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1. Introduction

The mycobacterial cell wall has a complex structuele up of
lipids, glycolipids, polysaccharides and protéifidiere are four
major components: peptidoglycan (PG), mycolyl-aragaiactan
(MAG), lipoarabinomannan (LAM) and extractable lipfdBhe
mycolyl-arabinogalactan (mAG) complexs the largest
component structure and acts as a permeabilityiehathat
prevents passage of antibiotics. It forms from sré®nding
between bothD-arabinofuranosyl (Afd and-galactofuranosyl
(Galf ) with a long chain (C70-C90)qa-alkyl branchedp-
hydroxylated fatty acid, ‘mycolic acid’; carbohytea(Ard) and
(Gaff) are bound to peptidoglycan in the cell wall by &h-
rhamnopyranosyl-(4>3)-2-acetamido-2-deoxy-D-gluco-
pyranosyl phosphate disaccharide. The galactanigphlnear and
composed of alternating-(1—5) and B-(1—6) galactofuran
residues. Galactan and arabinan are bonded fronmoCtse -
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of various mycobacteria under acidic conditions vegorted"*

2 'More recently, mass spectrometry and NMR have pemli
powerful tools for the analysis of such molecifeazuma and
Yamamura in 1962 isolated arabinomycolate @&samabinose-5-
mycolate and proved it was toxic to micelnflammatory
reactions similar to that observed after inocutatid live BCG

were induced in the lungs by trehalose monomycokatd

dimycolate (TMM and TDM) or glucose monomycolate (&M
isolated from BCG. However, the toxic reactions caubgd
glycerol monomycolate (GroMM) and arabinose mono-oigte

were characterized by an acute inflammatory protess.

In 2006, the preparation of a tetramycolyl penthigi@se using a
complex natural mixture of MAs was descri@tHowever, only
in 2010 were structural studies of the compositidn thee

arabinose mycolates of the cell wallMf bovis reported. A two-
layer acid hydrolysis gave a number of fractionse @i these

(1-6) link.*® Both galactosyl and arabinosyl units in MAG arewas a penta-arabinose tetramycolate, one was annasabi

in a furanose form, less stable thermodynamicalfignt the
pyranose forni.It is believed that this plays a large role irsiag
the flexibility of the polysaccharide and makinge timycolic
acids (MAs) pack strongly by van de Waals interactibhereby,
the structure of the cell wall has extremely low peafility and
this provides the organism with high protection frdnugs and

mono-mycolate, while the others were hexa-arabinbsgta-
arabinose and octa-arabinose tetramycolates. Ttelimyacid
methyl esters released from each of these showedass m
spectrometric pattern almost identical to the miethgters
obtained by hydrolysis of the original cell wall. Araparison of
the penta-arabinose tetramycolate and arabinosemgamolate

from its environment. Therefore, studying and understanding with samples prepared by combining a mixture of ratMAs

mAG biosynthesis is an important strategy for depigig new
anti-tuberculosis drugs. Indeed, isoniazid andrath#ol, two of
the standard antibiotics, target mAG biosynthesibambutol
inhibits  arabinosyltransferases which contribute the
biosynthesis of the arabinan part of the polysagdasa while
isoniazid inhibits mycolic acid biosynthe$is.

It is approaching a century since Anderson begangtasind
breaking studies of the lipid components of mycddaa,

leading eventually to the characterization of MAfieSe were
shown to be high-molecular weight hydroxy acids, wéth
experimental formula of §H,7,0, or GggH1760, which were very
hard to purify and not possible to crystalliZ8The long alkyl
branch on thex-position and hydroxyl groups ifi-position in
MAs was proved by Asselineau in 1950In brief, MAs can
defined as a complex group of long chain fattglkyl p-alkyl

hydroxyl fatty acidsEigure 1)."**

[X] = Distal position
OH| [Y] = Proximal position

Ix] vl
cHir NeHar O eHa)

(CH2)4CH3

Meromycolate Mycolte motif

Figure 1: Generalised mycolic acid structure

The proximal group Y is generallycis- alkene or cyclopropane,
or a trans-alkene or cyclopropane with a further methyl
substituent on the adjacent carbon distal fromhtygroxyl acid.
The distal group X is normally és-cyclopropane -MAs), a —
(CHMeCHOMe)- (methoxy MAs) or a -(CHMeCO)- fragment
(keto MAs). Mixtures extracted from mycobacteriamgise
many individual MA containing a range of functiorgabups X
and Y (Figure 1) and but each also of several cleaigths'*

Anderson & Geiger in 1937 claimed the first extractiof
arabino-mycolate from the cell wall d¥lycobacterium bovis
using natural organic solveht. Some fifty years ago, the
isolation of arabinose 5-mycolate by extractiortted cell walls

with arabinose was reportéd.Ishiwata et al reported the
synthesis of a series of mono-, di- and tetra-a@hycolates
found in the terminal position of cell wall skeletof bacillus
Calmette Guerin fronM. bovis, by using natural mycolic acid
mixtures extracted from the cell wall. They provkd biological
activity for synthesized compounds in a tumor nsisrdactor
alpha (TNFe) secretion-inducing assay; all the compounds
showed strong TNk- inducing activity in vitro.® The
mechanism of the activity of arabino-mycolate ist wtear?
Synthetic arabino-mycolates induce the productib dF-o. in
murine macrophage cell lines at an intensity simita BCG-
CWS (cell wall skeleton). However the immunologicatiaty

of natural arabino-mycolates isolated from BCG has lmeen
investigated, probably due to the complexity of thelecule.
Arabino-mycolates obtained by acid hydrolysis fronWg€
(SMP-105) ofM. bovis BCG Tokyo 172 strain consisted mainly
of mono-arabinose mono-mycolate, pentaarabinosea-tet
mycolate and hexa-arabinose tetramycolate fractidmabino-
mycolates significantly induced TNdproduction and enhanced
delayed type hypersensitivity (DTH) reactions againactivated
tumour cells. Arabino-mycolates-induced TNFproduction was
completely dependent on TLR2 and MyD88 pathways. Thus
isolated natural arabino-mycolates possess poteljuvant
immunostimulatory activity’

Intra-tumor injections of extracts of Re mutaBalmonella
typhimurium in combination with TDM or arabinose mycolate
were highly effective in producing regression of armin guinea
pigs. Similar extracts frorM. bovis strain BCG and strain AN5
in combination with TDM also possessed tumor-regvessi
activity. The activity was reduced when the arabénos/colate
was substituted for the TDM. An extract Gbxiella burnetii, in
combination with either TDM or arabinose mycolate vedso
active. Intracutaneous administration of Re glymidlior aqueous
extracts from BCG in combination with trehalose oabdmose
mycolates did not produce life-threatening, clihicigns of
toxicity in young mice. If additional toxicity sties demonstrate
that adverse side effects can be satisfactorilyrobed, these
water soluble extracts may prove beneficial in tleatment of
spontaneous tumors of humans and other anitfidlsThe
adjuvant activity of cell wall skeletons (mycolici@&@rabino-
galactan-mucopeptide) prepared from the cells ofahgcteria,



nocardia and corynebacteria was examined in vivmice and
guinea pigs. The cell wall skeletons 6. bovis BCG (BCG-
CWS), Nocardia asteroides 131 and Corynebacterium

3
activating the sugar as a tosylate raised the yield79%.
Therefore, the hydroxyl group in the compouhdas tosylated
by reaction with poluenesulfonyl chloride in dry pyridine and

diphtheriae PWC suspended in Freund's incomplete adjuvantatalytic 4-dimethylaminopyridine (DMAP) in dry GEl, at 0

(FIA) as water-in-oil emulsions showed potent adjuvaattvity

on the formation of circulating antibody and cekdated
immunity to bovine serum albumin (BSA), sheep emytlytes
(SRBC) and sulfanylazo-bovine serum albumin (SA-BSA)
mice and guinea pigs. After acetylation or acidttremt, BCG-
CWS retained its adjuvant activity, but the acgivaf BCG-CWS
was destroyed completely by alkaline treatment. Tékk wall

constituents, arabinose-mycolate and arabino-galagirepared
from BCG-CWS showed no adjuvant activity

°C to afford the tosylatb. Surprisingly, esters of arabinose with
simple fatty acids do not appear to have been tegoin a
model experiment, compoundl was therefore first condensed
with behenic acid using DMAP and N,N-dicyclohexylcarbod
imide in dry CHCI, to give compounda in 80% yield® This
was then hydrogenolysed in the presence of Pd{@ht) under a
hydrogen atmosphere to give the behenyl arabinBse
Compounds was also reactedith palmitic acid by an alkylative
esterification using cesium hydrogen carbonateyrDMF: THF

Few studieof arabinose mycolates have been carried out andt 70°C,” to give compoundb; this was then debenzylated to

little is known of the effect of structure on the
immunostimulatory activity of arabino-mycolates éativating
macrophage®.However, D-arabinose-5-mycolate, purified from
bound lipids of the cell-wall skeleton ™. bovis BCG may be
prominent structure for recognition by host immuyrit

However, it is now clearly established that, in tlasec of free
MAs, the detailed structure controls their effects arange of
cytokines and chemokines and that some lead tanmfiatory
reactions on intratracheal instillation in mice, lelothers lead to
the formation of foam celi¥. We now report the synthesis of a
set of arabinose esters of stereochemically defisguthetic
MAs, as well as those of some simple fatty acids.

