, 9.0 Hz), 3.32 (6H, s), 3.27 (2H, br. pent, J 6.1 Hz), 2.57 — 2.53 (2H,
m), 2.06 — 1.94 (14H, m), 1.66 — 1.16 (248H, m), 1.12 (6H, d, J 6.7 Hz), 0.94 (6H, d, J 6.7
Hz), 0.94 — 0.85 (24H, including t at 0.90, J 6.6 Hz, and s at 0.88), 0.16 (18H, s), 0.14 (18H,
s), 0.13 (18H, s), 0.06 (12H, s); éc (101 MHz, CDCls): 173.8, 136.5, 129.9, 128.4, 94.8, 76.9,
73.5, 73.4, 72.8, 71.8, 70.7, 62.4, 55.9, 51.8, 37.3, 36.7, 36.4, 33.4, 32.6, 31.9, 29.8, 29.7,
29.6, 29.55, 29.5, 29.4, 29.1, 27.4, 27.2, 25.8, 25.5, 25.1, 22.7, 20.9, 19.0, 14.1, 1.09, 0.94,
0.15, — 4.5, — 4.6 ; vmawcm™; 3667, 2922, 2852, 1739, 1463.

The second fraction, 6-0-(2R,3R,21R,22E,37Z,53R)-3-((tert-butyldimethylsilyl)oxy)-2-docosyl-53-
methoxy-21-methyltetrapentaconta-22,37-dienoic-2,3,4,2°,3°,4’-hexakis-O-(trimethylsilyl)-a, 0.’

trehalose (TMM) was a thick oil (0.18 g, 28%), [a]Z;’ +38 (c 0.92, CHCI3) {Found [M+Na]":
2047.5918; C114H234014Si7Na requires: 2047.5901} which showed 61 (400 MHz, CDCls): 5.40
—5.29 (3H, m), 5.24 (1H, br. dd, J 7.4, 15.3 Hz), 4.91 (1H, d, J 3.0 Hz), 4.84 (1H, d, J 3.0 Hz),
4.35 (1H, dd, J 2.2, 11.8 Hz), 4.07 (1H, dd, J 4.2, 11.8 Hz), 3.98 (1H, dt, J 2.2, 6.0 Hz), 3.99 —
3.87 (3H, including td, J 5.8, 9.9 Hz), 3.84 (1H, dt, J 3.4, 6.6 Hz), 3.75 — 3.65 (2H, m), 3.48
(2H, br. td, J 4.4, 9.2 Hz), 3.42 (1H, dd, J 3.0, 9.2 Hz), 3.39 (1H, dd, J 3.0, 9.2 Hz), 3.32 (3H,
s), 3.27 (1H, br. pent, J 6.0 Hz), 2.59 — 2.53 (1H, m), 2.10 — 1.92 (7H, m), 1.76 — 1.68 (1H,
m), 1.56 — 1.17 (124H, m), 1.12 (3H, d, J 6.1 Hz), 0.94 (3H d, J 6.6 Hz), 0.91 — 0.86 (12H,
including t at 0.90, J 6.0 Hz, and s at 0.87), 0.17 (9H, s), 0.16 (9H, s), 0.15 (9H, s), 0.14
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(18H, s), 0.12 (9H, s), 0.06 (3H, s), 0.05 (3H, s); 8¢ (101 MHz, CDCls): 174.1, 136.5, 129.9,
128.4, 94.5, 94.4, 76.9, 73.4, 73.3, 72.9, 72.8, 72.7, 71.9, 71.4, 70.7, 62.5, 61.7, 55.9, 51.8,
37.3, 36.7, 36.4, 33.4, 32.6, 31.9, 29.8, 29.78, 29.7, 29.6, 29.58, 29.5, 29.4, 29.3, 29.1, 28.1,
27.4,27.2, 26.4, 25.8, 25.5, 24.8, 22.7, 20.9, 19.0, 14.1, 1.05, 1.00, 0.92, 0.84, 0.17, 0.04, — 4.5,
—4.7; vmmdcm}; 2923, 2853, 1733, 1463.

423 6,6’-bis-0-(2R,3R,21R,22E,37Z,53R)-3-Hydroxy-2-docosyl-53-methoxy-21-methyltetra-
pentaconta-22,37-dienoic-a,0.’-trehalose (28)

(i) Tetrabutylammonium fluoride (TBAF) (0.41 mL, 0.41 mmol, 1.0 M) was added to a
stirred solution of the above TDM (0.19 g, 0.058 mmol) in dry THF (10 mL) under nitrogen.
The mixture was stirred for 1 h at rt, then evaporated to give a residue, which was purified by
column chromatography, eluting with CHCI/MeOH (10:1) to give 6,6’-bis-O-
(2R,3R,21R,22E,37Z,53R)-3-((tert-butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-21-methyltetra-

pentaconta-22,37-dienoic-a,a’-trehalose as a colourless thick oil (0.14 g, 84%), [oc]ZDS +13 (c

0.80, CHCIz) {Found [M+Na]*: 2865.6033; CigoH350017Si2Na requires: 2865.6015} which
showed &H (400 MHz, CDCls + few drops of CD30OD): 5.35 — 5.25 (6H, m), 5.19 (2H, dd, J
7.3, 15.4 Hz), 5.05 (2H, br. d, J 3.2 Hz), 4.33 (2H, br. dd, J 4.7, 12.0 Hz), 4.20 (2H, br. d, J
12.0 Hz), 3.98 — 3.85 (4H, m), 3.74 (2H, br. t, J 9.2 Hz), 3.44 (2H, dd, J 3.2, 9.2 Hz), 3.32 —
3.23 (10H, including s at 3.27 for the methoxy groups), 2.83 (6H, br. s for OH groups), 2.59
— 2.46 (2H, m), 2.05 — 1.86 (14H, m), 1.60 — 1.11 (254H, m), 1.08 (6H, d, J 6.1 Hz), 0.89
(6H, d, J 6.7 Hz), 0.85 - 0.75 (12H, including t at 0.84, J 6.0 Hz, and s at 0.81), 0.003 (9H, s),
0.02 (9H, s); 6c (101MHz, CDCls + few drops of CD30OD): 175.2, 136.4, 129.8, 128.3, 93.4,
76.9, 73.2, 71.7, 70.5, 69.9, 62.9, 55.8, 51.6, 37.2, 36.6, 36.1, 33.6, 32.5, 31.8, 29.7, 29.62,
29.6, 29.5, 29.3, 27.7, 27.3, 27.1, 26.9, 25.8, 25.7, 25.4, 24.2, 22.6, 20.8, 18.9, 17.9, 14.0,
— 4.6, — 4.9; vmax/cm™: 3383, 2920, 2851, 1739, 1463.

