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Lipoarabinomannan from Mycobacterium tuberculosis
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Abstract. The synthesis of three mannosyl-arabinosides 4-6 found as terminal epitopes of
mannosylated lipoarabinomannan (ManLAM) from Mycobacterium tuberculosis is reported. A key
step in the synthesis of the required protected octyl B-D-arabinofuranoside derivative 7 involved
glycosylation of octanoi by 5-O-acetyl-2,3-di-O-benzyl-a-D-arabinofuranosyl chioride (12) in the
absence of a promoter. The sequential addition of the mannopyranose residues to 7, using
thioglycosides 8 and 9, provided the protected oligosaccharides 17, 19, and 21. Deprotection by
deacylation and then hydrogenation afforded the targets. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

Mycobacterium tuberculosis, the causative agent of tuberculosis, claims nearly three million lives each
year and a third of the world’s population has been estimated to be infected by this pathogen.'? Mycobacterial
infections, including those leading to tuberculosis, have recently attracted renewed attention. This is due not only
to their increasing incidence in both the industrialized and developing world,’ but also to the emergence of strains

v
________ 1. J'L‘L‘Z--.Io 2.
umca.scx nas oéen airnicun, i

,..

11 wall of this organism provides a formidabie
barrier to the passage of antibiotics into the organism.®

All mycobacteria possess a protective cell wall complex composed of polysaccharides, proteins, and
lipids.” The major structural component of this cell wall is an arabinogalactan which is covalently bound to
mycolic acids, lipids characteristic to mycobacteria. Interspersed throughout this glycolipid framework is another
polysaccharide, lipoarabinomannan (LAM), the major antigenic component of the cell wall. LAM has been
implicated in many immunomodulatory events occurring during progression of tuberculosis, including the

inhibition of macrophage activation,® the induction of cytokines,”'' the neutralization of potentially cytotoxic

Linoca catiuitioe 13 4 I TG ~an Anllacanacac

Al 12 L aca EeXOr ecs ~F
{ HIAdCT dCLIVILICS, auu muuuug ll lJ 8810 O1 CO ngClldbe

~ ais Loan g 4 ..,.C..
oxygen Irce raaicais, " e inhibition of

rotein
that destroy the extraceiluiar matrix of the lung."

The structure of LAM includes a phosphatidyl inositol moiety which is believed to be noncovalently
associated with the plasma membrane of the organism through its lipid portion."*'® To this inositol residue is
attached a polysaccharide composed of mannopyranose and arabinofuranose, the terminal ends of which are

capped with the arabinofuranosyl hexasaccharide 1. Although in many mycobacterial strains this motif is found
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unsubstituted, in others 1 is further substituted with short HO
mannopyranosyl oligosaccharides to provide a polymer known as —
ManLAM 2,156 R?m ?’c"q

The terminal mannopyranosyl residues of ManLAM have o
been suggested to be involved in the initial stages of infection by Hg"" 6_] OH
adhering to human cells through their interaction with mannose
binding proteins.'”'® Consequently, drugs that act by inhibiting the HQJ.,,_K Q OLO-?L*
enzymes that assemble these oligosaccharides are of possible use in HO—-‘ o_[) rg_y é—i-
the prevention and treatment of mycobacterial disease. The design of ro- &9 ?
such inhibitors would be greatly facilitated by the isolation and
characterization of these mannosyitransferases. This goal is in turn 1 R=H Ho

2 R = g-D-Manp or g-D-Manp-a-(1—2)-D-

dependent upon the ready availability of potential oligosaccharide Manp or o-D-Manp- o-(12)-D Manp o
substrates which can be used for purification of these enzymes and in (1>2)-0-Manp

the development of assays for their activities. Although biosynthetic Figure 1

studies of LAM have been carried out,'® the assembly of the mannose caps has not been investigated. We
describe here the first syntheses of a series of glycan fragments of ManLAM (3-6, Figure 2), which are

potential substrates for the mannosyltransferases involved in its biosynthesis.

Figure 2. Synthetic Targets, R = (CHz)7CH3

Results and Discussion

We envisioned that oligosaccharides 4-6 could be prepared straightforwardly from monosaccharide
building blocks 7, 8, and 9, through a route involving the sequentia addition of mannose residues to
arabinofuranosyl-containing acceptors. Thioglycosides were chosen as the glycosyl donors due to their
hydrolytic stability as well as the number of methods available for their activation.'"” We chose to prepare octyl
glycosides because this hydrophobic group simplifies glycosyltransferase assays by allowing the use of reverse
phase (C,;) cartridges to separate and quantitate reaction products.”® A critical issue to be addressed early in the
synthetic sequence was the formation of the 1,2-cis-glycosidic bond on the arabinofuranose r651due This

hat of a B- mannonyranoside, whic notoriously difficult to nrenare
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Figure 3. Monosaccharide Building Blocks
Synthesis of monosaccharides. Thioglycosides 8 and 9> are known and were readily prepared from D-

mannose as previously described. In contrast, there is considerably less precedence for the synthesis of 7.