2a Results and discussion: synthesis of arabinose oojates

According to literature procedures;(-)-arabinosel was treated
with HCI (0.22 M) freshly prepared by addition of gd¢ehloride
to anhydrous methanol at 0 °C working up with pyedmther
than ammonium carbonate,to give methyle,p-D-arabino
furanoside with predominant formation of ts@nomer ¢-D/B-D
3:2)%%*n order to isolate these two anomeérssitu tritylation
of this mixture followed by column chromatography avg
methyl 5O-trityl o-D-Araf 2 (45%) and 5o-trityl B-D-Araf 3

give the compoundb. In the same way, compoursl was
reacted with oleic acid to give the compoufwl hydrogenolysis

in the presence of Pd(OHunder a hydrogen atmosphere gave
the corresponding stearyl arabinose, in which thebtio bond
was also saturated. However, deprotection with boiohlaride

in dichloromethane and methanol gave the oleoyldtve 8c.

A series of synthetic MAs was then reacted with thepmmd5

by alkylative esterification using cesium hydrogearbonate as
in Scheme 2Firstly, the methoxgis-cyclopropane mycolic acid
6d*" gave compound’d, which was then debenzylated using
hydrogen and Pd(Okl)katalyst to give the arabinose esBel.
This was achieved with no loss of the cyclopropam&mgyron the
basis of the proton and carbon NMR spectra. Althotlgh
absolute stereochemistry of tloes-cyclopropane unit in MAs
remains unproven, this compound contains the sthssistry
that appears likely, based on a common intermedigging to
the different classes of mycolic acftiThe 22 carbon length of
the a-chain is typical of mycobacteria such kycobacterium
kansasii.* Condensation of methoxys-cyclopropane mycolic
acid6e® having a twenty two carbon chain in #osition, and
the opposite absoluteis-cyclopropane stereochemistry, one
stereoisomer of which is presenthh kansasii, led to compound
7e. On hydrogenolysis as above, this gave comp@edn the
same way, esterification of methogis-cyclopropane mycolic

(30%). Compoun@ was benzylated to protect the two secondaryacid 6f,*° with a twenty four carbon chain at theposition, a

hydroxyl groups by using benzyl bromide and sodhydride in
dry DMF then the trityl group was removed from themary
hydroxyl group by hydrolysis in 80% AcOH, affording
compound4 (Scheme 1§>*

HO TrO TrO OMe
o} i o o}
HO  OH — > HO + HO
ii
OMe
HO 1 HO HO 3

l iii
o}

HO TsO
o}
BnO iv BnO
—_—
OMe OMe

BnO 4 BnO 5

Scheme 1Reagents and conditions: (i) HCI, @H; (i) Trityl chloride,
DMAP, pyridine, 0 °C/R.T., then 70 °C 4 h, 45% framanomer; (iii) a:
NaH, BnBr, DMF, 0 °C/R.T. 2 h, b: 80% AcOH5 °C for 4 h, 78%(iv) 4-
toluenesulfonyl chloride, DMAP, pyridine, 90%.

According to the literatur&, direct esterification between the
primary hydroxyl group of Arfaand a carboxyl group in natural
mycolic acid mixtures was achieved in a low yield¥30while

stereoisomer of which is a major componentvbftuberculosis
methoxy-MA>*® but the opposite cyclopropane stereochemistry
to 6d gave compound/f, which on hydrogenolysis led to
compoundsf.

The same procedure was repeated to prepare then@rabier
compounds for the ketris-cyclopropane mycolic acifig,®’ with

a G, alkyl chain in then-position; this was used as the epimeric
mixture at the carbon adjacent to the ketone. Tneuced
compound?7g which on debenzylation gave the arabinose ester
89. Ester8g’, with the normal &; M. tuberculosis a-chain length,
was also obtained frolg’.*! In the same way the arabinose ester
8h, from the ketotrans-cyclopropane mycolic aciéh,** again
epimeric adjacent to the ketone, was obtained mdggeld.
Finally, the a-mycolic acid 6i,"*** was esterified to give
compound?i and then debenzylation to gi8e

The yields for each of these coupling steps andadegtions are
given inTable 1 All the products were characterized by accurate
mass MALDI-MS, proton and carbon NMR and the speat&a
presented as Supplementary Information.
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)‘]\ R 7 (%) 8 (%)
o . o a 80 81
0] 0}
BnO RCOOH (6) BnO b 76 88
OMe oM c 83 64
BnO BnO 7
5 l Pd(OH), d 77 79
H,
)7\ e 75 65
X o . f 80 76
HO 8 g 80 63
OMe [
. g 71 66
h 92 80
He, =~ i 87 80
R:= CHs(CHy)2o @, CHs(CHpus b R= (CHz2r (CHay

Table 1: Yields for arabinose esters

OCHj

CHy(CHy), 5 w, . .
o j)\m " %HZ)/’\/ 2b. Assessment of arabinose mycolates as antigens
R=

CHanCHs It is known that both trehalose esters of natural Vel the free
e acids themselves are antigenic to antibodies insi@m of

’ A patients infected with tuberculosis (TB)'°As an initial study of

CHACH )Wj/km CHm/'\/ the biological properties of the unique arabinosgcotates
prepared in this work, their antigenicity to 64 sergamples

(CH2)21CHs e

taken from a Gambian population was determined using

ocH, standard enzyme-linked immunosorbent assay (ELISA). The
(H’(CHZ)”\rk /A\ samples, provided by the World Health Organisatiamfrthe
(CHa) CHN TDR TB Specimen BanK, were all from individuals with
%HHaCHg f symptoms of suspected tuberculosis. Nine were dizgh@s

having active TB using a range of clinical and bewical
- é)‘\ A assays; 55 as were diagnosed as not having activeThB
A G (CHZ‘ categorization was carried out using standard WHOopods.
The assay used an IgG(Fc) conjugated secondaryodgtito
detect the disease antibody — antigen interactased on the
resulting absorbance at 492 nm. The results arensuired in
Table 2 This shows the median absorbance for active TBrand
CHA(CHy)5 CHm active TB samples, the area under the curve (AUQ) do
(Crihe CHaICH, Receiver Operating Characteristic (ROC) analysihefdata for
h each antigen, the cut-off response set for a pesigsponse for
each antigen in the assay, and the resulting setsi(% of
,,,” /'\/ active TB diagnosed samples giving a response atimvassay

<H3(CH2)?\° R e Y cut-off) and specificity (% of no active TB samplgs/ing a
CromCHs | response below the cut-off value).

B

(CHz)NCH3 gn—21
g'n=23

B

R=

Schemt 2: Svnthesis of arabinose es



7d Te 7f 79 7h 7i
Median
active TB 0.64 0.40 0.78 0.50 048 1.18
Median no
active TB 0.39 0.33 0.46 0.44 045 0.52
ROC AUC .85 .69 .87 .69 .67 .95
Cut-off for
‘active’ in
assay >.35 >.27 >45 >1.00 >.25 >.7
Active TB
samples above
the cut-off 9 9 9 1 9 9
No active TB
samples above
the cut-off 18 29 20 2 45 11
Sensitivity 100 100 100 100 100 100
Specificity 67 a7 64 20 18 80

5
Silica gel (Merck 7736) and silica gel plates usedcolumn
chromatography and thin layer chromatography wereiodd
from Aldrich; separated components were detected gusin
variously UV light, b and phosphomolybdic acid solution in IMS
followed by charring. Infra-red (IR) spectra weegred out on
a Perkin-Elmer 1600 F.T.I.R. spectrometer as lidiids or KBr
disc (solid). Melting points were measured using deBkamp
melting point apparatus. NMR spectra were carried muta
Bruker AC250 or Advance 400 spectrometetf,[values were
recorded in CHGI on a POLAAR 2001 optical activity
polarimeter. Low resolution mass spectra were recbme a
Bruker matrix-assisted laser desorption/ ionisatiore of flight
mass spectrometry (MALDI-TOF MS) values are givensp
sodium. Accurate mass measurements were carried yotheb
EPSRC UK National Mass Spectrometry Facility at Swansea
University.

3.1: Methyl 5-O-trityl- a-D-Araf 2

Freshly prepared HCI solution in MeOH (resulting framxing
acetyl chloride (2 mL) in MeOH (30 mL) at 0 °C) waglad to a
stirred solution oD-(-)-arabinose (5.0 g, 33 mmol) in anhydrous
MeOH (100 mL). Stirring was continued overnight abmo
temperature, when a clear solution was obtained. mixture
was neutralized by adding pyridine to pH 8, and the solid was
filtered and washed with MeOH (10 mL). The solvent was
evaporated to give a residue which was purified blurao

Table 2. Responses for a set of 64 human serum samples froEﬁromatography eluting with chloroform: acetone J3dbgive a

Gambia (9 diagnosed with active TB, 55 with no acii® to
synthetic arabinose mycolates coated as antigenEldSA
plates, using IgG(Fc) secondary antibody conjugatdetermine
the binding. The closer the ROC AUC is to 1, the higthe
predictive value of the assay.

This shows that the six synthetic arabinose mycelaiee
detected to a different degree by antibodies in ghaum of
patients infected with active tuberculosis; in sopases the
response is essentially no different between acliBeand no
active TB samples, whereas in others, suchi,ahe assay result
correlates well with the clinical diagnosis. The aetiTB status
had been determined using a range of standargsass#ployed
by the WHO, including being smear and culture posjtihe no
active TB samples were all from patients showing softe
symptoms of TB, but diagnosed using the same mstlsdnot
having active TB, and being both smear and culhegative.
Although this is a very small sample set, it is iegting that the
highest distinction between active TB and no acli® sets is
given with the arabinose mycolat@d and 7i which probably
represent the natural stereochemistries of methad a-
mycolates. Work is on-going to validate these tssoih a larger
sample set.