(if) The above product (0.12 g, 0.042 mmol) was dissolved in dry THF (12 mL) in a small
dry polyethylene vial equipped with a rubber septum, followed by addition of pyridine (0.1
mL) at r.t under nitrogen. The mixture was cooled to 5 °C, and then hydrogen fluoride-
pyridine complex (~70%, 1.2 mL) was added dropwise. The mixture was stirred at 45 °C for
17 h, when the excess of the HF was neutralized with sat. ag. sodium hydrogen carbonate (10
mL), and the product was extracted with CHCI3 (3 x 30 mL). The combined organic layers
were dried and evaporated. Column chromatography eluting with CHCIls/MeOH (15:1) gave
a yellowish semi-solid, the title compound (28) (0.061 g, 56%), [a]? +28.6 (c 1.35, CHCls)

{Found [M+Na]*: 2635.4224; C1ssH322017Na requires: 2635.4238} which showed 54 (CDCl3
+ few drops of CD30D): 5.44 —5.28 (6H, m), 5.22 (2H, br. dd, J 7.4, 15.4 Hz), 4.99 (2H, br.
d, J 3.3 Hz), 4.81 (2H, br. d, J 11.0 Hz), 4.35 (2H, br. t, J 9.8 Hz), 3.85 (2H, br. t, J 11.0 Hz),
3.75 (2H, br. t, J 9.2 Hz), 3.72 — 3.65 (2H, br. m), 3.52 (2H, dd, J 3.3, 9.8 Hz), 3.30 (6H, s),
3.26 (2H, br. pent, J 6.0 Hz), 3.19 (2H, br. t, J 9.2 Hz), 2.43 — 2.37 (2H, m), 2.04 — 1.92
(14H, m), 1.78 (8H, s ), 1.65 — 1.15 (248H, m), 1.10 (6H, d, J 6.1 Hz), 0.92 (6H, d, J 6.7 Hz),
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0.86 (6H, t, J 6.5 Hz); ¢ (101 MHz, CDCls + few drops of CD3OD): 175.5, 136.4, 129.8,
128.3, 95.2, 77.0, 72.5, 72.3, 71.5, 71.1, 69.7, 64.6, 55.7, 52.1, 37.1, 36.6, 36.1, 34.6, 32.5,
31.8, 29.6, 29.5, 29.4, 29.36, 29.26, 29.2, 29.0, 27.3, 27.2, 27.1, 25.3, 25.1, 22.6, 20.8, 18.8,
13.9; vmax/cm™: 3371, 2917, 2849, 1721, 1466.

4.24 6-0-(2R,3R,21R,22E,37Z,53R)-3-hydroxy-2-docosyl-53-methoxy-21-methyltetrapentaconta-
22, 37-dienoic-a,0’-trehalose (29)

(i) TBAF (0.45 mL, 0.45 mmol, 1.0 M) was added to a stirred solution of the above TMM
(0.13 g, 0.064 mmol) in dry THF (6 mL) under nitrogen, stirred for 12 h, then evaporated,;
column chromatography, eluting with CHCIlz/MeOH (10:1) gave 6-0O-(2R,3R,21R,22E,37Z,
53R)-3~((tert-butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-21-methyltetrapentaconta-22,37-dienoic-

a,0’-trehalose (29) as a colourless thick oil (0.080 g, 78%), [oc]ZD5 +26 (c 0.65, CHCl3) {Found
[M+Na]™: 1614.3504; CosH186014SiNa requires: 1614.3519} which showed &1 (400 MHz,
CDCl3 + few drops of CD30D): 5.32 — 5.26 (3H, m), 5.18 (1H, br. dd, J 7.4, 15.4 Hz), 5.03
(2H, br. s), 430 -4.20(2H, m), 3.95 - 3.71 (6H, m), 3.68 —3.60 (1H, m), 3.48
—-3.40(2H, m), 3.34 -3.20(6H,including s at 3.27), 252 -2.47(1H,m), 2.02
—1.87 (7H, m), 1.50 — 1.10 (131H, m), 1.06 (3H, d, J 6.1 Hz), 0.87 (3H, d, J 6.6 Hz), 0.82
(3H, t, J 6.3 Hz), 0.79 (9H, s), — 0.016 (3H, s), — 0.038 (3H, S); dc (101 MHz, CDCls + few
drops of CD30D): 175.1, 136.3, 130.2, 129.8, 128.3, 93.5, 93.4, 76.9, 73.1, 73.0, 72.6, 72.1,
71.5, 70.7, 70.2, 69.9, 62.7, 61.9, 55.7, 51.6, 37.1, 36.6, 36.0, 33.5, 32.4, 31.8, 29.7, 29.6,
29.56, 29.4, 29.39, 29.2, 29.17, 29.0, 27.6, 27.2, 27.1, 26.9, 25.6, 25.3, 24.1, 22.5, 20.8, 18.8,
13.9, - 4.7, - 5.1; vmadcm®: 3352, 2919, 2850, 1733, 1465, 940.