Relatively little work has been done on the synthesis of furanosidic oligosaccharides and, since Fletcher and

Glaudemans reported the preparation of methyl B-D-arabinofuranoside over 30 years ago,?* the stereoselective
synthesis of linkages of this type has not been investigated. An intermolecular aglycone delivery route for the
stereoselective synthesis of B-D-fructofuranosides has been recently reported” and, given the close structural
similarities between these glycosides and 7, a similar approach is likely to succeed. However, the simplicity of
the approach reported by Fletcher’ prompted us to investigate this approach first as illustrated in Figure 4.
Commercially available 2,3,5-tri-O-benzyl-D-arabinofuranose (10) was treated under acetolysis

onditions which resulted in multaneous cleavage of the O-5 benzyl ether and acetylation of the anomeric
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12 was reacted with octanol in the absence of a promoter to give the B-glycoside 13. The product was
contaminated with traces of the a-isomer. However, separation could easily be achieved by first removing the
acetyl group and then chromatography. The conversion of 11 to 7 proceeded in 35% overall yield. Despite this
modest yield, the speed and ease with which 7 can be prepared by this route makes it a viable alternative to more
elaborate methods (e.g., the previously mentioned intramolecular aglycone delivery route™) that would possibly
give the higher yields in the glycoqy]atlon step. Chloride 15, which was prepared in 2 steps from 10, was

reacted with octanol in a manner identical to 12 to provide a 58% yield of the g e 16. In this case, the
Frmmatinn nftha v_annmar wag nat dAatantad 2 Iy dracenatinon of 16 gave arahinafuranocide R in R2% vield
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Figure 4. (a) Aco0, HoSOy4, 86%; (b) HCI, CICH>CH,CI; (¢) CH3(CHp)70H, CHoClg; (d) NaOCH3, CH30OH, 3 steps,
35%; (e) Acp0, pyridine, reflux, 100%,; (f) HCI, CICH2CHCI; (g) CH3(CH2)70H, CH,Clp, 2 steps, 58%,; (h) Pd/C, Ha,
CH3OH, 82%.
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standard one-dimensional “C and 'H NMR experiments.”” The anomeric carbon of o-D-arabinofuranosides
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resonate in the range of 107-110 ppm whereas the -anomers appear between 97 and 104 ppm. Furthermore,
J 1 1z is small (0-2 Hz) for the a-anomers and larger (3-5 Hz) for the B-anomers. It should also be mentioned
that although 'J. ,,, values are unambiguous determinants of anomeric stereochemistry in mannopyranosides,”
they cannot be used here to make these assignments. In arabinofuranosides the magnitudes of these couplings
have been shown to be insensitive to anomeric configuration.”

It is tempting to speculate that the formation of B-glycosides from 12 and 15 proceeds through a direct

g h 1 4 direc
S 2 displacement reactio owever. the methanolvsis of ?-hprwv]a ed arabinofuranosvl chlorides hag on
Sy< displacement reactio owever hanolysis of Z-benzylated arabinofuranosy! chnlorndes has been

previously studied®” and it was shown that these reactions proceed through an ion-pair Sy1 mechanism. It

shouid be noied that although the unpromoted giycosylation of these furanosyi halides proceeds efficiently with
simple primary aicohols, attempts to react 15 with secondary carbohydrate alcohols produced no glycosides,
only the hydrolysis product, 10.”° Therefore, while this method is useful for the preparation of simple
glycosides it appears to be of limited utility in oligosaccharide synthesis. Furthermore, it should also be
mentioned that carlier work on the glycosylation of 12 in the presence of a promoter (Ag,0, AgCO,) results in
the formation of the a-glycoside.” This suggests that in the presence of a promoter, a naked carbocation forms

and that the attack of the alcohol proceeds through the less sterically hindered face of the ring.

wynthecic of olicosaccharides. With th nildine bhlocks 7-9 in hand the assemblv of the
Syntnests of ougosaccharides. with the bduldmg blocks /-3 nandg, the assemoly of the
Alimnananhasdan mememadad aith At cariane Aiffiranlty Harwavae naeafizl ananteral Af tha tameanratisens dirrina tha
oligosacCnariaes proceeaea witiiout sérious GiriiCuity. nowever, careiih Coniro: o1 ine iCmperature auring e

glycosylations was required in order to obtain good stereoselectivities. Despite the presence of a participating
protecting group at C-2 in the donor, initiating the glycosylations at 0 °C or -10 °C resulted in the formation of
significant amounts of the undesired B-anomers. For example, in the case of glycosylation of 7 with 9 to give
17 (Figure 5), at O °C a 3:2 o ratio was obtained. When the same reaction was carried out at -10 °C the o:f
ratio was 3:1.** In addition to lowering the overall yield, the formation of the B-glycosides greatly complicated
purification as the two glycosides had very similar chromatographic mobilities in all solvent systems

e reaction at -40 °C and allowing it to react as it warmed to

from the desired compound by chromatography to give the product
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Figure 5. (a) 9, NiS, AgOTi, CH2Cig, -40 °C — rt, 82%,; (b) NaOCHa TT,
CHyClp, -40 °C — 1, 87%; (d) NaOCHg, CH3OH, 96%; (e) PA/C, Hy, “Hz0H, 93%



thiogiycoside 9 promoted by N-iodosuccinimide and siiver trifiate afforded the protected disaccharide 17 in 82%
yield. Deacetylation proceeded in 95% yield to give alcohol 18. A portion of this product was completely
deprotected by hydrogenation providing 4 in 90% yield. The remainder of 18 was glycosylated, again with 9
under the same reaction conditions used for the synthesis of the disaccharide, to afford trisaccharide 19 in 87%
yield. Treatment with sodium methoxide afforded a 96% yield of alcohol 20 which could then be converted,

upon hydrogenation, to 5 (93%). Tetrasaccharide 6 was synthesized as shown in Figure 6. Its preparation

involved first the reaction of trisaccharide 20 with the fully acylated mannose thioglycoside 8 to give 21 in 76%
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In conclusion, we have carried out the first syntheses of a series of mannosyl-arabinosides found as

constituent parts of ManLAM from M. tuberculosis. The availability of these glycans will be important in

alucidating tha nathwave hv which this nolvsaccharide is assembled h the organism. The results of these
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Upucal rotations were measiired at 22 =