The effects of selected examples of the above stiothrabinose

mono-mycolates on the Mincle receptorNh tuberculosis will
be described elsewhete.

3. Experimental section

Chemicals used were obtained from commercial sugplie
(Sigma, Aldrich, and Alfa Aeser) or prepared fromnthby the
methods described. Solvents which were required tdripee.g.
ether, tetrahydrofuran were dried over sodium wired an
benzophenone under nitrogen, while dichloromethamel a

HMPA were dried over calcium hydride. All reagents and

solvents used were of reagent grade unless otherstéed.
Organic solutions were dried over anhydrous magnesiulfate.

colourless oil, methyksp-D-Araf (4.3 g, 78%). Trityl chloride
(6.42 g, 23.0 mmol) and 4-(dimethylamino)pyridi2e5( g, 21.0
mmol) were added to a stirred solution of meitpD-Araf
(3.12 g, 19.0 mmol) in anhydrous pyridine (60 mljdathe
mixture was stirred at room temperature overnigahtheated on
oil bath at 70 °C for 4 h. The mixture was cooledréom
temperature and poured into ice/water (300 mL). dhganic
phase was separated and the aqueous phase waseelxtréttt
ethyl acetate (3 x 100 mL). The combined organyers were
washed with aq. NaHCOsolution (5%, 100 mL), driednd the
solvent was evaporated. The residue was purified dynm
chromatography eluting started from 10% to 50% hekethyl
acetate gave the title compound as a colorles? @13 g, 45%)
and 5-O-trityl- B-D-Araf 3 (2.3 g, 30%). The mixture of anomers
showeddy (400 MHz, CDCY)), 3¢ (125 MHz, CDC}) and Vyax
identical to the literatur&:®*

3.2: Methyl 2,3-di-O-benzyl-a-D-Araf 4

A solution of2 (3.20 g, 7.88 mmol) in dry DMF (80 mL) was
added dropwise to a stirred suspension of NaH (0.86@)6
wi/w, dispersion in mineral oil, washed with petrol thiegnes) at
room temperature under nitrogen. The mixture waeestifor 30
min. then benzyl bromide (2.5 mL, 3.6 g, 21.0 mmial)dry
DMF (50 mL) was added. The mixture was stirred at room
temperature for 20 h and then quenched by slow iaddif
water (15 mL) and diluted with ether (25 mL). Theanig layer
was separated and the aqueous layer was extracte@tivith (2
x 100 mL). The combined extracts were washed with w&@
mL), brine (50 mL), dried and evaporated under cedu
pressure. Aqueous acetic acid (80%, 30 mL) was adtulede
crude product and the mixture was stirred and heztt@8 °C for
4 h, then diluted with water (20 mL) and ether (20)rahd the
organic layer was separated and the aqueous layracted with
ether (2 x 100 mL). The combined organic layers weashed
with water (50 mL), sat. ag. NaHG@0 mL) and brine (50 mL),
dried and the solvent was evaporated. Column chagregphy
eluting with petrol/ethyl acetate (7:3) gave thkettompound as
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a colorless oil4 (2.12 g, 78%) [MALDI-Found (M+Na&)
367.3; GgH.aNaG;, requires: 367.1],d] 22 +89 (c 0.10, CHG)
[lit? [o] & +83.2 (c 1.14, CHG)], which showedby (400 MHz,
CDCL): 7.40 — 7.28 (10H, m), 4.95 (1H, s), 4.61 (1HJ)d,2.0
Hz), 4.54 (1H, dJ 12 Hz), 4.53 (1H, dJ 12 Hz), 4.50 (1H, dJ
12 Hz), 4.18 — 4.12 (1H, m), 4.02 — 3.96 (2H, m), 383, dd,J
12.1, 2.8 Hz), 3.65 (1H, dd, 12.1, 4.1 Hz), 3.40 (3H, s), 2.93
(1H, br. s);8¢c (101 MHz, CDC)): 137.6, 137.2, 128.4, 128.4,
127.9, 127.8, 127.79, 127.7, 107.3, 87.6, 82.%2,822.3, 71.8,
62.1, 54.8; vpax 3466 br., 3089, 3064, 3031, 2925, 1725, 1605,
1454, 739 cm. All data were identical to the literat i

3.3: Methyl 2,3-di-O-benzyl-5-O-p-toluensulfonyl-a-D-Araf 5

p-Toluenesulfonyl chloride (0.60 g, 3.14 mmol) wasled to a
stirred solution of4 (0.50 g, 1.45 mmol), pyridine (0.96 g,
0.98mL, 12.4 mmol) and DMAP (0.10g, 0.81 mmol) iry d
CH)CIl, (5 mL) at 0 °C. The mixture was stirred at room
temperature for 16 h then diluted with ethyl acetat mL), the
organic layer was separated and the aqueous layerrevas
extracted with ethyl acetate (2 x 100 mL). The comabiorganic
layer were washed with water (50 mL), brine (50 mLjediand
the solvent was evaporated. The residue was pulifyecblumn
chromatography eluting with hexane/ethyl acetatg)(dffording
the title compound as a colorless 5i(0.65 g, 90%),d] 2 +55

(c 0.10, CHG) [lit* [a]Z +57.0 (c 0.40, CHGJ], which

showeddy, (400 MHz, CDC)): 7.77 (2H, d,J 8.2 Hz), 7.41 —
7.25 (12H, m), 4.85 (1H, s), 4.56 — 4.38 (4H, m), 4-22.15
(1H, m), 4.12 (2H, br d] 4.6 Hz), 3.94 (1H, br dl 2.6 Hz), 3.81
(1H, dd,J 5.9, 2.7 Hz), 3.33 (3H, s), 2.42 (3H, 8);(101 MHz,
CDCly): 144.8, 137.3, 137.2, 132.7, 129.7, 128.4, 128279,
127.89, 127.8, 127.79, 107.4, 87.5, 82.8, 79.22,771.9, 68.8,

Tetrahedron

mixture was stirred for 24 h then filtered and thecpitate
washed with CKCl, (10 mL), the filtrate was evaporated and the
residue was purified by column chromatography efutimith
hexane/ethyl acetate (1:1) to afford the title comp as a
colorless oil8a (0.0079 g, 81%) [MALDI-Found (M+N&)
509.5, GgHs/NaG; requires: 509.3], d] 2 +46 (c 0.10, CHG),

which showedby (500 MHz, CDCJ): 4.92 (1H, s), 4.32 — 4.29
(2H, m), 4.22 (1H, dd) 7.1, 3.9 Hz), 4.09 (1H, br. s), 3.90 (1H,
br.s), 3.42 (3H, s), 2.81 — 2.67 (1H, m), 2.51 — 219, m), 2.38

2.32 (2H, m), 1.62 (2H, dd,14.7, 7.3 Hz), 1.35 — 1.20 (36H,
m), 0.89 (3H, tJ 7.0 Hz); 8¢ (101 MHz, CDCJ): 173.5, 108.8,
83.7, 79.8, 78.0, 63.8, 55.0, 34.1, 31.9, 29.76,299.5, 29.4,
29.3, 29.2, 29.0, 24.8, 22.6, 14.1vym: br. 3500, 2917,
2850,1739, 1464, 1100,758 ¢m

3.5: Methyl 2,3-di-O-benzyl-5-O-palmitoyl- a-D-Araf 8b

(a) Cesium hydrogen carbonate (0.19 g, 1.0 mmat) adaled to
a stirred solution 0% (0.1 g, 0.2 mmol) and palmitic acid (0.061
g, 0.237 mmol) in dry DMF:THF (1: 5, 5 mL) at room
temperature and the reaction mixture was stirre€D&@C for two
days. The suspension was diluted with ethyl acefdier(L) and
water (10 mL). The organic layer was separated a@ddjueous
layer was re-extracted with ethyl acetate (2 x 10 .mIhe
combined organic layers were washed with water (15 amd
brine (15 mL), dried, filtered and evaporated teega thick oil
residue. The residue was purified by column chrograghy
eluting with hexane/ethyl acetate (10:1) to gnethyl 2,3-di-O-
benzyl-5-O-palmitoyl-a-D-Araf 7b (0.089 g, 76%}° as a
colorless oil [MALDI-Found (M+Na)+ : 605.1, £Hs/NaOQ;s
requires: 605.3],d] # +37 (c 0.10, CHG), which showed,
(500 MHz, CDC}): 7.39 — 7.28 (10H, m), 4.95 (1H, s), 4.59 (1H,
d,J 12.0 Hz), 4.57 (1H, d] 11.7 Hz), 4.52 (1H, d) 12.0 Hz),
4.49 (1H, dJ 11.8 Hz), 4.29 (1H, dd| 11.3, 2.9 Hz), 4.24 — 4.15

551 21.6vmax 3064, 3032, 2916, 1741, 1454, 1365, 1177, 69§2H, m), 4.01 (1H, ddJ 3.0, 1.2 Hz), 3.84 (1H, dd] 6.2, 2.9

cmi*. All data were identical to the literatife.