(ii) The above product (0.075 g, 0.047 mmol) was dissolved in dry THF (10 mL) in a small
dry polyethylene vial equipped with a rubber septum, followed by addition of pyridine (0.1
mL) at r.t under nitrogen. The mixture cooled to 5 °C, and then hydrogen fluoride-pyridine
complex (~70%, 1.0 mL) was added dropwise. The mixture was stirred at 45 °C for 17 h,
when the excess of HF was neutralized with sat. ag. NaHCOz (10 mL), and extracted with
CHCIs (3 x 30 mL). The combined organic layers were dried and evaporated. Column
chromatography eluting with CHCl3/MeOH (15:1) gave a yellowish semi-solid, the title
compound (29) (0.020 g, 29%), [a]"’[f + 43 (c 0.30, CHCI3) {Found [M+Na]*:1500.2639;
CooH172014Na requires: 1500.2646} which showed o6n (400 MHz, CDCl3z + few drops of
CDs0D): 5.35 -5.24 (3H, m), 5.18 (1H, dd, J 7.3, 15.5 Hz), 5.05 (1H, d, J 2.9 Hz), 4.98 (1H,
d, J 3.1 Hz), 4.66 (1H, br. d, J 10.4 Hz), 4.22 (1H, br. t, J 10.4 Hz), 3.93 (1H, br. t, J 10.3
Hz), 3.91 — 3.70 (4H, m), 3.65 — 3.50 (4H, m), 3.46 (1H, br. d, J 10.8 Hz), 3.25 — 3.15 (5H,
including s at 3.2 for methoxy group), 2.40 — 2.32 (1H, m), 2.0 — 1.85 (7H, m), 1.60 — 1.10
(132H, m), 1.07 (3H, d, J 6.1 Hz), 0.86 (3H, d, J 6.7 Hz), 0.83 (3H, t, J 6.4 Hz); éc (101
MHz, CDCl3 + few drops of CD30D): 175.5, 136.3, 129.8, 128.3, 94.8, 94.7, 77.1, 72.6, 72.5,
72.4,72.3, 71.5, 71.2, 71.1, 70.9, 69.9, 64.4, 62.1, 55.7, 52.3, 37.1, 36.6, 36.1, 34.6, 32.5,
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31.8, 29.6, 29.5, 29.4, 29.3, 29.23, 29.2, 29.0, 27.2, 27.17, 27.1, 25.3, 25.0, 22.6, 20.8, 18.8,
13.9; vmax/cm™t: 3344, 2918, 1850, 1718, 1467.

4.25 6-0-(2R,3R,21R,22E,37Z,53R)-2-Docosyl-3-hydroxy-53-methoxy-21-methytetrapentaconta-
22, 37-dienoate-p-D-glucopyranoside (32)

() (2R,3R,21R,22E,37Z,53R)-3-((tert-Butyldimethylsilyl)oxy)-2-docosyl-53-methoxy-21-methyltetra-
pentaconta-22,37-dienoic acid (26) (100 mg, 0.078 mmol) was dissolved in a mixture of THF
and DMF (5:1, 3 mL) at rt, and then gently heated until all had dissolved. Dry cesium
hydrogen carbonate (76.6 mg, 0.39 mmol) and benzyl-2,3,4-tri-O-benzyl-6-O-tosyl-p-D-
glucopyranoside (31)%° (82.1 mg, 0.011 mmol) were added. The mixture was stirred at 70 °C
for 18 h, then the volatiles were evaporated. Chromatography, eluting with petrol/ethyl
acetate (5:1) gave benzyl-2,3,4-tri-O-benzyl-6-O-(2R,3R,21R,22E,37Z,53R)-2-docosyl-3-
hydroxy-53-methoxy-21-methytetrapentaconta-22,37-dienoate-B-D-glucopyranoside  (0.085 g,
64%), [a]ZDS +13 (c 0.80, CHCIz) {Found [M+H]": 1676.4192; Ci12H18709 requires:
1676.4175} which showed &y (400 MHz, CDCl3): 7.40 — 7.28 (20H, m), 5.40 — 5.29 (3H, m),
5.24 (1H, br. dd, J 7.4, 15.3 Hz), 4.96 (1H, d, J 11.0 Hz), 4.95 (1H, d, J 11.0 Hz), 4.94 (1H, br.
s), 4.90 (1H, d, J 12.0 Hz), 4.80 (1H, d, J 11.0 Hz), 4.71 (1H, d, J 11.0 Hz), 4.63 (1H, d, J
12.0 Hz), 4.60 (1H, d, J 12.0 Hz), 4.56 — 4.52 (2H, m), 4.22 (1H, dd, J 4.7, 12.0 Hz), 3.70 —
3.60 (2H, m), 3.56 — 3.48 (3H, m), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.0 Hz), 2.53 — 2.43
(2H, including d, J 7.9 Hz, OH), 2.10 — 1.91 (7H, m), 1.80 — 1.67 (1H, m), 1.65 — 1.60 (1H,
m), 1.59 — 1.43 (7H, m), 1.40 — 1.18 (115H, m), 1.12 (3H, d, J 6.1 Hz), 0.94 (3H, d, J 6.6
Hz), 0.89 (3H, t, J 6.8); dc (101 MHz, CDCls): 175.2, 138.4, 138.2, 137.7, 137.1, 136.4,
130.4, 129.9, 128.5, 128.4, 128.37, 128.3, 128.1, 128.0, 127.9, 127.85, 127.8, 127.6,102.3,
84.5, 82.3, 77.8, 76.9, 75.1, 74.9, 72.8, 72.3, 71.1, 62.8, 55.9, 51.3, 37.2, 36.7, 36.3, 35.6,
32.6, 31.9, 29.8, 29.7, 29.65, 29.6, 29.59, 29.5, 29.3, 29.4, 29.35, 29.3, 29.1, 27.5, 27.3, 27.2,
25.9, 25.4,22.7, 20.9, 19.0, 14.1; vmax/cm™’; 3664, 2921, 2851, 1735, 1454.

(ii) Liguid ammonia (50 mL) was condensed into a two neck flask (100 mL) under a liquid
nitrogen/methylated spirit condenser protected by a soda lime guard tube. Sodium (~ 70 mg)
was added until the blue colour of the solution persisted. The above product (80.0 mg, 0.04
mmol) in 1,4-dioxane (5 mL) was added and the mixture was stirred for 4-5 min until the
blue colour disappeared. The reaction was quenched with NH4Cl (10 mL) and ether (30 mL)
was added. The ammonia was allowed to evaporate, and the organic layer was separated and
the aqueous layer re-extracted with ether (2 x 30 mL). The combined organic layers were
dried and evaporated. Column chromatography on silica gel, eluting with CHCIl3/MeOH
(10:1) gave the title compound (32) (0.014 g, 22%), [a]* +12 (c 0.78 CHCIs) {Found