2 °C. Analytical TLC was perform ed
mm, Merck). Spots were detected under UV light or by charring with 10% H,SO, in ethanol. Unless otherwise
indicated, all reactions were carried out at room temperature and under positive pressure of argon. Solvents were
evaporated under reduced pressure and below 40 °C. Column chromatography was performed on silica gel or
Iatrobeads. The ratio between silica gel and compound ranged from 100 to 50:1 (w/w). 'H NMR spectra were
recorded at 250 or 300 or 500 MHz, and first order proton chemical shifts 5, are referenced to either to TMS (3,
0.0, CDCL,) or HOD (8, 4.78, D,0). "'C NMR spectra were recorded at 75 or 125 MHz and "’C chemical shifts
8. are ‘eﬁ;gnged to either to TMS (§.. 0.0, CDCI,) or dioxane (8. 67.4, D,0). The assignment of resonances in

3-6 were made by two-dlmcnsmnal homonuclear and heteronuclear shift correlation experiments. One-bond
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carbon-hydrogen coupling constants involvi the mannose residues in 4-6 were

1

measured to prove giycoside stereochemisiry.” Elementai analyses were performed by Atlantic Microlab Inc.,
GA and the samples submitted for analyses were dried overnight under vacuum with phosphorus pentoxide at 56
°C (refluxing acetone). Fast atom bombardment mass spectra were recorded on samples suspended in
thioglyceride matrix with a cesium gun. MALDI mass spectra were recorded on samples in an a-cyano-4-

hydroxycinnamic acid matrix.

1,5-Di-O-acetyl-2,3-di-O-benzyl-D-arabinofuranose (11). To a solution of 10* (2.5 g, 5.95 mmol) in
acetic anhydride (15 mL) was added a solution containing 6 drops of conc. H,SO, in acetic anhydride (5 mL).
The reaction was stirred for 2 h, and was then poured into ice (100 g) and stirred for 2 h, before being extracted
with CH,Cl, (3 x 30 mL). The organic layer was washed with water (30 mL) followed by a saturated NaHCO,

solution (2 x 30 mL) and water (30 mL). The organic extract was dried (Na,SO,), filtered and concentrated to a
light yellow syrup, which was purified by chromatography (4:1 toluene:EtOAc) to givc 11 (2.1 g, 86%) as a
colorless syrup in a 9:1 o:f ratio of anomers. R; 0.27 (4:1 toluene:EtOAc); [a], -21.6° (¢ 0.8, CHCL,); '"H NMR
(250 MHz, CDCl,) §,, 7.25-7.40 (m, Ph), 6.30 ( i, J,, = 4.2 Hz, H-1B), 6.23 (br. s, H-1a), 6.67 (d, 7= 11.8

Hz, CH,Ph) 4.50-4.69 (m, CH,Ph), 4.37 (ddd, J,;,=3.8,J,,=35.8, J,5, = 6.0 Hz, H-4w), 4.27 (dd, g4 5a
3.8, Js, 5 = 11.9 Hz, H-5aw), 4.13 (dd, J,,, = 6.0, J5, 5, = 11.9 Hz, H-5ba), 4.08 (d, J,, = 2.3 Hz, H-2w),
3.89 (dd, J,, =23, J,,= 5.8 Hz, H-30), 2.08 (s, a-OCOCH,), 2.06 (s, B-OCOCH,), 2.04 (s, B-OCOCH,),
2.01 (s, a-OCOCH,); *C NMR (75.5 MHz, CDCl,) §. 170.7, 169.9 (C=0), 137.7, 137.3, 137.1, 128.6,
128.2, 128.1, 128.0, 128.0 (Ph) 100.5 (C-1m), 94.5 (C-1B), 86.8, 84.1, 83.6, 81.8, 81.2, 72.7, 72.3, 72.2,
7 (ring and benzylic C), 21.3, 21.2, 20.8 (OCOCH,). Anal. Calcd for C,;H O, (414.22): C, 66.64;
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Octyl 2,3-di-O-benzyl-B-D-arabinofuranoside (7). HCl gas was bubbled through a solution of 11 (1.4
£, 3.38 mmol) in dry dichloroethane (10 mL) for 30 min. The reaction mixture was stirred for an additional 10

min and the cnlye concentrataed to nrovide S-Macetvl? I_di-)-henzvl_g-NDoarahinafiiranncey] chlaridsa 12
111ERE GRIINLE LEIW OWFI VLD YYD wUlLIwwiili AAlvg LV yl\lvlu\/ S u\/\ll]l dtged WAL UWLLILY 1WA L Ad AUV AR ull\lﬂ]l WALINJLIUN B b
P B IR | PGS § ¥ 77 SRR ) T —— P Prp—— | + o Als 1.1 o0 oo AMIT 71 /AN TN
dS 4 11g0nt yCliow Syrup. VVIHIOul 1uricl puuuuauuu, LllC CTua€ proquct was aissoivea m ar Ll (20U ML)
and octanol (0.37 mL, 2.35 mmol) was added. After stirring for 90 min, the reaction mixture was diluted with

CH,Cl, (40 mL) and then washed with water (30 mL) followed by a saturated NaHCO, solution (2 x 30 mL)
and water (25 mL). The organic layer was dried (Na,SO,), filtered and concentrated to give crude 13 as light
yellow syrup. The product was dissolved in methanol (15 mL) and a few drops of 0.1 M NaOCH, was added
and the reaction was stirred for 4 h. The reaction mixture was concentrated and the unreacted octanol was
removed by azeotropic distillation with water (3 x 40 mL). The light yellow oil obtained was purified by

chromatography (85:15 hexane: EtOAc) to obtain 7 (0.5 g, 35%) as a colorless oil. R, 0.31 (4:1 hexane:EtOAc);
H Ph). 485(d 1 H. J =44