3.4: Methyl 5-O-behenoyla-D-Araf 8a

(a) A solution of N,N -dicyclohexylcarbodimide (0.0§90.432
mmol) in dry CHCI, (1 mL) was added dropwise to a stirred
solution of 4 (0.10g, 0.29 mmol), DMAP (0.042 g, 0.343
mmol) and behenic acid (0.10 g, 0.29 mmol) in di,Cl, (1
mL) at 0 °C under nitrogen. The mixture was stifi@d30 min.
then the precipitate of dicyclohexyl urea was fédtk off and
washed with CHKCl, (10 mL), the solvent was evaporated and
the residue was purified by column chromatographytired
with hexane/ethyl acetate (10:1) to affondethyl 2,3-di-O-
benzyl-5-O-behenoyl-a-D-Araf** as a colorless oil7a (0.15 g,
80%) [MALDI-Found (M+Na)+: 689.5, GHsNaQ; requires:
689.4], p] 2 +40 (c 0.10, CHG), which showed &y (500

MHz, CDCL): 7.41 — 7.28 (10H, m), 4.95 (1H, s), 4.59 (1H) d,
12.0 Hz), 4.57 (1H, d] 12 Hz), 4.52 (1H, d] 12 Hz), 4.49 (1H,
d,J 12 Hz), 4.29 (1H, dd] 11.3, 2.8 Hz), 4.24 — 4.15 (2H, m),
4.01 (1H, ddJ 2.9, 1.1 Hz), 3.84 (1H, dd, 6.3, 2.9 Hz), 3.40
(3H, s), 2.33 — 2.26 (2H, m), 1.64 — 1.52 (2H, m)41=31.18
(36H, m), 0.89 (3H, tJ 6.9 Hz);5: (101 MHz, CDC})): 173.6,
137.5, 137.4, 128.45, 128.43, 127.9, 127.8, 10983), 83.4,
79.4, 72.3, 72.0, 63.5, 55.0, 34.1, 31.9, 29.76,229.62, 29.5,
29.3, 29.27, 29.1, 24.8, 22.7, 14. M. 3034, 2915, 2849,
1741, 1471, 1100, 758 ém

(b) Palladium hydroxide on activated charcoal (2B&(OH)-C,
0.0026 g, 0.15 fold by weight) was added to a stig@dtion of
7a (0.010g, 0.01 mmol) in dry CEl,; MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Taetioa

Hz), 3.40 (3H, s), 2.32 — 2.27 (2H, m), 1.64 — 1.54,(@), 1.26
(24H, s), 0.89 (3H, tJ 7.0 Hz); ¢ (101 MHz, CDC)): 173.6,
137.5, 137.3, 128.4, 128.3, 127.9, 127.8, 107.3),883.4, 79.3,
72.3, 72.0, 63.5, 54.9, 34.1, 31.9, 29.7, 29.685,289.4, 29.32,
29.3, 29.1, 24.8, 22.7, 14.1;, 3064, 3032, 2924, 2853, 1740,
1455, 1365, 1107, 735 ¢m

(b) Palladium hydroxide on activated charcoal (2B#OH)-C ,
0.01 g, 0.15 fold by weight ) was added to a stisellition of
7b (0.06 g, 0.10 mmol) in dry Ci&l, : MeOH, (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Taetioa
mixture was stirred for 24 h then filtered and thecipitate was
washed with CKCI, (10 mL), the filtrate was evaporated and the
residue was purified by column chromatography etutmith
hexane/ethyl acetate (1:1) to afford the title commpl as a
colorless oil8b (0.04 g, 88%}" [a]# +1.2 (c 0.10, CHG)

[MALDI-Found (M+Na)": 425.5, G,H,NaQ; requires: 425.2]
which showedy (500 MHz, CDC}): 4.93 (1H, s), 4.33 — 4.30
(2H, m), 4.22 (1H, ddJ 6.9, 3.9 Hz), 4.09 (1H, br. s), 3.91 (1H,
br. s), 3.43 (3H, s), 2.35 (2H, 1,7.6 Hz), 1.67 — 1.60 (2H, m),
1.56 (2H, br. s), 1.36 — 1.21 (24H, m), 0.89 (3H) 6,9 Hz);5c
(101 MHz, CDCJ): 173.5, 108.8, 83.8, 79.8, 78.0, 63.8, 55.1,
34.1, 31.9, 29.6, 29.6, 29.5, 29.4, 29.3, 29.20,294.8, 22.6,
14.1 ;vpay br. 3308, 2916, 2848, 1742, 1472, 1099, 728.cm

3.6: Methyl 5-O-oleoyl-a-D-Araf 8c

(a) Cesium hydrogen carbonate (0.47 g, 2.42 mmad)adaled to

a stirred solution 05 (0.26 g, 0.52 mmol) and oleic acid (0.10 g,
0.35 mmol) in dry DMF:THF (1:5, 2 mL) at room temagire
and the mixture was stirred at 70 °C for two day® Jinspension
was diluted with ethyl acetate (10 mL) and water (10.nThe



organic layer was separated and the aqueous layerrevas
extracted with ethyl acetate (2 x 10 mL). The coratimrganic
layers were washed with water (15 mL) and brine (15.rfhe
organic layer was dried, filtered and evaporategive a thick oil
residue. This was purified by column chromatograghyting
with hexane/ethyl acetate (7:2) to affargthyl 2,3-di-O-benzyl-
5-O-oleoyl-o-D-Araf as a colorless oil7c (0.18 g, 83%)
[MALDI-Found (M+Na) : 631.3, GgHssNaQ; requires : 631.4],
[a] Z +45 (c 0.10, CHG) which showed, (400 MHz, CDC)):

7.39 — 7.28 (10H, m), 5.41 — 5.30 (2H, m), 4.95 (1},4s59
(1H, d,J 12.0 Hz), 4.57 (1H, d] 12 Hz), 4.52 (1H, dJ 12 Hz),
4.49 (1H, dJ 12 Hz), 4.29 (1H, ddJ 11.0, 2.5 Hz), 4.24 — 4.15
(2H, m), 4.0 (1H, br dJ 2.1 Hz), 3.84 (1H, dd] 6.2, 2.8 Hz),
3.40 (3H, s), 2.30 (2H, ] 7.6 Hz), 2.06 — 1.97 (4H, m), 1.64 —
1.54 (4H, m), 1.28 (18H, br m), 0.89 (3H,Jt6.8 Hz);5c (101

7
(a) Cesium- hydrogen carbonate (0.056 g, 0.288 mmol) was
added to a solution & (0.031g, 0.062 mmol) andr)-2-{(R)-1-
hydroxy-18-[(1S,2R)-2-((175,18S)-17-methoxy-18-
methylhexatriacontyl) cyclopropyl]octadecyl}tetrammoic acid
(0.051g, 0.041 mmol) in dry DMF:THF (1:5, 2 mL) at room
temperature and the mixture was stirred at 70 °Civfior days.
Work up as before gaveethyl 2,3-di-O-benzyl-5-O-(2-{(R)-1-
hydroxy-18-[ (1S,2R)-2-[ (17S18S )-17-methoxy-18-
methylhexatriacontyl] cyclopropyl] octadecyl}- tetracosanoate) a-
D- Araf 7d as a thick colorless 0i(0.05 g, 77%), [Found
(M+Na)":1574.4044, GH.sNaQ; requires: 1574.4040]p] 2

+23 (€ 0.10, CHCY); 8 (400 MHz, CDCY): 7.39 — 7.28 (10H,
m), 4.92 (1H, s), 4.58 (1H, d,12.0 Hz), 4.56 (1H, dJ 12 Hz),
451 (1H, dJ 12 Hz), 4.48 (1H, d) 12 Hz), 4.33 — 4.27 (2H, m),
4.25 — 4.19 (1H, m), 3.99 (1H, br 2.0 Hz), 3.84 (1H, ddJ

MHz, CDCk): 173.6, 137.5, 137.4, 130.0, 129.7, 128.5, 128.46.4, 2.6 Hz), 3.67 — 3.59 (1H, m), 3.37 (3H, s), A9, s), 2.99

127.9, 107.3, 87.9, 83.3, 79.3, 72.3, 72.0, 6385),534.0, 31.9,
29.7, 29.6, 29.5, 29.3, 29.17, 29.11, 29.1, 272232, 24.8, 22.6,
141 ;vmax 3005, 3089, 3031, 2926, 2855, 1740, 1454, 1088, 7
cm

- 2.94 (1H, m), 2.52 (1H, d 8.3 Hz), 2.43 (1H, dt) 9.4, 5.4
Hz), 1.72 — 1.61 (2H, m), 1.59 — 1.03 (141H, m), Q@4 t, J
6.8 Hz), 0.86 (3H, dJ 6.9 Hz), 0.70 — 0.61 (2H, m), 0.60 — 0.53
(1H, dt,J 4, 8 Hz), =0.33 (1H, br. 4 5.1 Hz); 8¢ (101 MHz,

(b) Boron trichloridé® (0.32 mL, 1M) was added to a stirred CDCl): 175.0, 128.5, 128.4, 127.9, 127.8, 107.2, 8334,

solution of compound7c) (0.02 g, 0.03 mmol) in dry Ci&l, (2
mL) at -78 °C. The mixture was stirred for 2 h thmrenched