[M+Na]*: 1338.2118; CssH16209Na requires: 1338.2111} which showed &n (400 MHz,
CDCIs + few drops of CD3OD); (a, B isomers) in ratio 0.6:0.4: 5.35 — 5.25 (3H, m), 5.19
(1H, br. dd, J 7.2, 15.1 Hz), 5.12 (0.6H, br. d, J 3.8 Hz, H1—a), 4.47 (0.4H, d, J 7.7 Hz, H1 -
B), 4.42 (1H, br. dd, J 2.3, 11.7 Hz, He —a, B), 4.26 (1H, br. dd, J 5.2, 11.7 Hz, Hs—a, B), 3.95
(0.6H, br. ddd, J 3.0, 5.6, 7.0 Hz, Hs —a), 3.67 — 3.59 (1.6H, m, Hs —a. + CH — OH mycolic
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acid), 3.50 — 3.45 (0.4H, m, Hs —B), 3.40 — 3.30 (2H, m, H23—a + H34 —f), 3.31 — 3.23 (4H,
including s at 3.27 for methoxy group), 3.18 (0.4H, t, J 7.6 Hz, H> —p), 2.42 — 2.34 (1H, m),
2.05-1.85 (7H, m), 1.70 — 1.12 (129H, m), 1.08 (3H, d, J 6.1 Hz), 0.90 (3H, d, J 6.7 Hz),
0.83 (3H, t, J 7.0 Hz); 6c(101 MHz, CDCl3 + few drops of CD3OD); (a, B isomers): 175.2,
136.4, 129.8, 128.3, 96.5 (C-1B), 92.2 (C-1a), 77.0, 76.0, 74.4, 73.6, 73.4, 72.5, 72.1, 70.5,
70.2, 69.2, 63.6, 63.4, 55.7, 52.7, 52.6, 37.1, 36.6, 36.1, 34.9, 32.5, 31.8, 29.6, 29.57, 29.5,
29.3, 29.24, 29.2, 29.1, 29.09, 29.06, 29.0, 27.3, 27.25, 27.1, 25.3, 22.6, 20.8, 18.8, 14.0;
vmax/cm™; 3344, 2917, 2849, 1719, 1466.

426 Methyl-5-0O-[(2R,3R,21R,22E,37Z,53R)-2-docosyl-3-hydroxy-53-methoxy-21-methyltetra-
pentaconta-22,37-dienoate]-a-D-arabinofuranoside (35)

(i) Dry cesium hydrogen carbonate (65.0 mg, 0.33 mmol) was added to a stirred solution of
arabinofuranoside (34)* (50.0 mg, 0.10 mmol) and acid (26) (0.085 g, 0.067 mmol) in dry THF
and DMF (5:1, 3 mL) at rt. The mixture was brought to 70 °C and stirred at this temperature for
18 h, then the volatiles were evaporated. Column chromatography, eluting with petrol/ethyl
acetate (5:1) gave methyl 2,3-di-O-benzyl-5-O-[(2R,3R,21R,22E,37Z,53R)-2-docosyl-3-hydroxy-
53-methoxy-21-methyltetrapenta-conta-22,37-dienoate]-a-D-arabinofuranoside  (0.056 g, 57%),
[a]z; +17 (c 0.75, CHCIz) {Found [M+Na]": 1503.3155; CgsH1740sNa requires: 1503.3135}
which showed 61 (400 MHz, CDCls) 7.39 — 7.28 (10H, m), 5.40 — 5.29 (3H, m), 5.24 (1H, br. dd,
J 7.4,15.2 Hz), 4.92 (1H, br. s), 457 (1H, d, J 12.0 Hz), 4.56 (1H, d, J 12.0 Hz), 4.49 (1H, d, J
11.8 Hz), 4.47 (1H, d, J 11.8 Hz), 4.30 (1H, br. d J 12.0. Hz), 4.28 (1H, br. d, J 12.0), 4.21 (1H,
br. td, J 4.6, 6.4 Hz), 3.99 (1H, dd, J 0.6, 2.4 Hz), 3.84 (1H, dd, J 2.7, 6.7 Hz), 3.67 — 3.59 (1H,
m), 3.37 (3H, s), 3.32 (3H, s), 3.27 (1H, br. pent, J 6.2 Hz), 2.51 (1H, d, J 8.2 Hz), 2.43 (1H, dt,
J5.9,9.1Hz),210-1.91 (7H, m), 1.75 - 1.60 (1H, m), 1.59 — 1.15 (123 H, m), 1.12 (3H, d, J
6.4 Hz), 0.94 (3H, d, J 6.7 Hz), 0.88 (3H, t, J 6.5 Hz); dc (101 MHz, CDCls): 175.0, 137.4, 137.3,
136.4, 129.9, 128.5, 128.45, 128.4, 127.9, 127.93, 127.91, 127.8, 107.2, 87.9, 83.7, 79.4, 76.9,
724,721,720, 63.5, 55.9, 54.9, 51.5, 37.2, 36.7, 36.3, 35.5, 32.6, 31.9, 29.8, 29.7, 29.6, 29.56,
29.5, 29.4, 29.3, 27.4, 27.3, 27.2, 25.7, 25.4, 22.7, 20.9, 19.0, 14.1; vma/cm™; 3658, 2920, 2851,
1734, 1455.

(i) Ligquid ammonia (50 mL) was condensed into a two neck flask (100 mL) under a liquid
nitrogen/methylated spirit condenser protected by a soda lime guard tube. Sodium (~70 mg)
was added until the blue colour persisted. The above product (0.052 g, 0.035 mmol) in 1,4-
dioxane (5 mL) was added and the mixture was stirred for 4-5 min until the blue colour
disappeared. The reaction was quenched with sat.aq. NH4CI (5 mL) and ether (20 mL). The
ammonia was allowed to evaporate and the organic layer was separated and the aqueous layer
re-extracted with ether (2 x 30 mL). The combined organic layers were dried and evaporated.
Column chromatography, eluting with CHCIls/MeOH (20:1) gave the title compound (35)
(0.0145 g, 32%) [a]* +15 (c 0.89, CHCI3) {Found [M+Na]": 1322.2173; CssH1s20sNa
requires:1322.2162} which showed 64 (400 MHz, CDCIs + few drops of CD3OD): 5.36 —
5.25 (3H, m), 5.18 (1H, br. dd, J 7.4, 15.2 Hz), 4.78 (1H, br. s), 4.32 (1H, dd, J 4.5, 11.7 Hz),
4.28 (1H, dd, J 5.0, 11.7 Hz), 4.07 (1H, br. q, J 4.8 Hz), 3.96 (1H, br. s), 3.84 (1H, br. g, J 2.8
Hz), 3.65 — 3.52 (1H, m), 3.34 (3H, s), 3.28 — 3.20 (4H, including s at 3.27 for methoxy group),
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2.43 - 2.34 (1H, m), 2.02 — 1.89 ( 7H, m), 1.68 — 1.11 (127H, m), 1.08 (3H, d, J 6.1 Hz), 0.88
(3H, d, J 6.7 Hz), 0.83 (3H, t, J 7.1 Hz); dc (101 MHz, CDClIs + few drops of CD3:0D): 175.1,
136.4, 129.8, 128.3, 108.8, 81.8, 81.2, 77.9, 77.0, 72.4, 63.4, 55.7, 54.9, 52.6, 37.1, 36.6,
36.1, 34.9, 32.5, 31.8, 29.8, 29.6, 29.5, 29.4, 29.3, 29.2, 29.19, 29.14, 29.1. 29.05, 29.0, 27.3,
27.2,27.1,25.3, 22.6, 20.8, 18.8, 14.0; vmax/cm™; 3458, 2917, 2850, 1721, 1466.