[yl J_A‘(O(,nQ CHCT ) 7 1 { 15

I_ JD T 1. ‘ AV U, \4!1\413}7 AL LAVWIVAAN I\ AVAL ALy v l3 H 1. \ 1ly ko 11’ i llj, . \u, ll, Jl‘z T
| 5 P \'r 1N A "l") 7 1 1T F_ 117 17X MIT DL A LM 1. I MIF DL A £OQ 7.1 1 IT Yy _ 1N~ 11, /717 DL
nz, n-1),4./5 W4, 1 n, J=11./ 1L, \./ﬂzl'll), “4.0U (>, 2 11, \./ﬂzl.'ll}, 4.0 U, 1 N, = 11U/ INL, \_,ﬂzl"[l),
431 (dd, i H, J,,=5.8, J,,= 7.0 Hz, H-3), 4.00-4.10 (m, 2 H, H-2, H-4), 3.50-3.80 (m, 3 H, H-5a, H-

5b, octyl OCH,), 3.39 (dt, 1 H, J = 6.8, 9.6 Hz, octyl OCH,), 2.37 (dd, 1 H, Js s on = 4.2, Jys.0q = 7.7 Hz,
5-OH), 1.58-1.65 (m, 2 H, octyl CH,), 1.23-1.29 (m, 10 H, octyl CH,), 0.87 (t, 3 H, J = 6.1 Hz, octyl CH.);
C NMR (75.5 MHz, CDCL,) 8. 138.1, 137.7, 128.4, 128.1, 128.0, 127.8, 127.7 (Ph), 100.8 (C-1), 84.5,
82.2, 81.2, 72.5, 72.4, 69.2, 63.8 (ring and benzylic C, octyl OCH,), 31.8, 29.6, 29.5, 29.4, 26.1, 22.6
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1-O-Acetyl-2,3,5-tri-O-benzyl-D-arabinofuranose (14). This compound was prepared as previously
acorihed 34
AW O IL/ WS,

Octyl 2,3,5-tri-O-benzyl-B-D-arabinofuranoside (16). HCl gas was bubbled through a solution of 14
(850 mg, 1.87 mmol) in dry dichloroethane (10 mL) for 30 min. After stirring for an additional 10 min the
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(0.35 mL, 2.24 mmol) was added. The reaction mixture was stirred for 60 min and then diluted with CH,Cl, (40
mL), before being washed with water (30 mL), a saturated NaHCO, solution (2 x 30 mL) and water (25 mL).
The organic layer was dried (Na,S0O,), filtered, and concentrated under vacuum to a light yellow syrup, which
was purified by column chromatography (9:1 hexane:EtOAc) to give 16 (440 mg, 58%) as a colorless syrup. R,
0.66 (4:1 hexane:EtOAc); [a],, -49.6° (¢ 1.4, CHCl,); '"H NMR (300 MHz, CDCl,) §,, 7.26-7.40 (m, 15 H,
Ph), 4.90 (d, 1 H, J,, = 4.0 Hz, H-1), 4.70 (d, | H, J = 11.7 Hz, CH,Ph), 4.60-4.66 (m, 3 H, CH,Ph), 4.70
(s, 2 H, CH,Ph), 4.05-4.22 (m, 3 H, H-2, H-3, H-4), 3.68 (dt, | H, J = 6.8, 9.2 Hz, octyl OCH,), 3.50-3.58

fen D H_Sa I_ShY 224 (At 1 H 7 - A Q7 Hrs netvyl OCHDY 1 88 1TAY (m 7H artvyl CHT Y 1 70
Uy, £ 11, 117Ja, 117JU ), J.077 Uy Xy o Ueldy Ju& LRf, ULLYL M ddg ), L.dJ™ 10L& (1, & 01, ULyl N iky)y L.47

P Y- TOATT e XTI Y NOT 6 X IT T LA IT. o1 AITNY. 34 ATAMAD 777€ € AMIT. ATYWIY S 172Q N
1.0 (m, 1vu , OC yl LHZ}, U.71 (L, 2, J = 0.4 114, OLLYI LIl,), U INIVIRN (/0.0 IVIX1Z, L,U\,l3) OC 130.4,
138.1, 137.7, 128.3, 128.2, 128.2, 128.0, 127.8, 127.7, 127.6, 127.5, 127.5 (Ph), 100.5 (C-1), 84.2, 83.5,

80.1, 73.2, 72.7, 72.3, 72.2, 671.9 (ring and benzylic C, octyl OCH,), 31.8, 29.4, 29.3, 29.2, 26.2, 22.6
(octyl CH,), 14.0 (octyl CH,). Anal. Calcd for C,,H,,0; (532.69): C, 76.66; H, 8.33. Found: C, 76.62; H,
8.36.

Octyl B-D-arabinofuranoside (3). To a solution of 16 (250 mg, 0.48 mmol) in methanol (10 mL) was
added 10% Pd/C (70 mg). The reaction mixture was stirred under H, atmosphere for 6 h at room temperature,
filtered, washed with methanol (2 x 5 mL) and CH,Cl, (5 mL) and then concentrated under vacuum to obtain a 3
as colorless syrup (100 mg, 82%). R; 0.38 (1:4 toluene:EtOAc); [a],, -29.3° (¢ 1.1, CHCL,); 'H NMR (800
MHz, D,0) 6, 4.90 (d, 1 H, J.7—47Hz H-1),4.02 (dd, 1 H, J,,=4.7,J,, =78 Hz, H-2), 3.93 (dd, 1 H,

J,;=178,J,,=73Hz,H-3),3.79(dd, 1 H, J,, =73, J,,, =39, J, 5, = 7.0 Hz, H-4), 3.65-3.70 (m, 2 H,
H.Sa octvl OCH)Y 355(dd. 1 H. J =70 17 =119 Hz -5h) 42 (dt, 1 H, J = 6.6, 9.5 Hz, octyl
L1504, ULLYL \Wodldy )y Jedw (MU, 1 L4, vy g 7Yy 535 i, IR°2Y), SrL By, 2 iR, F.0 T34, OLyE

OCHZ), 50-1.52 tyl CH,), 1.20-1.26 (m, 10 H, octy
CH,); C NMR (75. X i (
(octyl OCH,), 31.7, 29.5, 29.2, 29.1, 25.8, 22.5, (octyl CH,), 14.
C,;H,,05 [M + H]* 263.1859, found 263.1874.