83.7,79.4,72.4,72.1, 63.5, 57.7, 54.9, 51.55%3535.3, 32.36,
31.9, 30.5, 30.48, 30.4, 30.3, 30.23, 30.12, 3998, 29.94,

with CH,Cl,:MeOH (1:1, 2 mL) and the solvent was evaporated29.9, 29.86, 29.84, 29.7, 29.6, 29.5, 29.4, 2933,29.26, 29.2,

and the residue was purified by column chromatogragting
with hexane/ethyl acetate (1:1) to afford the tittenpound(7c)
(9 mg, 64%) [Found (MALDI) (M+Na) 451.3, GH.NaQ,
requires: 451.3],d]Y +5.0 € 0.10, CHCJ) which showeddy
(400 MHz, CDC} + few drops CROD): 5.35 — 5.26 (2H, m),
4.77 (1H, dJ 4.3 Hz), 4.24 (1H, dd] 11.7, 2.1 Hz), 4.11 — 4.05
(1H, m), 4.02 — 3.97 (1H, m), 3.97 — 3.91 (2H, m)93(3H, s),

29.19, 29.1, 29.0, 29.04, 28.7, 28.67, 27.5, 24, 25.7, 22.7,
22.6, 15.7, 14.8, 14.1, 10.8;., 3479, 3064, 2924, 2853, 1735,
1494, 1455, 1100 ¢t

(b) Palladium hydroxide on activated charcoal (262d(OH)-C
, 0.0033 g , 0.15 fold by weight) was added to aestisolution
of 7d (0.022 g, 0.014 mmol) in dry GBI, : MeOH (1:1, 2 mL)

2.32 (2H, t,J 7.6 Hz), 2.04 — 1.92 (4H, m), 1.65 — 1.54 (2H, m),at room temperature under hydrogen atmosphere.niikeire

1.35 — 1.15 (22H, m), 0.84 (3H, 4, 6.7 Hz); ¢ (101 MHz,

CDCl; + few drops CROD): 174.3, 129.96, 129.7, 102.3, 79.9,

77.7, 75.8, 65.4, 55.2, 49.6, 49.3, 49.1, 48.97,484.1, 31.8,
29.7, 29.6, 29.4, 29.2, 29.1, 29.0, 27.1, 27.098,222.6, 13.98;
Vmax br. 3468, 2917, 2850, 1735, 1454, 1050, 824.cm

3.7: Methyl 5-O-stearyl-u-D-Araf

Palladium hydroxide on activated charcoal (20% Pd)
0.012 g, 0.15 fold by weight) was added to a stigeldtion of
7c¢ (0.08 g, 0.13 mmol) in dry (Cl, : MeOH, 1:1, 3 mL) at
room temperature under hydrogen atmosphere. Theiraixas
stirred for 24 h then filtered and the precipitatashed with
CH,CI, (15 mL), the filtrate was evaporated and the residas
purified by column chromatography eluting with hesanethyl
acetate (1:1) to afford the title compound as eoness oil
(0.045 g, 80%) [MALDI-Found (M+N&) 453.0, GHNaQ,

requires: 453.3]; d] ¥ +2 (c 0.1, CHGJ); &4 (400 MHz, CDC)):

4.92 (1H, s), 4.30 (2H, d,4.0 Hz), 4.21 (1H, dd] 7.3, 3.8 Hz),
4.17 — 4.06 (1H, m), 3.90 (1H, br8110.1 Hz), 3.42 (3H, s), 2.77
(1H, d,J 10.2 Hz), 2.52 (1H, d] 7.9 Hz), 2.35 (2H, 1) 7.6 Hz),
1.69 — 1.58 (2H, m), 1.34 — 1.21 (28H, m), 0.88 (3H,8.8 Hz);

was stirred overnight; work up as before gave tte ¢ibmpound
as a thick colorless oBd (0.016 g, 79%) [Found (M+NBf:
1389.3550, GH17NOs requires: 1389.3552]; o] 2 +28 (c

0.10, CHCY); 8, (400 MHz, CDCJ): 4.89 (1H, s), 4.49 (1H, dd,
J 12, 4.0 Hz), 4.35 (1H, dd, 12, 4.1 Hz), 4.21 — 4.15 (1H, m),
4.07 (1H, br.s), 3.98 (1H, br.s), 3.77 — 3.66 (1H,2M1 (3H, s),
3.35 (3 H, s), 3.01 — 2.92 (1H, m), 2.85 (1H, s), 25436 (1H,
ddd,J 10.1, 6.9, 5.1 Hz), 1.48 — 1.17 (144H, m), 0.89 (6H,
6.8 Hz), 0.86 (3H, dJ 6.9 Hz), 0.70 — 0.61 (2H, m), 0.61 — 0.52
(1H, dt,J 7.9, 3.9 Hz), -0.33 (1H, br. & 5.1 Hz);5¢ (101 MHz,
CDCly): 174.9, 108.7, 85.4, 83.6, 80.5, 78.4, 72.8, 6327,
54.9, 52.3, 35.3, 35.2, 32.3, 31.9, 30.7, 30.6968030.62,
30.55, 30.5, 30.4, 30.37, 30.3, 30.28, 30.2, 38010, 29.9, 29.8,
29.7, 29.6, 29.57, 29.55, 29.5, 29.4, 29.3, 29225, 29.2,
29.1, 29.0, 29.03, 29.0, 28.9, 28.7, 28.6, 28.53,287.5, 27.4,
26.1, 25.4, 22.6, 15.7, 14.8, 14.1, 16,9;,; br.3435, 2918, 2850,
1732, 1455,1100 cih

3.9: Methyl 5-O-(2-[(R)-1-hydroxy-18-[(1R ,25)-2-[(17S,185)-
17-methoxy-18-methylhexatriacontyl]cyclo propyllocadecyl-
Jtetracosanoate)a-D-Araf 8e

dc (101 MHz, CDCJ): 173.5, 108.8, 83.7, 79.8, 78.0, 63.8, 55.1,(3) Cesium hydrogen carbonate (0.098 g, 0.505 nmals

50.8, 34.1, 31.9, 29.7, 29.6, 29.6, 29.4, 29.32,289.05, 24.79,

added to a stirred solution 5f{0.0546 g, 0.1000 mmol) andR)¢

22. 67 14.10ymax br. 3468, 2917, 2850, 1735, 1454, 1050, 8245. -{(R)-1-hydroxy-18-[(R,29-2-((175,189)-17-methoxy-18-

cm.

3.8: Methyl 5-O-(2-{(R)-1-hydroxy-18-[(1S, 2R)-2-[(17S, 18S)
-17-methoxy-18-methylhexatriacontyl]cyclopropyllocadecyl}
tetracosanoate)u-D-Araf 8d

methyl-hexatriacontyl)cyclopropyl]octadecyl}tetrasamoic acid
(0.100 g, 0.081 mmol) in dry DMF:THF (1:5, 2 mL) at room
temperature and the reaction mixture was stirre€D&C for two
days. The suspension was diluted with ethyl acefdien(l) and
water (10 mL). The organic layer was separated apddgfueous
layer was re-extracted with ethyl acetate (2 x 10 .mIhe
combined organic layers were washed with water (15 amg
brine (15 mL), then dried, filtered and evaporaiedive a thick
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oil residue. The residue was purified by
chromatography eluting with hexane/ethyl acetatel(1t® give
methyl  2,3-di-O-benzyl-5-O-(2-[ (R)-1-hydroxy-18-[ (1R,29)-2-

[(17S,18S)-17-methoxy-18-methyl-hexatriacontyl] -

cyclopropyl] octadecyl] tetracosanoate)a-D-Araf as a colorless
thick oil 7e (0.095 g, 75%) [Found (M+N&) 1574.4085,
CioH18NaQ; requires: 1574.4040]a] # +18 (€ 0.10, CHCY),

which showedy, (500 MHz, CDCY}): 7.38 — 7.29 (10H, m), 4.92
(1H, s), 4.58 (1H, dJ 12 Hz), 4.56 (1H, dJ 12 Hz), 4.51 (1H, d,
J 12 Hz), 4.48 (1H, d) 12 Hz), 4.31 — 4.28 (2H, m), 4.24 — 4.20
(1H, m), 3.99 (1H, ddJ 2.7, 0.9 Hz), 3.84 (1H, dd} 6.4, 2.6
Hz), 3.66 — 3.60 (1H, m), 3.38 (3H, s), 3.35 (3H, O3~ 2.93
(1H, m), 2.52 (1H, br. s), 2.43 (1H, dt9.1, 5.5 Hz), 1.72 - 1.61
(2H, m), 1.60 — 1.07 (141H, m), 0.89 (6HJ%.9 Hz), 0.86 (3H,
d, J 6.8 Hz), 0.69 — 0.62 (2H, m), 0.57 (1H, d18.4, 4.1 Hz), —
0.32 (1H, q,J 5.2 Hz); ¢ (101 MHz, CDC)): 175.0, 137.5,
137.3, 128.6, 128.5, 127.9, 127.8, 107.2, 87.94,883.7, 79.4,
72.4, 72.2, 72.1, 63.5, 57.7, 54.9, 51.5, 35.53,382.5, 32.3,
31.9, 31.3, 31.0, 30.9, 30.8, 30.79, 30.6, 30.88,330.47, 30.4,
30.38, 30.37, 30.3, 30.29, 30.2, 30.19, 30.1, 2998, 29.7,
29.6, 29.5, 29.4, 29.3, 29.2, 29.18, 29.17, 292615, 29.0,
28.9, 28.8, 28.7, 28.5, 28.4, 28.3, 27.6, 27.43,226.9, 26.1,
25.7, 22.6, 15.7, 14.8, 14.1, 10.9,;,: 3479, 3064, 2923, 2853,
1733, 1465, 1100, 721 ¢