4.27 Oxidative cleavage of diene mycolates

A solution of methyl o’-mycolates (3.2, fraction 1, 8 mg), in benzene (1.5 mL) was added to
a mixture of t-butanol (18 mL), ag. sodium carbonate (0.02 M, 5 mL), distilled water (2.4
mL) and sodium periodate (164 mg), potassium permanganate (20 mg) in water (10.8 mL).
The mixture was stirred at rt for 64 h, acidified with 2M aq. HCI, then extracted with diethyl
ether (3 x 30 mL). The combined organic layers were dried and evaporated. The crude extract
was methylated with diazomethane and columned with petrol / ethyl acetate (10:1) to give a
first fraction (10 mg) which showed o (400 MHz; CDClIs): 3.67 (3H, s), 2.43 (1H, sextet, J
7.2 Hz), 2.30 (2H, t, J 7.5 Hz), 1.62 (2H, pentet, J 6.5 Hz), 1.45 — 1.25 (30H, m), 1.40 (3H, d,
J 7.0 Hz), 0.89 (3H, t, J 7.0 Hz); 6c (101 MHz; CDClIs): 51.4, 39.5, 34.1, 33.82, 31.9, 30.3,
29.7, 29.66, 29.65, 29.64, 29.6, 29.5, 29.48, 29.4, 29.3, 29.1, 27.2, 24.96, 22.68, 17.1, 14.1
(S4F1).

The second fraction (18 mg) which showed 6n (400 MHz; CDCls): 3.72 (3H, s), 3.67 (3H, s),
3.66 — 3.63 (1H, m), 2.50 — 2.40 (1H, m), 2.40 (1H, br. d, J 8.2 Hz), 2.30 (2H, t, J 7.5 Hz),
1.75 - 1.60 (3H, m), 1.50 — 1.35 (4H, m), 1.33 — 1.20 (69H, m), 1.14 (3H, d, J 7.0 Hz), 0.89
(3H, t, J 6.7 Hz); 6c (101 MHz; CDCls): 176.2, 72.3, 51.5, 51.4, 50.9, 39.4, 35.7, 34.1, 33.8,
31.9,29.7, 29.6, 29.5, 29.4, 29.3, 29.25, 29.1, 27.4, 27.2, 25.7, 24.9, 22.7, 17.05, 14.1 (S4F3).
The third fraction (12 mg) which showed 61 (400 MHz; CDCl3): 3.67 (6H, s), 2.30 (4H, t, J
7.5 Hz), 1.64 — 1.57 (10H, m), 1.28 — 1.26 (26H, m); éc (101 MHz; CDClIs): 174.3, 51.5,
34.13, 30.9, 29.7, 29.63, 29.6, 29.57, 29.54, 29.4, 29.37, 29.3, 29.2, 28.3, 25.7, 25.0, 22.7
(S4F2).

Acknowledgements: We thank the Saudi Arabia Ministry of Higher Education and Shaqra
University for the award of a PhD studentship to Zamzam S. Alhuwaymil, and the Iraqi
Ministry of Higher Education and Scientific Research - University of Mosul for a PhD
studentship for Intisar Q. M. Al-araj.

1. Asselineau, C.; Asselineau, J.; Lanéelle, G.; Lanéelle, M.-A. The biosynthesis of mycolic
acids by Mycobacteria: current and alternative hypotheses. Prog. Lipid Res., 2002, 41, 501
—523.

2. Verschoor, J. A.; Baird, M.S.; Grooten, J. Towards understanding the functional diversity
of cell wall mycolic acids of Mycobacterium tuberculosis. Prog Lipid Res., 2012, 51, 325 -
39. doi: 10.1016/j.plipres.2012.05.002.

3. Marrakchi, H.; Lanéelle, M.-A.; Daffé, M. Mycolic Acids: Structures, Biosynthesis, and
Beyond. Chem.Biol., 2014, 21, 67 — 85.


http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=53&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=53&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=53&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=53&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verschoor%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22659327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baird%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22659327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grooten%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22659327
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pubmed/22659327
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no

27

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nataraj, V.; Varela, C.; Javid, A.; Singh, A.; Besra, G. S.; Bhatt, A. Mycolic acids:
deciphering and targeting the Achilles' heel of the tubercle bacillus. Mol. Microbiol., 2015,
98, 7-16. doi: 10.1111/mmi.13101.

Bhatt, A.; Molle, V.; Besra, G. S.; Jacobs, W. R.; Kremer, L. The Mycobacterium
tuberculosis FAS-11 condensing enzymes: their role in mycolic acid biosynthesis, acid-
fastness, pathogenesis and in future drug development. Mol. Microbiology, 2007, 64, 1442
— 1454, d0i:10.1111/j.1365-2958.2007.05761.x

Daffé, M.; Quémard, A.; Marrakchi, H. Mycolic Acids: From Chemistry to Biology, 181 —
216, in Biogenesis of Fatty Acids, Lipids and Membranes, Ed. Geiger, O., Springer, 2017.
Watanabe, M.; Aoyagi, Y.; Ridell, M.; Minnikin, D. E. Separation and characterization of
individual mycolic acids in representative mycobacteria. Microbiology, 2001, 147, 1825 —
1837.

Watanabe, M.; Aoyagi, Y.; Mitome, H.; Fujita, T.; Naoki, H.; Ridell, M.; Minnikin, D. E.
Location of functional groups in mycobacterial meromycolate chains; the recognition of
new structural principles in mycolic acids. Microbiology, 2002, 148, 1881 — 1902.