17 ’) AL o2ty Lo T o ~ . (

Octyl  2-O-acetyl-3,4,6-iri-O-benzyl-a-D-mannopyranosyl- nzyl-f-D- arar’;inofura‘rm-

3 -
e
~
M)

) LIJQ
e
-
CD
3~
N)

side (17). Thioglycoside 9 (230 mg, 0.43 mmol), alcohoi 7 (170 mg, 0.39 mmoi), and powdered 4 A

]

molecular sieves (300 mg) were placed in a round-bottom flask and dried overnight in vacuo. Dry CH,CIl, (20
mL) was added and the mixture was cooled to -40 °C and stirred for 10 min. N-iodosuccinimide (115 mg, 0.51
mmol) was added and the reaction was stirred for 20 min before silver triflate (31 mg, 0.12 mmol) was added.

The reaction mixture was allowed to gradually warm to 0 °C and was then quenched by addition of triethylamine
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&8l

(08 I The vallaw eolution wae Filtared dili ith CH.CL (20 mL}. was
\V.J i), 10¢ yeuow SO1itiofl was iiiieieaq, diluted with LILLl, QU IT 1Lj, washed wiih saturated NEZDZU3
solution (2 x 20 mL) foliowed by brine (20 mL) and water (20 mL). After drying (Na,SO,), the organic layer

was concentrated to a light yellow syrup, which was chromatographed (85:15 hexane:EtOAc) to give 17 (323
mg, 82%) as a colorless syrup. R, 0.33 (4:1 hexane:EtOAc); [a], +3.4° (c 1.2, CHCL,); 'H NMR (300 MHz,
CDCl,) 8, 7.16-7.36 (m, 25 H, Ph), 5.38 (dd, J,,, = 1.8, J, ;, = 3.0 Hz, H-2'), 4.41-4.90 (m, 12 H, H-1, H-
1, 10 x CH,Ph), 3.60-4.10 (m, 10 H, H-2, H-3, H-4, H-5a, H-5b, H-3", H-4’, H-5’, H-6'a, octyl OCH,),
351(dd, 1 H, Js¢, = 5.6, Jg, ¢, = 10.1 Hz, H-6'D), 3.30 (dt, 1 H, J = 6.9, 9.7 Hz, octyl OCH,), 2.13 (s, 3 H,

OCOCH,), 1.56-1.64 (m, 2 H, octyl CH,), 1.21-1.29 (m, 10 H, octyl CH,), 0.87 (t, 3 H, J = 6.7 Hz, octyl
CH,); "C NMR (75.5 MHz, CDCl,) 3. 170.3 (C=0), 138.5, 138.2, 138.1, 138.0, 137.9, 137.7, 128.4,
128.3, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.8, 127.7, 127.5, 127.5 (Ph), 100.5 (C-
i), 98.1 (C-1), 84.2, 83.3, 79.5, 78.3, 75.1, 74.2, 73.5, 72.4, 71.8, 71.6, 71.5, 70.1, 68.6, 68.5, 68.0 (ring
and benzylic C, octyl OCH,), 31.8, 29.5, 29.4, 29.3, 26.2, 22.6 (octyl CH,), 21.2 (OCOCH,), 14.1 (octyl

CH,). Anal. Calcd for C,;HO,, (917.15): C, 73.34; H, 7.47. Found: C, 73.62; H, 7.40.

I/l :\nn £ AN o~

Oc lyl o-D-mannopyranosyl-( 1 —))- p—u—aramno]uranosme (4). A solution of 17 ulu mg, V.25 mmol)
was dissoived in methanoi (20 mL) and then 2 drops of 1M NaOMe was added. After stirring overnight, the
solution was neutralized with a minimum amount of Amberlite118 H* resin and concentrated to a syrup, which
was purified by chromatography (8:1 hexane:EtOAc) to give 18 (190 mg, 95%) as a colorless syrup. '"H NMR
(300 MHz, CDCl,) 8, 7.18-7.44 (m, 25 H, Ph), 498 (d, J,., = 1.4 Hz, H-1"),491 (d, | H, J , = 4.2 Hz, H-
1),4.87 (d, 1 H, J=10.9 Hz, CH,Ph), 4.47-4.77 (m, 9 H, CH,Ph), 3.64-4.24 (m, 11 H, H-2, H-3, H-4, H-
5a, H-5b, H-2', H-3’, H-4", H-5’, H-6"a, octyl OCH,), 3.59 (dd, 1 H, Js 4, = 5.7, J, ¢, = 10.2 Hz, H-6'D),

336(dt. 1 H J =69, 97 Hz, octyl OCH.), 253 (br.s. 1 H OH), 1.56-164 (m. 2 H. octvyl CH.) 1 26—
SOV (B, 1 Rk, U vz, . x4, OOAY: Rd25, L0202 (VL. 5, 1 IR, AL, 2.0U0LUS s & Liy, UYL tlg), 1.4
1122 frmi 1IN Antvl CLIT Y N0A (4 2 T — £Q He ~ntg] OLT ) 30 NAMD (78 & ML, TV Y S 129 &
1.00 \ill, 1V 11, iyl \/112], V.77 \L J 11, v — U.0 114, UYL \/113} = INOVAIN \ /1 J.0 V114, \,U\_,].}} UL 1250.9,
19913 172702 120 n 7T Q 170 £ 1NQ & 179Q A 170 " 1A0 N 1A O 1A~ ™ 1AM £ /Dt P VN PP Y]
138.2, 136.2, 108.U, /.08, 1£408.0, 1£403.0, 1208.4, 1408.4, 148.U, 12/1.8, 14/7.7, 1£2/7.0 (FD), 1UV.D (L-1), i

8.0, 13 9
(C-1"), 84.3, 83.4, 80.3, 79.6, 75.2, 74.2, 73.5, 72.5, 72.5, 72.1, 71.3, 69.7, 68.8, 68.3, 68.2 (ring and
benzylic C, octyl OCH,), 31.9, 29.6, 29.5, 29.4, 26.3, 22.8 (octyl CH,), 14.2 (octyl CH,).