(b) Palladium hydroxide on activated charcoal (2R8OH)-C ,
0.003 g, 0.15 fold by weight) was added to a stigelution of
7e (0.020 g, 0.012 mmol) in dry GBI, : MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Theiraixas
stirred overnight then filtered and the solvent waaporated to
give a residue; column chromatography eluting witkane/ethyl
acetate (1:1) gave the title compound as a cobddsBe (0.011
g, 65%) [Found (M+Nd) 1394.3138, @H,-.NaQ; requires:
1394.3101], @] +10 (c 0.70, CHG); 5,4 (400 MHz, CDC)):

4.89 (1H, s), 4.50 (1H, dd,12, 3.8 Hz), 4.32 (1H, dd, 12, 4.4
Hz), 4.20 — 4.16 (1H, m), 4.07 (1H, #5.6 Hz), 4.00 — 3.96 (1H,
m), 3.74 — 3.64 (1H, m), 3.41 (3H, s), 3.35 (3H, )03~ 2.93
(1H, m), 2.79 — 2.7 (2H, m), 2.48 — 2.39 (1H, m), 2-39.32
(1H, m), 1.6 — 1.05 (143H, m), 0.89 (6H,t6.8 Hz), 0.86 (3H,
d, J 6.9 Hz), 0.69 — 0.63 (2H, m), 0.60 — 0.53 (1HJdf -0.32
(1H, br. qJ 4.5 Hz); 8¢ (101 MHz, CDCJ): 174.9, 108.7, 85.4,
83.8, 80.4, 78.4, 72.8, 63.2, 57.7, 55.0, 52.23385.2, 32.3,
31.9, 30.5, 30.2, 30.0, 29.9, 29.7, 29.68, 29.65,289.4, 29.3,
28.7,27.5, 27.4,26.1, 25.4, 22.7, 15.7, 14.991,1¥0.9 v,y br.
3436, 2918, 2850, 1732, 1467, 1099, 720'cm

3.10: Methyl 5-O-(2-[(R)-1-hydroxy-18-[(1R, 25)-2-[(17S, 18
S)-17-methoxy-18-methylhexatriacontyl]cyclopropyl]o¢a-
decyl] hexacosanoateg-D-Araf 8f

() Cesium hydrogen carbonate (0.083 g, 0.428 mmvak
added with stirring t&® (0.0457 g, 0.091 mmol) an®R)-2-{(R)-
1-hydroxy-18-[(R,29-2-((175,189)-17-methoxy-18-
methylhexa- triacontyl)cyclopropyl]octadecylthexaemoic acid
(0.076 g, 0.060 mmdfj in dry DMF:THF (1:5, 2 mL) at room
temperature and the mixture was stirred at 70 {Cvio days
then worked up as before to gimethyl 2,3-di-O-benzyl-5-O-(2-
[(R)-1-hydroxy-18-[ (1R,29)-2-[ (175,18S)-17-methoxy-18-
methylhexatriacontyl] - cyclopropyl] octadecyl] hexacosanoate)a-

Tetrahedron
column 3.35 (3H, s), 3.00 — 2.93 (1H, m), 2.50 (1H,JdB.2 Hz), 2.44

(1H, dt,J 8.7, 5.4 Hz), 1.75 — 1.56 (2H, m), 1.58 — 1.04 (145H,
m), 0.89 (6H, tJ 6.8 Hz), 0.86 (3H, dJ 6.9 Hz), 0.70 — 0.62
(2H, m), 0.57 (1H, dtJ 8 4 Hz), -0.32 (1H, br. gJ 5.0 Hz);5¢
(101 MHz, CDCY): 175.0, 137.4, 137.3, 128.5, 128.4, 128.0,
127.9, 127.89, 127.88, 127.87, 127.86, 107.2, 83584, 83.7,
79.4, 72.4, 72.2, 72.1, 63.4, 57.7, 54.9, 51.55385.3, 32.4,
31.9, 30.8, 30.7, 30.67, 30.6, 30.55, 30.5, 3034, 30.38,
30.37, 30.36, 30.2, 30.17, 30.16, 30.15, 30.0,,28998, 29.7,
29.6, 29.5, 29.4, 29.3, 29.27, 29.26, 29.2, 292911, 29.07,
29.02, 29.01, 28.94, 28.9, 28.7, 28.65, 28.6, 282825, 27.5,
27.4, 26.1, 25.7, 22.6, 15.7, 14.8, 14.1, 109, br. 3522,
3064, 2921, 2851 , 1723, 1467, 1027, 732cm

(b) Palladium hydroxide on activated charcoal (2B&{OH)-C,
0.003 g, 0.15 fold by weight) was added to a stis@ldtion of7f
(0.020 g, 0.012 mmol) in dry GBI, : MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Thuraixvas
stirred overnight then worked up as before to gike title
compound as a thick colorless @f (0.014 g, 76%) [Found
(M+Na)": 1422.3425, GH,,NaG; requires: 1422.3414]p] a

+10 (c 0.10, CHG); &, (400 MHz, CDC})): 4.89 (1H, s), 4.51
(1H, dd,J 12, 3.9 Hz), 4.33 (1H, dd,12.0, 4.1 Hz), 4.21 — 4.15
(1H, m), 4.07 (1H, br. s), 4.01 — 3.95 (1H, m), 3.76,(d,J 5.3
Hz), 3.73 — 3.66 (1H, m), 3.41 (3H, s), 3.35 (3H, $H03- 2.93
(1H, m), 2.85 — 2.70 (2H, m), 2.50 — 2.39 (1H, m)21-71.61
(2H, m), 1.60 — 1.03 (145H, m), 0.89 (6HJ%.8 Hz), 0.85 (3H,
d,J 6.8 Hz), 0.70 — 0.61 (2H, m), 0.60 — 0.53 (1H,J&, 4 Hz),
-0.33 (1H, br. gJ 5.2 Hz);5¢ (101 MHz, CDC})): 175.0, 108.7,
85.5, 83.8, 80.4, 78.4, 72.8, 63.2, 57.7, 55.02,535.3, 35.2,
32.3, 31.9, 30.5, 30.2, 29.9, 29.89, 29.7, 29.66,289.5, 29.4,
29.3, 28.7, 27.6, 27.4, 26.1, 22.4, 22.7, 15.778,184.1, 10.9;
Vmax DI. 3436, 2921, 2852, 1732, 1493, 1455, 759".cm

3.11: Methyl 5-O-(2-[(1R)-1-hydroxy-16-[(1R,2S)-2-[20-
methyl-19-oxooctatriacontyl]cyclopropyl] hexadecyl]tetra-
cosanoate-D-Araf 8g

(a) Cesium hydrogen carbonate (0.086 g, 0.443 mwed)added
to a stirred solution d& (0.0475 g, 0.0953 mmol) an®)¢2-{(R)-
1-hydroxy-16-[(R,29)-2-((S-20-methyl-19-oxo0-octatriacontyl)-
cyclopropyllhexadecyl}tetracosanoic acid (0.077 @.063
mmol)** in dry DMF:THF (1:5, 2 mL) at room temperature and
stirred at 70 °C for two days. Work up as beforeegasthyl 2,3-
di-O-benzyl-5-0O-(2-[ (1R)-1-hydroxy-16-[ (1R,29)-2-[ 20-methyl-
19-oxooctatriacontyl] cyclopropyl] hexadecyl] tetracosanoate) -
D-Araf as a thick colorless oilfg (0.077 g, 80%) [Found
(M+Na)": 1558.3708, GH,sNaQ; requires: 1558.3727]¢] a

+21 (c 0.10, CHG); 8 (400 MHz, CDCYJ): 7.39 — 7.28 (10H,
m), 4.92 (1H, s), 4.58 (1H, d,12.0 Hz), 4.56 (1H, d] 12 Hz),
451 (1H, dJ 12 Hz), 4.48 (1H, d] 12 Hz), 4.32 — 4.28 (2H, m),
4.25 — 4.19 (1H, m), 3.99 (1H, br. 2.2 Hz), 3.84 (1H, ddJ
6.4, 2.8 Hz), 3.67 — 3.59 (1H, m), 3.38 (3H, s), 252.47 (2H,
m), 2.47 — 2.38 (3H, m), 1.75 — 1.09 (140H, m), 184, d,J
6.9 Hz), 0.89 (6H, tJ 6.7 Hz), 0.70 — 0.62 (2H, m), 0.61 — 0.53
(1H, dt,J 3.9, 7.9 Hz), -0.32 (1H, br. d, 5.2 Hz);5c (101 MHz,
CDCL): 215.2, 175.0, 137.5, 137.3, 128.5, 128.4, 12729,.9,

D-Araf 7f (0.077 g, 80%) as a thick colorless oil [Found127.8, 107.2, 87.8, 83.7, 79.4, 72.4, 72.1, 63449,551.5, 46.3,

(M+Na)": 1602.4304, GHisNaQ; requires: 1602.4353]a] 2

+18 (€ 0.10, CHCY)), which showedy (400 MHz, CDC}): 7.39
—7.28 (10H, m), 4.92 (1H, s), 4.58 (1HJd12 Hz), 4.56 (1H, d,
J 12 Hz), 4.51 (1H, dJ 12 Hz), 4.48 (1H, dJ 12 Hz), 4.31 -
4.28 (2H, m), 4.26 — 4.19 (1H, m), 4.0 (1H, dd&5.6, 2.5 Hz),