Favrot, L.; Ronning. D. R. Targeting the mycobacterial envelope for tuberculosis drug
development. Expert Rev. Anti Infect. Ther., 2012, 10, 1023-1036. doi: 10.1586/eri.12.91
Etémadi, A. H.; Okuda. R.; Lederer, E. Sur la structure de I’acide alpha-smegma-mycolique.
Bull. Soc. Chim. Fr., 1964, 868.

Krembel, J.; Etémadi, A. H. Sur la structure d'un nouveau type: D'Acides mycoliques de
mycobacterium smegmatis Tetrahedron, 1966, 22, 1113 — 1119.

Etémadi, A. H. The mycolic acids: structure, biogenesis and phylogenetic interest.
Expose annuels de biochimie medicale, 1967, 28, 77 — 1009.

Etémadi, A. H. Structural and biogenetic correlations of mycolic acids in relation to
the phylogenesis of various genera of Actinomycetales. Bull. Soc. Chim. Biol., 1967,
695 — 706.

Etémadi, A. H.; Pinte, F.; Markovits, J. Nouvelle analyse des acid a-mycoliques de
Mycobacterium smegmatis. Bull. Soc. Chim. Fr., 1967, 195 — 199.

Wong, M. Y. H.; Steck, P. A.; Gray, G. R. Major mycolic acids of mycobacterium-
smegmatis - characterization of their homologous series. J. Biol. Chem., 1979, 254, 5734 —
5740.

Wong, M. Y. H.; Gray, G. R. Structures of the homologous series of monoalkene mycolic
acids from mycobacterium-smegmatis. J. Biol. Chem., 1979, 254, 5741 — 5744.

Gray, G. R.; Wong, M. Y. H.; Danielson, S.J. The major mycolic acids of mycobacterium-
smegmatis. Prog. Lip. Res., 1983, 21, 91 — 107.

Gruber, P. R.; Gray, G. R. Isolation and analysis by the reductive-cleavage method of
linkage positions and ring forms in the mycobacterium-smegmatis cell-wall
arabinogalactan. Carbohydrate Res., 1990, 203, 79 — 90.

Nguyen, L.; Chinnapapagari, S.; Thompson, C. J. FbpA-dependent biosynthesis of
trehalose dimycolate is required for the intrinsic multidrug resistance, cell wall structure,
and colonial morphology of Mycobacterium smegmatis. J. Bacteriol., 2005, 187, 6603 —
6611.

Brunetau, M.; Michel, G. Structure d'un dimycolate d'arabinose isole de Mycobacterium
marianum. Chem. Phys. Lipids, 1968, 2, 229 — 239.

Daffé, M.; Lanéelle, M. A.; Lacave, C. Structure and stereochemistry of mycolic acids of
Mycobacterium marinum and Mycobacterium ulcerans. Res. Microbiol., 1991, 142, 397 —
403.

Mederos, L. M.; Montoro, E. H.; Bernabeu, A.; Linares, C.; Valero-Guillén, P. L. Structural
studies of cord factors from Mycobacterium simiae related to the capacity for tumour
necrosis factor alpha (alpha-TNF) induction. Microbiology, 2010, 156, 3744 — 3753.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Nataraj%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26135034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varela%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26135034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Javid%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26135034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26135034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besra%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=26135034
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=12&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=12&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=12&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4949712/
https://dx.doi.org/10.1111%2Fmmi.13101
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1111%2Fj.1365-2958.2007.05761.x
https://link.springer.com/referenceworkentry/10.1007/978-3-319-50430-8_18
https://link.springer.com/referencework/10.1007/978-3-319-43676-0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Favrot%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23106277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ronning%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=23106277
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=30&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=30&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=30&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=30&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23106277
https://dx.doi.org/10.1586%2Feri.12.91
https://www.sciencedirect.com/science/article/pii/004040206680087X
https://www.sciencedirect.com/science/article/pii/004040206680087X
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=WONG%20MYH&ut=A1979HE14300032&pos=1
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=STECK%20PA&ut=A1979HE14300032&pos=2
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=GRAY%20GR&ut=A1979HE14300032&pos=3
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=WONG%20MYH&ut=A1983RU59000004&pos=2
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=GRAY%20GR&ut=A1983RU59000004&pos=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=35&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=GRAY%20GR&ut=A1983RU59000004&pos=1&cacheurlFromRightClick=no
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=WONG%20MYH&ut=A1983RU59000004&pos=2
http://0-apps.isiknowledge.com.unicat.bangor.ac.uk/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=N169F7B68oP@jGc14cF&name=DANIELSON%20SJ&ut=A1983RU59000004&pos=3
http://0-apps.webofknowledge.com.unicat.bangor.ac.uk/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=W1lJP1GLNcusoHz6Nvb&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=49&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=49&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=49&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=49&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
https://www.sciencedirect.com/science/article/pii/0009308468900017
https://www.sciencedirect.com/science/article/pii/0009308468900017

28

23.

24.

25.

26.

217.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Laval, F.; Lanéelle, M-A.; Deon, C.; Monsrrat,. B.; Daffé, M. Accurate molecular mass
determination of mycolic acids by MALDI-TOF mass spectrometry._Anal. Chem., 2001,
73, 4537 — 4544.

Goodfellow, M.; Minnikin, D. E. Identification of mycobacterium-chelonei by thin-layer
chromatographic analysis of whole-organism methanolysates. Tubercle, 1981, 62, 285 —
287.

Minnikin, D. E.; Minnikin, S. M.; Goodfellow, M.; Stanford, J. L. The mycolic acids of
mycobacterium-chelonei. J. Gen. Microbiol., 1982, 128, 817 — 822.

Lamonica, G.; Etémadi, A. H. Compt. Rend., 1967, 264C, 1711 — 1714,

Markovits, J.; Pinte, F.; Etémadi, J. Compt. Rend. Hebd. Acad.Sci. Ser. C, 1966, 960 - 962.
Kusamran, K; Polgar, N; Minnikin, D. E. Mycolic acid of mycobacterium phlei. J. Chem.
Soc. Chem. Commun., 1972, 111 - 112.