To a solution of 18 (100 mg, 0.11 mmol) in methanol (8 mL), was added 10% Pd/C (25 mg). The
solution was stirred overnight under H, atmosphere and then the catalyst was separated by filtration and washed
with CH,OH (10 mL). After concentrating, the product was purified by chromatography (4:1 CH,Cl,:CH,OH)
on silica gel to give 4 (41 mg, 90%) as a foam. R, 0.53 (4:1 CH,C1,:CH,0OH); [a]; +2.9° (¢ 1.2, H,0); 'H

NMR (800 MHz, D,0) §,,4.91 (m, 1 H, H-1),4.84 (d, 1 H, J,., = 1.6 Hz, H-1"), 4.02-4.06 (m, 2 H, H-2, H-

1’2 Ay RAT Ly XX

3),391-3.94 (m, 1 H, H-4),3.90 (dd, 1 H, J,., = 1.6, J,., = 3.3 Hz, H-2"), 3.70-3.81 (m, 4 H, H-5a, H-3’,

T TX £\ D Y A/ MMAIY N N &7 £333 1 1T

-6'a, H-6'b), 3.61-3.68 (m, 3 H, H-4", H-5b, octyl OCH,), 3.57 (ddd, 1 H, J,5 =97, Joq, = 2.1, Jsg, =

wn

-

5.0 Hz, H-5%),3.42 (dt, 1 H, J = 6.8, 9.6 Hz, OCtle(_,Hz) 1.58-1.65 (m, 2 H, Octyl(,l'lz) 1.23-1.29 (m, 10
H, octyl CH,), 0.87 (t, 3 H, J = 6.1 Hz, octyl CH,); *C NMR (125.8 MHz, D,0) 8. 101.4 (C-1, 'J., =171.8
Hz), 100.3 (C-1",J ., = 171.1 Hz), 80.0 (C-4), 76.8 (C-2), 75.3 (C-3), 73.3 (C-5"), 71.0 (C-3’), 70.1 (C-2),
68.9 (octyl OCH,), 68.8 (C-5), 67.0 (C-4'), 61.2 (C-6"), 31.7, 29.5, 29.2, 29.1, 25.8, 22.5 (octyl CH,), 14.0
(octyl CH,). HR-FAB-MS calcd for C,,H,,0,, [M + HJ* 425.2387, found 425.2386.

Octyl  2-O-acetyl-3,4,6-tri-O-benzyl-o-D-mannopyranosyl-(1 —2)-3,4,6-tri-O-benzyl-a-D-mannopyran-
osyl-(1-5)-2,3-di-O-benzyl-B-D-arabinofuranoside (19). Thioglycoside 9 (120 mg, 0.22 mmol), disaccharide
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and dried overnight in vacuo. Dry CH,Cl, (15 mL) was added and the mixture was cooied to -40 °C and stirred
for 10 min. N-iodosuccinimide (52 mg, 0.23 mmol) was added and the reaction was stirred for 20 min before
the addition of silver triflate (13 mg, 0.05 mmol). The reaction mixture was allowed to gradually warm to 0 °C
and was then quenched by the addition of triethylamine (0.3 mL). The yellow solution was filtered, diluted with
CH,Cl, (20 mL), washed with an saturated Na,S,0, solution (2 x 20 mL) followed by brine (20 mL) and water
(20 mL). After drying (Na,S0,), it was filtered and concentrated under vacuum to a light yellow syrup, which
to give 19 (130 mg, 87%) as a colorless syrup. R. 0.32 (4:1

l
1

CH,Ph), 4.41-4.71 (m, 12 H, CH,Ph), 4.38 (d, 1 H, / = 10.9 Hz,
H-4, H-5a, H-5b, H-2’, H-3’, H-4’, H-5', H-6"a, H-3", H-4", H-5", H-6"a, H-6"b, octyl OCH,), 3.47 (dd, 1
H, Jg ¢, = 5.6, Jg, 6, = 10.0 Hz, H-6b), 3.30 (dt, 1 H, J = 6.9, 9.8 Hz, octyl OCH,), 2.13 (s, 3 H, OCOCH,)
1.56-1.64 (m, 2 H, octyl CH,), 1.21-1.29 (m, 10 H, octyl CH,), 0.88 (t, 3 H, J = 6.9 Hz, octyl CH,); e
NMR (75.5 MHz, CDCl,) 8. 170.1 (C=0), 138.5, 138.4, 138.4, 138.3, 138.2, 138.1, 138.0, 137.7, 128.4,
128.3, 128.2, 128.2, 128.2, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5

,_,
o]
]
@

=
E
C)

ES

—
—
W
o
N
o
=)

v
m

M+ Na]+ 1371.6626, found 1371.6596.