3.84 (1H, ddJ 6.3, 2.5 Hz), 3.68 — 3.58 (1H, m), 3.37 (3H, s),

41.1, 33.0, 31.9, 30.2, 29.7, 29.6, 29.6, 29.54,299.3, 28.7,
27.4,27.3,25.7,23.7,22.7,16.3, 15.7, 14.19;1Q,,, br. 3524,
3030, 3063, 2922, 2851, 1732, 1715, 1465, 1107 c#83

(b) Palladium hydroxide on activated charcoal (2R&{OH)-C,
0.0015 g, 0.15 fold by weight) was added to a stig@dtion of
79 (0.010 g, 0.006 mmol) in dry CBI, : MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Thetiora



mixture was stirred overnight then worked up as leeforafford
the title compound as a thick white @p (0.0069 g, 63%)
[Found (M+Naj: 1378.2788, GH.-NaG; requires: 1378.2803],
[a] 2t +10.5 (c 0.10, CHGI+ few drops of CROD); &y (400
MHz, CDCL): 4.89 (1H, s), 4.51 (1H, dd} 12, 4.0 Hz), 4.33
(1H, dd,J 12.0, 4.1 Hz), 4.21 — 4.15 (1H, m), 4.07 (1H, br. s)
4.02 — 3.95 (1H, m), 3.74 — 3.66 (1H, m), 3.41 (3H,2590 —
2.71 (2H, m), 2.56 — 2.48 (1H, m), 2.48 — 2.37 (4Hjmoluding
the OH), 2.23 — 1.10 (140H, m), 1.05 (3H,Jd&.9 Hz), 0.89 (6H,

t, J 6.8 Hz), 0.70 — 0.61 (2H, m), 0.59 — 0.53 (1H,XT,9, 3.9
Hz), -0.33 (1H, br. gJ 5.2 Hz);3¢ (101 MHz, CDC} + few drops
of CD;OD): 215.0, 174.9, 108.7, 83.8, 80.4, 78.4, 72.82,63
54.9, 52.1, 46.3, 41.1, 35.2, 33.0, 31.9, 30.27,2929.6, 29.5,
29.45, 29.4, 29.35, 29.3, 28.7, 27.4, 27.3, 25.4,22.7, 16.36,
15.7, 14.1, 10.9 v,y br. 3436, 2918, 2850, 1731, 1708, 1467
1170 cn.

3.12: Methyl 5-O-(2-[(1R)-1-hydroxy-16-[(1R,2S5)-2-(20-
methyl-19-oxo- octatriacontyl)cyclopropyl]lhexadecy
hexacosa-noatey-D-Araf 8¢9’

(a) Cesium hydrogencarbonate (0.062g, 0.319 mma$) added
to a stirred solution o5 (0.048 g, 0.096 mmol) an®R)-2-{(R)-
1-hydroxy-16-[(R,29)-2-((S)-20-methyl-19-oxo-octatriacontyl)-
cyclopropyllhexadecylthexacosanoic acid  (0.080 @064
mmol)*? in dry DMF : THF (1:5, 4 mL) at room temperatureda
the mixture was stirred at 70 °C for 2 days, thenkedrup and
purified as before to afforhethyl 2,3-di-O-benzyl-5-O-(2-[ (1R)-
1-hydroxy-16-[ (1R,25)-2-(20-methyl-19-oxooctatriacontyl)-
cyclopropyl] hexadecyl] hexacosanoate)-a-D-Araf as a colourless
thick oil 7g’ (72 mg, 71%) [Found (M+Np": 1581.4467,
CiodH100NOg requires: 1581.4486]0] 2 + 25 (c 0.10, CHG)

which showed, (400 MHz, CDCY}): 7.42 — 7.27 (10H, m), 4.92
(1H, s), 4.58 (1H, dJ 12.0 Hz), 4.56 (1H, d) 11.8 Hz), 4.50
(1H, d,J 12.0 Hz), 4.47 (1H, d] 11.8 Hz), 4.34 — 4.26 (2H, m),
4.22 (1H, dtJ 4.6, 9.1 Hz), 3.99 (1H, br. d,2.1 Hz), 3.84 (1H,
dd,J 2.6, 6.4 Hz), 3.68 — 3.58 (1H, m), 3.38 (3H, s)p2:52.47
(2H, m, including ®), 2.47 — 2.37 (3H, m), 1.76 — 1.09 (144H,
m), 1.05 (3H, dJ 6.9 Hz), 0.89 (6H, tJ 6.8 Hz), 0.70 — 0.61
(2H, m), 0.56 (1H, dtJ 4.0, 8.0 Hz), -0.33 (1H, br. 4,5.2 Hz);

9
3.13: Methyl 5-O0-(2-{(1R)-1-hydroxy-17-[(1S, 2R)-2-[(2S)-
22-methyl-21-oxotetracontan-2-yl]cyclopropyl]
heptadecyl}hexa- cosanoate)-D-Araf 8h
(b) Cesium hydrogen carbonate (0.045 g, 0.232 mmvah added
with stirring to5 (0.025 g, 0.050mmol) andr(-2-{(R)-17-[(1S,2R)-
2-((19-1,21-dimethyl-20-oxo-nonatriacontyl)cyclopropyil}-
hydroxy heptadecyl}hexacosanoic acid methyl edde®43 g, 0.033
mmol)*® in dry DMF:THF (1:5, 2 mL) at room temperature and
stirred at 70 °C for two days, then worked up asteefo givemethyl
2,3-di-O-benzyl-5-O-(2-{ (1R)-1-hydroxy-17-[ (1S,2R)-2-[ (29)-22-
methyl-21-oxotetra-contan-2-
yl] cyclopropyl] heptadecyl}hexacosanoate) o-D- Araf 7h as a thick
colorless oil (0.050 g, 92%) [Found (M+N#)628.4539,
CioHieNaGs requires: 1628.4509]a] 2 +16.8 € 0.1, CHCY); 3y

(400 MHz, CDCY): 7.40 — 7.27 (10H, m), 4.92 (1H, s), 4.58 (1H, d,

1J12.0 Hz), 4.56 (1H, d] 12 Hz), 4.53 (1H, d] 12 Hz), 4.48 (1H, d,

J 12 Hz), 4.33 — 4.28 (2H, m), 4.22 (1H, dt10.7, 4.6 Hz), 3.99 (1
H, br d,J 1.9 Hz), 3.84 (1H, dd] 6.4, 2.6 Hz), 3.68 — 3.58 (1H, dt,
7.6, 5.2 Hz), 3.38 (3H, s),.28 — 2.47 (2H, m), 2.47 — 2.38 (3H,
m), 1.72 — 1.13 (146H, m), 1.06 (3H, &,6.9 Hz), 0.89 (9H,
including a tripletd 7.5 Hz), 0.72 — 0.61 (1H, m), 0.50 — 0.41
(1H, m), 0.24 — 0.08 (3H, m)c (101 MHz, CDC)): 215.2,
175.0, 137.5, 137.3, 128.5, 128.4, 128.0, 127.9,.8,2107.2,
87.8, 83.7, 79.4, 72.4, 72.1, 63.5, 54.9, 51.53,481.1, 38.1,
37.4, 355, 34,5, 33.0, 31.9, 29.7, 29.6, 29.54,299.3, 27.4,
27.35, 27.3, 26.1, 25.7, 23.7, 22.7, 19.7, 18.63,184.1, 10.5 ;
Vmax br. 3524, 3064, 3031, 2923, 2853, 1737, 1715514607,
734 cni'.

(b) Palladium hydroxide on activated charcoal (262d(OH)-C
, 0.0015 g, 0.15 fold by weight) was added to aestigolution of
7h (0.010 g, 0.006 mmol ) in dry GBI, : MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Theuraixas
stirred overnight then worked up as before to afftird title
compound as a thick colorless @&@h (0.010 g, 80%) [Found
(M+Na)": 1448.3585, GH,sNaQ;, requires: 1448.3570]a] 2+

13 (c 0.10, CHG); &4 (400 MHz, CDCJ): 4.89 (1H, s), 4.49
(1H, dd,J 12, 4 Hz), 4.33 (1H, dd, 12, 4.2 Hz), 4.21 — 4.16 (1H,
m), 4.09 (1H, dJ 6.8 Hz), 4.01 — 3.95 (1H, m), 3.75 (1H,Jb.4
Hz), 3.73 — 3.65 (1H, m), 3.41 (3H, s), 2.61 — 2.4, (), 2.46
— 2.28 (5H, m), 1.72 — 1.15 (146H, m), 1.06 (3H,)®.9 Hz),

8¢ (101 MHz, CDCJ): 215.2, 175.0, 137.4, 137.2, 128.5, 128.4,1 gg (9H, including a triplet at 0.89 with7.4 Hz), 0.76 — 0.61

128.0, 127.9, 127.8, 107.2, 87.8, 83.7, 79.4, 722}, 72.0,
63.4, 54.9, 51.5, 46.3, 41.1, 35.5, 33.0, 31.92,329.7, 29.67,
29.6, 29.57, 29.5, 29.46, 29.4, 29.3, 28.7, 27143,225.8, 23.7,
22.7,16.4, 15.8, 14.1, 10.8;,. 3457, 3064, 3032, 2921, 2851,
1717, 1678, 1466, 1101, 755, 697 tm