Lanéelle, M-A.; Lacave, C.; Daffé, M.; Lanéelle, G. Mycolic acids of Mycobacterium
aurum. Structure and biogenetic implications. Eur. J. Biochem., 1988, 177, 631 — 635.
Luquin, M.; Ausina, V.; Vincent-levy-frebault, V.; Lanéelle, M. A.; Belda, F.; Garcia-
barcelo, M.; Prats,' G.; Daffé, M. Mycobacterium brumae sp. nov., a Rapidly Growing,
Nonphotochromogenic Mycobacterium Int. J. Syst. Bacteriol., 1993, 43, 405-413
Alshamaony, L.; Goodfellow, M.; Minnikin, D. E. Free mycolic acids as criteria in
classification of nocardia and rhodochrous complex. J. Gen. Microbiol., 1976, 92, 188 —
199.

Ueda, S.; Fujiwara, N.; Naka, T.; Sakaguchi, I.; Ozeki, Y.; Yano, |.; Kasama,T.; Kobayashi,
K. Structure-activity relationship of mycoloyl glycolipids derived from Rhodococcus sp.
4306._Microbial Pathogenesis, 2001, 30, 91 — 99.

Hsu, F-F.; Wohlmann, J.; Turk, J.; Haas, A. Structural Definition of Trehalose 6-
Monomycolates and Trehalose 6,6 -Dimycolates from the Pathogen Rhodococcus equi
by Multiple-Stage Linear lon-Trap Mass Spectrometry with Electrospray lonization. J.
Am. Soc. Mass Spectrom., 2011, 22, 2160 — 2170.

Nishiuchi, Y.; Baba, T.; Yano, |. Mycolic acids from Rhodococcus, Gordonia, and Dietzia.
J. Microbiol. Methods., 2000, 40 (1): 1-9. doi:10.1016/S0167-7012(99)00116-5.

Luquin, M.; Roussel, J.; Lopez-Calahorra, F.; Lanéelle, G.; Ausina, V.; Lanéelle, M. A. A
novel mycolic acid in a mycobacterium sp from the environment. Eur. J. Biochem., 1990,
192, 753 — 759.

Ausina, V.; Luquin, L. M.; Garcia Barcelo, M.; Lanéelle, M. A.; Levy-Frebault, V,; Belda, F.;
Prats, L. G. Mycobacterium-alvei sp-nov. Int. J. Syst. Bacteriol., 1992, 42, 529-535.
Luquin, M.; Lanéelle, M. A.; Ausina, V.; Garcia Barceld, M.; Belda, F.; Alonso, C.; Prats, G.
Distribution of a novel mycolic acid in species of the genus mycobacterium. Int. J. Syst.
Bacteriol., 1991, 41(3): 390 - 4. doi: 10.1099/00207713-41-3-390.

Linares, C.; Bernabéu, A.; Luquin, M.; Valero-Guillén., P. L._Cord factors from atypical
mycobacteria (Mycobacterium alvei, Mycobacterium brumae) stimulate the secretion of
some pro-inflammatory cytokines of relevance in tuberculosis. Microbiology., 2012, 158,
2878-2885. doi: 10.1099/mic.0.060681-0.

Valero-Guillén, P. L.; Fernandez-Natal, |.; Marrodan-Ciordia, T.; Soriano, F.; Tauch, A.
Ether-linked lipids of Dermabacter hominis, a human skin actinobacterium. Chem. Phys.
Lipids. 2016, 196, 24 — 32.

Lee, C-H.; You, H-L.; Wang, J-W. Prosthetic Joint Infection Caused by Mycobacterium
alvei in an Elderly Patient. J. Clin. Microbiol., 2011, 49, 3096 — 3098.

Esteban, J.; Martin-de-Hijas, N. Z.; Fernandez, A. |.; Fernandez-Roblas, R.; Gadea, I.
Epidemiology of infections due to nonpigmented rapidly growing mycobacteria
diagnosed in an urban area. Eur. J. Clin. Microbiol. Infect. Dis. 2008, 27, 951-7. doi:
10.1007/s10096-008-0521- 7.

Skoric, M.; Mrlik, V.; Svobodova, J.; Beran, V.; Slany, M.; Fictum, P.; Pokorny, J.; Pavlik, I.
Infection in a female Komodo dragon (Varanus komodoensis) caused by Mycobacterium
intracellulare: a case report. Veterinarni Medicina, 2012, 57, 163 — 168.


http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=60&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=60&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=60&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=60&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=3&cacheurlFromRightClick=no
http://0-apps.webofknowledge.com.unicat.bangor.ac.uk/full_record.do?product=UA&search_mode=GeneralSearch&qid=6&SID=W1lJP1GLNcusoHz6Nvb&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=3858295
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=619035
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=96581
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=29&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=29&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=29&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=26&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=26&SID=C4werOkOI6PkB4S3e7f&page=1&doc=1&cacheurlFromRightClick=no
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2FS0167-7012%2899%2900116-5
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=18&SID=C4werOkOI6PkB4S3e7f&page=1&doc=3&cacheurlFromRightClick=no
https://pubmed.ncbi.nlm.nih.gov/?term=Luqu%C3%ADn+M&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Lan%C3%A9elle+MA&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Ausina+V&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia+Barcel%C3%B3+M&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Belda+F&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Alonso+C&cauthor_id=1883713
https://pubmed.ncbi.nlm.nih.gov/?term=Prats+G&cauthor_id=1883713
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=E15eIUDCAtgFuzAj7lE&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=E15eIUDCAtgFuzAj7lE&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=E15eIUDCAtgFuzAj7lE&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=E15eIUDCAtgFuzAj7lE&page=1&doc=2&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linares%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22977091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernab%C3%A9u%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22977091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luquin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22977091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Valero-Guill%C3%A9n%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=22977091
https://www.ncbi.nlm.nih.gov/pubmed/22977091
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=C4werOkOI6PkB4S3e7f&page=3&doc=29&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=11&SID=C4werOkOI6PkB4S3e7f&page=3&doc=29&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=404642
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=1047447
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=28167668
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=C4werOkOI6PkB4S3e7f&page=1&doc=10&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=C4werOkOI6PkB4S3e7f&page=1&doc=10&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=C4werOkOI6PkB4S3e7f&page=1&doc=10&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esteban%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18458972
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADn-de-Hijas%20NZ%5BAuthor%5D&cauthor=true&cauthor_uid=18458972
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=18458972
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez-Roblas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18458972
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gadea%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18458972
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=123&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=123&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=7
https://www.ncbi.nlm.nih.gov/pubmed/18458972
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=28127874
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=1648931
http://apps.webofknowledge.com/OutboundService.do?SID=E5fyhyY2cwaZqhGwdVh&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=30066317
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=111&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=111&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=111&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Veterin%c3%a1rn%c3%ad+Medic%c3%adna%22

29

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

Beccati, M.; Peano, A.; Gallo, M. G. Pyogranulomatous panniculitis caused by
Mycobacterium alvei in a cat. J. Small Animal Practice, 2007, 48, 664 — 664.
https://doi.org/10.1111/j.1748-5827.2007.00502.x

Lopez-Marin, L. M.; Quémard, A.; Lanéelle G.; Lacave, C. Ethylenic mycolic acid
biosynthesis - extension of the biosynthetic model using cell-free-extracts of
mycobacterium-aurum and mycobacterium-smegmatis. Biochim. Biophys. Acta, 1991, 15,
22 - 28.