0 . 71 D)~ 223 72233 mzaay
y X-D- mannupwunu.)y P —2 J- O-D-manno, Y

s

J

of 19 (110 mg, 0.23 mmol) was dissolved in methanol (20 mL) and then 2 drops
The mixture was allowed to stir overnight and then concentrated to a syrup, which was purified by
chromatography (4:1 hexane:EtOAc) to give 20 (100 mg, 96%) as a syrup. 'H NMR (300 MHz, CDCl,) §,
7.19-7.33 (m, 40 H, Ph), 5.14 (d, 1 H, J,.,. = 1.6 Hz, H-17), 494 (d, 1 H, J;., = 1.6 Hz, H-1"), 4.41-4.86
(m 17 H, H-1, 16 x CH,Ph), 3.98-4.10 (m, 4 H), 3.60-4.15 (m, 17 H, H-2, H-3, H-4, H-5a, H-5b, H-2, H-
3, H-4’, H-5’, H-6’a, H-2”, H-3”, H-4”, H-5”, H-6"a, H-6"b, octyl OCH,), 3.47 (dd, 1 H, J5 ,, = 5.6, J,, ¢,

0 329 (dt, 1 H, J= 6.9, 9.8 Hz, octyl OCH,), 1.56-1.64 (m, 2 H, octyl CH,), 1.21-1.29
6.9 Hz, octyl CH,); “C NMR (75.5 MHz, CDCl,) 8. 170.1 (C=0),
137.7, 137.6, 128.3, 128.3, 128.2, 128.2, 128.1, 128.0, 127.9,

11T A 11 3

127.4, 127.
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79.4, 74.9, 74.8, 74.'/ 74.6,
(rmg and benzylic C, octyl OCH,),

~l -
’)
OC) ~ N

\Cl

~J (98]
9 © t:i R W
o o

\O

71. 5 71.8, 69.9, 690 684
(octyl CH,), 14.0 (octyl CH3).

To a solution of 20 (100 mg, 0.11 mmol) in methanol (8 mL) was added 10% Pd/C (25 mg). The
mixture was stirred overnight under an H, atmosphere and the catalyst was separated by filtration and washed

with CH,Cl, (10 mL). After concentrating, the product was purified by chromatography (2:1 CH,Cl1,:CH,0H)
trobeads to obtain 5 (38 mg, 93%) as a foam. R; 0.29 (2:1 CH,C1,:CH,OH); [al; +5.2° (¢ 0.9, H,0); 'H

\CO g, A as 4 19at « 11 11U ), it

0
v

=
o
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NMR (6UU MIZ, 1,U) 0,;,5.U0 (8, 1 1, -1}, 456 (5, I 1, -1}, 4553 (0, 1 i, J,, = 45 Hz, H-1), 4
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(dd, 1 H, J,;, =4.6, J,, = 8.0 Hz, H-3), 400-4.02 (m, 2 H, H-2, H-2"), 3.93 (ddd, i1 H, J,, =8.0, J,,, =

3
3.3,J,, = 6.9 Hz, H-4), 3.88-3.91 (m, 2 H, H-2', H-3"), 3.80-3.83 (m, 2 H, H-6a, H-6"a), 3.79 (dd, 1 H,
Iyv =33,y = 9.6 Hz, H-3"), 3.63-3.75 (m, 5 H, H-5a, H-4', H-5”, H-6'b, H-6"b), 3.54-3.61 (m, 4 H,
H-5b, H-5’, H-4", octyl OCH,), 3.44 (dt, 1 H, J = 7.0, 9.7 Hz, octyl OCH,), 1.58-1.65 (m, 2 H, octyl CH,),
1.23-1.29 (m, 10 H, octyl CH,), 0.87 (t, 3 H, J = 6.1 Hz, octyl CH,); "*C NMR (125.8 MHz, D,0) 5. 102.8
(C-1","Joy = 170.7 Hz), 101.4 (C-1, Uy, = 174.4 Hz), 98.7 (C-1", ', = 171.8 Hz), 80.0 (C-4), 79.2 (C-

H

2%), 76.6 (C-3), 75.1 (C-2), 73.5 (C-5"), 73.3 (C-5"), 70.8 (C-3"), 70.6 (C-3"), 70.4 (C-2"), 69.1 (C-5), 69.0

=7 7 ~ A o S 7y 07 J

CH,), 13.9 (octyl CH,). HR-FAB-MS calcd for C,;H,,O,; [M + Na]* 609.2734, found 609.2717.

7 [3

Octyl 2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl-( 1 —2)-3,4,6-tri-O-benzyl-o-D-mannopyranosyl-

-
N~
N
\-— |,
Q
J\J
E-
D
S"
Ub
2
~—
™
J

(1 D)V 24 A 1)
{ (4

_ 21\ Thinoly
1—;4/ I, U-iri dj

. i e llJ.Uslj =

o

coside 8 (35 mg, 0.09 mmol), msacchdrlde 20 (80 mg, 0.06 mmol) and powdered 4 A molecular sieves (120
mg) were piaced in a round-bottom fiask and dried overnight in vacuo. The above mixture was dissoived in dry
CH,Cl, (10 mL) and the mixture was cooled to -40 °C and stirred for 10 min. N-iodosuccinimide (20 mg, 0.09
mmol) was added and the reaction was stirred for 20 min before the addition of silver triflate (5 mg, 0.02 mmol).
The reaction mixture was allowed to gradually warm to O °C and was then quenched by the addition of
triethylamine (0.3 mL). The yellow solution was filtered, diluted with CH,Cl, (15 mL), washed with a saturated
Na,S,0, solution (2 x 15 mL) followed by brine (20 mL) and water (20 mL). After drying (Na,SO,), it was

under vacuum to a lieht v ye ellow syrup, which was pl_]rified hv chromatography (85:15

{ 4
.40 (m, 19 H, H-1, H-17, H-1”, 16 x CH,Ph), 3.60-4.
2, H-3', H-4', H-5, H-6'a, H-2”, H-3", H-4”, H-5", H-6"a, H- 6"b H- 5"' H- 6’”a H-6""b, octyl OCH2)
3.47 (dd, 1 H, Jy ¢, = 5.6, Jg, ¢, = 10.0 Hz, H-6'b), 3.31 (dt, | H, J = 6.9, 9.8 Hz, octyl OCH,), 2.11 (s, 3