(b) Palladium hydroxide on activated charcoal (2B&(OH)-C,
0.01g, 0.15 fold by weight) was added to a stirretliteon of
compound7g’ (0.066 g, 0.042 mmol) in dry GBI, : MeOH
(1:1, 2 mL) at room temperature under hydrogen aphere.
The mixture was worked up and purified as beforeffiord the
titte compoundBg’ as a colourless thick oil (39 mg, 66%) [Found
(M+NH,)": 1401.3546, GH,,dNO;, requires: 1401.3547]g] 2

+11 (c 0.10, CHG) which showed, (400 MHz, CDC{ + few
drops CROD): 4.89 (1H, s), 4.51 (1H, dd,3.9, 11.9 Hz), 4.32
(1H, dd,J 4.0, 11.9 Hz), 4.21 — 4.15 (1H, m), 4.07 (1H, br. s)
3.98 (1H, br. dJ 1.8 Hz), 3.74 — 3.66 (1H, m), 3.41 (3H, s), 2.87
—2.67 (2H, m), 2.55 - 2.38 (4H, m), 1.71 — 1.125(@4m), 1.05
(3H, d,J 6.9 Hz), 0.89 (6H, tJ) 6.8 Hz), 0.69 — 0.61 (2H, m),
0.56 (1H, dtJ 4.0, 8.0 Hz), -0.33 (1H, br. d,5.2 Hz);5¢ (101
MHz, CDCL + few drops CROD): 215.4, 175.0, 108.7, 83.6
80.6, 78.4, 72.8, 63.2, 55.0, 52.3, 50.9, 46.31,435.2, 33.0, 31.9,
30.2, 29.7, 29.65, 29.6, 29.5, 29.45, 29.41, 292403, 28.7, 27.4,
27.3, 25.4, 23.7, 22.7, 16.4, 15.8, 14.1, 10,9; 3405, 2920, 2851,
1713, 1712, 1466, 1108, 759 ¢m

(1H, m), 0.51 — 0.39 (1H, m), 0.26 — 0.05 (3H, H)(101 MHz,
CDCL): 215.3, 174.9, 108.7, 83.8, 80.4, 78.8, 78.48734.9,
52.2, 46.3, 44.5, 41.1, 38.1, 37.4, 35.2, 34.50,331.9, 30.0,
29.7, 29.6, 29.5, 29.3, 27.3, 26.1, 25.4, 23.717,299.7, 18.6,
16.3, 14.1, 10.5y,., br. 3467, 2917, 2849, 1731, 1713, 1467,
1050,720 crl.

3.14: Methyl 5-0-(2-{(R)-1-hydroxy-12-[(1S, 2R) -2-[14-[(1S,
2R)-2-eicosylcyclopropyl]tetradecyl]cyclopropyl]dodeyl}-
hexacosanoatey-D-Araf 8i

(a) Cesium hydrogen carbonate (0.089g, 0.46 mmos) adkled
to a stirred solution db (0.049 g, 0.098 mmol) an®)-2-((R)-1-
hydroxy-12-{(1S,2R)-2-[14-((1S 2R)-2-eicosylcyclopropyl)tetradec-
yllcyclopropyl}dodecyl)hexacosanoic ac(d.075 g, 0.065 mmoaf)

in dry DMF:THF (1:5, 2 mL) at room temperature aticén
stirred at 70° C for two days. Work up as beforeegasthyl 2,3-
di-O-benzyl-5-O-(2-{(R)-1-hydroxy-12-[ (1S2R)-2-[ 14-[ (1S.2R)-
2-eicosyl cyclopropyl] tetradecyl] cyclopropyl] dodecyl } hexacosan-
oate) o-D-Araf 7i as a thick colorless oil (0.084 g, 87%) [Found
(M+Na)": 1486.3173, GH,.NaO; requires: 1486.3152][a] 2

+31 (€ 0.10, CHCY); 8 (400 MHz, CDCY): 7.39 — 7.28 (10H,
m), 4.92 (1H, s), 4.58 (1H, d,12 Hz), 4.56 (1H, dJ 12 Hz),
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451 (1H, dJ 12 Hz), 4.48 (1H, d) 12 Hz), 4.32 — 4.28 (2H

m), 4.25 — 4.19 (1H, m), 3.99 (1H, brd2.3 Hz), 3.84 (1H, dd,

J 6.4, 2.6 Hz), 3.68 — 3.59 (1H, m), 3.38 (3H, s), A5, d,J

MM wishes to thank the Ministry of Higher Educatién
Scientific Research - Kurdistan Region, Iraq fog #ward of a
grant. We thank the EPSRC UK National Mass Spectrgmetr

8.3 Hz), 2.44 (1H, diJ 9.3, 5.5 Hz), 1.62 — 1.03 (134H, m), 0.89 Facility at Swansea University for carrying out aete mass

(6H, t,J 6.7 Hz), 0.72 — 0.62 (4H, m), 0.61 — 0.52 (2H) & 4
Hz), -0.32 (2H, br. @ 5.1 Hz); 8¢ (101 MHz, CDC}): 175.0,
137.4, 137.2, 128.5, 128.4, 128.0, 127.9, 127.29,8l 107.2,

measurements. We thank Dr A Ramsay and the Special
Programme for Research and Training in Tropical &ies at the
World Health Organization for access to materialsnftbe TDR

87.8, 83.7, 79.4, 72.4, 72.2, 72.1, 63.5, 54.95535.5, 31.9,
30.55, 30.5, 30.45, 30.44, 30.4, 30.35, 30.3, 303282, 30.18,
30.1, 30.0, 29.9, 29.7, 29.6, 29.5, 29.4, 29.322929.2, 29.1,
29.03, 29.0, 28.7, 28.6, 27.4, 25.7, 22.68, 22567,114.1, 10.9 ;
Vimax 3479, 3065, 2989, 2919, 2849, 1733,1607, 1498 i’ 1.

(b) Palladium hydroxide on activated charcoal (2B8OH)-C , 2

0.0087 g, 0.15 fold by weight) was added to aedisolution of 3.
7i (0.058g, 0.039 mmol) in dry GEl, : MeOH (1:1, 2 mL) at
room temperature under hydrogen atmosphere. Thauraixas 4.
stirred overnight then worked up as before to afftird title
compound as a thick colourless &il (0.040 g, 80%) [Found
(M+Na)": 1306.2201, GH,sNaO, requires: 1306.2213]0] 36

+ 12 (¢ 0.10, CHG); &, (400 MHz, CDC} + few drops of
CD:OD): 4.89 (1H, s), 4.47 (1H, dd,11.8, 4.2 Hz), 4.37 (1H, ;
dd, J 11.9, 4.1 Hz), 4.20 — 4.14 (1H, m), 4.07 (1H, br.398
(1H, br. s), 3.79 — 3.67 (1H, m), 3.40 (3H, s), 3.28,(br. s), 8.
2.45 (1H, dtJ 10.1, 5.0 Hz), 1.90 — 1.83 (1H, m), 1.63 — 1.07
(134H, m), 0.89 (6H, tJ 6.8 Hz), 0.71 - 0.61 (4H, m), 0.60 -
0.49 (2H, dtJ 8, 4 Hz), -0.33 (2H, br. 45.2 Hz):5c (101 MHz,
CDCly): 175.0, 108.7, 83.4, 80.7, 78.4, 72.8, 63.2, 5824, 11.
35.1, 31.9, 30.4, 30.2, 30.18, 29.7, 29.68, 296;,29.48, 29.4, 12.
29.35, 29.3, 28.7, 27.4, 25.4, 22.6, 15.7, 14.19 10, 3436,

390, 2918, 2850, 1733, 1467, 1455, 1050'cm 14

3.15: The ELISA assay 14.

Serum samples were obtained from the TDR TB Specimgn
Bank:’
16.

ELISA were carried out on 96-well flat-bottomed pdyysne 17
micro-plates. Antigens were dissolved in hexane it@ @n g
antigen solution of concentration 15 pg/ml. 5®futhis solution
was added to each well, and the solvent was left ap@ate at 19.
room temperature. Control wells were coated with hex&0 i
/ well) only. Blocking was done by adding 400 pl@b %
casein/PBS buffer (pH 7.4) to each well, and theeplatere
incubated at 25 °C for 30 min. The buffer was asgeit and any oo
excess buffer was flicked out until the plates wage &Gerum (1

in 80 dilution in casein/PBS buffer) (50 ul / wellps added and 23.
incubated at 25 °C for 1 h. The plates were wash#&dAGO pl
casein/PBS buffer 3 times using an automatic wasiret,any 24
excess buffer was flicked out onto a paper towell uairy. 25.
Secondary antibody (anti-human 1gG (Fc specific)opielise
conjugated antibody produced in goat (Aldrich) (@ith to a
concentration of 1:2000 in casein/PBS buffer) (50 well) was 57,
added, and incubated at 25 °C for 30 minutes. plags were
again washed 3 times with 400 pl casein/PBS bufferguan
automatic washer, and any excess buffer was agakediout. 28.
OPD substrate (50 ul / wellp{fphenylenediamine (1 mg / ml)
and HO, (0.8 mg / ml) in 0.1 M citrate buffer) was then add
and the plates were incubated for a further 30 m2beC. The 29.
colour reaction was terminated by adding 2.5 M@, (50 pl /
well), and the absorbance was read at 492nm. Eacbunesaent 30,
was carried out three times, and an average was.take

N

0.

N
iy

31.
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