Minnikin, D. E.; Minnikin, S. M.; Hutchinson, I. G.; Goodfellow, M; Grange, J M.. Mycolic
acid patterns of representative strains of mycobacterium-fortuitum, mycobacterium-
peregrinum and mycobacterium-smegmatis.J. Gen. Microbiol., 1984, 130, 363 — 367.
Lacave, C.; Lanéelle, M-A.; Daffé, M.; Montrozier, H.; Rols, M-P.; Asselineau, C. Structural
and metabolic studies of the mycolic acids of mycobacterium-fortuitum. Eur. J. Biochem.,
1987, 163, 369 — 378.

Quémard, A.; Lanéelle, M-A.; Marrakchi, H.; Prome, D.; Dubnau, E.; Daffé, M. Structure of
a hydroxymyecolic acid potentially involved in the synthesis of oxygenated mycolic acids
of the Mycobacterium tuberculosis complex. Eur. J. Biochem., 1997, 250, 758 — 763.

Ali, H. M.; Koza, G.; Hameed, R. T.; Rowles, R.; Davies, C.; Al Dulayymi, J. R.; Gwenin, C.
D.; Baird, M S. The synthesis of single enantiomers of trans-alkene containing mycolic
acids and related sugar esters. Tetrahedron, 2016, 72, 7143-7158.

Muzael, M,; Koza, G.; Al Dulayymi, J. R.; Baird, M. S. The synthesis of a major alpha '-
mycolic acid of Mycobacterium smegmatis. Chem. Phys. Lipids, 2010, 163, 678 — 684.

Al Dulayymi, J. R.; Baird, M. S.; Maza-Iglesias, M.; Vander Beken, S.; Grooten, J. The first

unique synthetic mycobacterial cord factors. Tetrahedron Lett., 2009, 50, 3702 — 3705.

Al Dulayymi, J. R.; Baird, M. S.; Maza-Iglesias, M.; Hameed, R. T.; Baols, K. S.; Muzael,
M.; Saleh, A. D. Synthetic trehalose di- and mono-esters of alpha-, methoxy- and keto-
mycolic acids. Tetrahedron, 2014, 70, 9836 — 9852.

Crombie, L.; Denman, R. Insecticidal amides - synthesis of natural 2(e),4(e),10(e)-
pipercide, its 2(e), 4(e), 10(z)-stereomer, and related isobutylamides. Tetrahedron Lett.,
1984, 25, 4267 — 4270.

Al Dulayymi, J. R.; Baird, M. S.; Roberts, E.; Deysel, M.; Verschoor, J. The first syntheses
of single enantiomers of the major methoxymycolic acid of Mycobacterium tuberculosis.
Tetrahedron, 2007, 63, 2571-2592.

Sonnenberger, S.; Lange, S.; Langner, A.; Neubert, R. H. H.; Dobner, B. Synthesis of
ceramides NS and NP with perdeuterated and specifically omega deuterated N-acyl
residues. J. Label. Compd. Radiopharm., 2016, 59, 531 - 542.

Sahb, M. M.; Al Dulayymi, J.R.; Baird, M. S. Glucose monomycolates based on single
synthetic mycolic acids. Chem. Phys. Lipids.,, 2015, 190, 9 - 14. doi:
10.1016/j.chemphyslip.2015.06.005.

Mohammed, M. O.; Baird, M. S.; Al Dulayymi, J. R. Mycolyl arabino glycerols from
synthetic mycolic acids.Tetrahedron Lett., 2015, 56, 3268 — 3272.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Beccati%2C+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Peano%2C+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gallo%2C+M+G
https://doi.org/10.1111/j.1748-5827.2007.00502.x
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=103&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=103&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=103&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=103&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=96581
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=2781861
http://apps.webofknowledge.com/OutboundService.do?SID=E1dhj3r8DdXvZRnhWOJ&mode=rrcAuthorRecordService&action=go&product=WOS&daisIds=2467142
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=98&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=98&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=98&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=98&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=95&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=95&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=95&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=92&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=92&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=92&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=92&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/article/abs/pii/S0040402016308845#!
https://www.sciencedirect.com/science/journal/00404020
https://www.sciencedirect.com/science/journal/00404020/72/45
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=86&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=86&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=86&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://0-www.sciencedirect.com.unicat.bangor.ac.uk/science/article/pii/S0040403909007795
http://0-www.sciencedirect.com.unicat.bangor.ac.uk/science/article/pii/S0040403909007795
http://0-www.sciencedirect.com.unicat.bangor.ac.uk/science/article/pii/S0040403909007795
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=83&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=83&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=83&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=83&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=6603436047&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=7201685807&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=55400220500&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=56430710000&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=56431089700&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=56431196100&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=56431196100&amp;eid=2-s2.0-84912572114
http://www.scopus.com.scopeesprx.elsevier.com/authid/detail.url?authorId=55453943600&amp;eid=2-s2.0-84912572114
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=80&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=80&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://www.scopus.com.scopeesprx.elsevier.com/source/sourceInfo.url?sourceId=26512&origin=recordpage
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=77&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=77&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=77&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=74&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=74&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=74&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=4&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=71&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=71&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=71&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=71&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
https://pubmed.ncbi.nlm.nih.gov/?term=Sahb+MM&cauthor_id=26143625
https://pubmed.ncbi.nlm.nih.gov/?term=Al+Dulayymi+JR&cauthor_id=26143625
https://pubmed.ncbi.nlm.nih.gov/?term=Baird+MS&cauthor_id=26143625
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=67&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=67&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=67&SID=F2PRyVIxm8qb1z8axt6&page=1&doc=1&cacheurlFromRightClick=no