OCOCH,), 1.9 (s, 3 H, OCOCH,), 1.98 (s, 3 H, OCOCH,), 1.95 (s, 3 H, OCOCH,), 1.50-1.57 (m, 2 H,
octyl CH,), 1.23-1.33 (m, 10 H, octyl CH,), 0.87 (t, 3 H, J = 6.3 Hz, octyl CH,); °C NMR (75.5 MHz,
CDCL,) 8, 170.1, 169.8, 169.7, 169.6 (C=0), 138.5, 138.4, 138.4, 138.3, 138.1, 137.8, 128.9, 128.4,
128.3, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.7, 127.6, 127.5, (Ph), 100.5 (C-1""), 100.3 (C-

1), 99.2 (C-1%), 98.9 (C-1), 84.3, 83.6, 79.8, 79.5, 79.3, 76.8, 75.2, 75.1, 75.0, 74.8, 74.7, 73.4, 73.3

131 [y Xo TV 4 YA N 2 lwis s ] 719 1 7 ] z0 &£ r4¢%s) 0 1 £0 O L0 N Y o < DY S, —1 L1 M PgEyEn. |
/3.1, 14£.0, 1449, 4.0, 4.4, (4.1, V.4, UJ. U, VY.L, V7.1, V0.7, VO.U, UL.1 (IIF dllU DCNZYIIC LU, OCLYI
OCH,), 31.9, 29.5, 29.5, 29.3, 26.2, 22.7 (octyl CH,), 20.9, 20.7, 20.6 (OCOCH,), 14.1 (octyl CH,). HR-
MALDI-MS calcd for CyH,,,0,,[M + Na]" 1659.7441, found 1659.7504.
Nnts] e FY 213283 43 5aa0 30720 A O J 4T )\ rv_ N nnyeamaon I LT _ Vv Dosannnnuranncul 118V 2 N_ave
l/Llyt w-Ls- I'ltull’l(l[})’l unuoyb ( I =74 )" Lr IIMILILUII ys uuu.)_yL (4 =74 ) AT LITFIUiriy, IultUn)’yL'q P _IJj'P'U'uI =
PAY A VYée mm o AN e B2 e o 1. . ol ~1 71 T o]

binofuranoside (6). A solution of 21 (75 mg, 0.05 mmol) was dissolved in methanol (10 mL) and then 3 drops
of IM NaOMe was added. The mixture was allowed to stir overnight and then concentrated to a syrup, which
was purified by chromatography (19:1 CH,Cl,:CH,OH) to obtain 22 (66 mg, 90%). To a solution of 22 (66
mg, 0.045 mmol) in methanol (8 mL) was added 10% Pd/C (15 mg). The mixture was stirred overnight under
an H, atmosphere and the catalyst was separated by filtration and washed with CH,Cl, (10 mL). After
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: .2 Hz, H-1), 498 (d, 1 J,l.—ISHz
H-1"),493 (d, | H, J,,=4.6 Hz, Ho1 ), 4.03-4.07 (m, ) H, H-2, H-2"), 3.99-4.02 (m, 2 H, H-3, H-2"),
3.93 (ddd, 1 H, J,, = 7.1, J,5, = 3.0, J,, = 6.9 Hz, H-4), 3.87-3.90 (m, 3 H, H-2’, H-3', H-3"), 3.81-3.84
(m, 3 H, H-6a’, H-62", H-62"), 3.79 (dd, 1 H, J,..y. =33, J;. .. = 9.6 Hz, H-3"), 3.75-3.63 (m, 8 H, H-5a,
H-4, H6b", H-4”, H-6b”, H-4"", H-6b"", octyl OCH,), 3.53-3.61 (m, 4 H, H-5b, H-5", H-5", H-5") 3.42

(dt, 1 H, J = 6.6, 9.5 Hz, octyl OCH,), 1.58-1.64 (m, 2 H, octyl CH,), 1.22-1.29 (m, 10 H, octyl CH,), 0.86
N * $3 ’ ~273 AN ? ’ J 27 - \ ¥ LAY J 2 SRR Sy e
(01T T A2y antel CHY-BONMBR (IS MH DOV S M7 (C_ 1777 17 - 16072 .\ 101 1 (1
\l, ALy J Ul L1lLy ULLY \,_llf{[, N LNAVAIN | L &n O VL AL, UZU} UC AL T \\., i 3 "C,H - 1UF.J 11L), 1U1.0 \\, 1,
!l __1"1“']" Y 1Nt 1 7 122 17 —_— YL O TT_N NnQ "1 s 17 1y _1‘ll\r\‘l"l'A\ QN N srv A ¢ s VL o e VAN ~O
Jew = 1745 HZ), 1UL.1 (L-17, Joy = 107.0 0Z), Jo.7 (L-1', Joyy = 170.U 11Z), 80U (C-4), /9.5 (C-27), /9.3
(C-2"), 76.5 (C-2), 75.0 (C-3), 73.6 (C-5"), 73.5 (C-5""), 73.3 (C-5"), 70.8 (C-3""), 70.6 (C-3"), 70.5 (C-

27, 70.4 (C-3"), 69.1 (C-5), 69.0 (octyl OCH,), 67.5 (C-4""), 67.2 (C-4), 67.2 (C-4"), 61.6 (C-6""), 61.5
(C-6), 61.2 (C-6"), 31.5, 29.1, 28.9, 28.8, 25.7, 22.4 (octyl CH,), 13.8 (octyl CH,). HR-FAB-MS calcd for
C,,H;,0,, [M + Na]*749.3443, found 749.3470.
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