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A reliable and generally applicable direct method for the stereoselective p-arabinofuranosylation employing a2 '-carboxybenzyl arabinofuranoside
as the glycosyl donor has been established. The acyl-protective group on glycosyl acceptors is essential for the [-stereoselectivity. The
power of the present acceptor-dependent glycosylation method was demonstrated by the efficient synthesis of the octaarabinofuranoside in
arabinogalactan and lipoarabinomannan found in mycobacterial cell wall.

The development of efficient and stereoselective glycosyl- sulfoxides? glycals® n-pentenyl glycoside$and glycosyl
ation methodologidshas attracted a great deal of attention fluoride$ are available, the stereospecific formation of certain
in recent years due to the biological significance of many glycosyl linkages such ag-b-mannopyranosyl ang-p-
complex oligosaccharides and glycoconjugét&he selec- arabinofuranosyl! linkages still poses a great challenge.
tion of proper glycosyl donors is one of the crucial factors

that determines the efficiency and stereoselectivity of gly-  (3) schmidt, R. R.; Kinzy, WAdw. Carbohydr. Chem. Biocherh994,

cosylations. Although several efficient glycosyl donors such 50'(42)18123' b, Jdu. Carbohvdr. Chem. Biochert997 52 179205

. P . . aregg, P. JAdy. Carpbonyar. em. bloche , 02, - .
as glycosyl trichloroacetimidatéghioglycosides,glycosyl (5) (a) Kahne, D.: Walker, S.. Cheng, Y. Engen. D.J.Am. Chem.
S0c.1989,111, 6881—6882. (b) Gildersleeve, J.; Pascal, R. A., Jr.; Kahne,
(1) (@) Toshima, K.; Tatsuta, KChem. Re»1993,93, 1503—1531. (b) D. J. Am. Chem. S0d.998,120, 5961—5969.

Boons, G.-J.Contemp. Org. Synth996, 173—200. (c) Davis, B. Gl (6) Danishefsky, S. J.; Bilodeau, M. Angew. Chem., Int. Ed. Engl.
Chem. Soc., Perkin Trans.2000, 2137—2160. 1996,35, 1380—1419.

(2) (a) Varki, A.Glycobiology1993 3, 97—130. (b) Dwek, R. AChem. (7) Fraser-Reid, B.; Madsen, R. Rreparative Carbohydrate Chemistry
Rev. 1996 96, 683-720. (c) Dwek, R. A.; Butters, T. DCChem. Re. 2002 Hanessian, S., Ed.; Marcel Dekker: New York, 1997; pp-3396.
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Several strategies for the stereoselegfiveannopyranosyl-
ation have been developed in recent y8avbereas reliable,
direct methods for the construction gfarabinofuranosyl

linkages have not yet been established. Thioarabinofurano-8n©
sides have been used as glycosyl donors for the synthesis of
pentaarabinofuranosides and hexaarabinofuranosides contain-

ing 5-p-arabinofuranosyl linkag€e'$,but they are not gener-
ally applicable forj-arabinofuranosylation with a range of
glycosyl acceptors (flas 4.5:1) Indirect methods such
as the internal aglycon delivery metdédand Lowary’s
method employing 2,3-anhydrolyxofuranosyl glycosides
have been utilized as alternatives for the synthesi§-bf
arabinofuranosides. Direct methods for the construction of
the -arabinofuranosyl linkage would be more efficient and
practical than indirect methods. An added impetus to develop
efficient methods for the preparation @foligoarabinofura-

Scheme 1. Synthesis of CB Arabinofuranosidi
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nosides comes from their presence in arabinogalactan and aTFA = trifluoroacetic acid, Br= benzyl, Bz= benzoyl.

immunogenic lipoarabinomannan found in mycobacterial cell

walls. Clearly, the synthesis of these oligoarabinofuranosides
could greatly contribute to the development of new thera-

way of the p-arabinofuranosyl chloride by the following

peutic agents against tuberculosis and other mycobacterialsequence: (i) hydrolysis df with HCI in acetic acid, (ii)

infections!* We have previously introduced-2arboxybenzyl
(CB) glycosides as glycosyl donors f@rmannopyranosyl-
ationt® and 2-deoxys-glucopyranosylatiof€ We applied this
CB glycoside methodology to the direct construction of the
pB-arabinofuranosyl linkage and herein report a generally
applicable and highly stereoselective methodfFarabino-
furanosylation, in which the stereoselectivity is achieved by
properly choosing protective groups on the glycosyl accep-

acetylation of the resulting anomeric OH with acetic
anhydride—pyridine to give acetas (iii) anomeric chlo-
rination of 5 with HCI gas in methylene chloride, and (iv)
coupling of the resulting crude arabinofuranosyl chlotide
with 2 in the presence of HgBand Hg(CN} in acetonitrile.
Selective hydrogenolysis of the benzyl ester functionality in
BCB arabinofuranoside3 was readily achieved in the
presence of ammonium acetate to afford the desired CB

tors. We also report the synthesis of an octaarabinofuranosidearabinoside4 in 89% yield. CB 3,5-di©-benzoyl-2-O-

found in mycobacterial arabinogalactan and lipoarabinoman-
nart* by employing this acceptor-dependgharabinofura-
nosylation method.

CB tri-O-benzylp-arabinofuranosidet was efficiently
prepared from methyl t®-benzylp-arabinofuranosidd.
Treatment ofl with acetyl bromide in trifluoroacetic acid
and subsequent coupling of the resulting crude arabinofura-
nosyl bromide with benzyl 2-(hydroxymethyl) benzoate (2)
afforded 2-(benzyloxycarbonyl)benzyl (BCB) t®-benzyl-
p-arabinofuranosid@ (a/f = 4:1) as shown in Scheme 1.
The purea-anomer of3 could also be prepared frofhby
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benzylarabinofuranosid&was also prepared in like fashion
(see Supporting Information).

Glycosylations of various acceptors with the arabinofura-
nosyl donor4'® were carried out by dropwise addition of a
diluted solution of 1.5 equiv of TO in CH,CI, to a solution
of 1.0 equiv of4, 1.5 equiv of the acceptor, and 3.0 equiv
of 2,6-di-tert-butyl-4-methylpyridine (DTBMP) in C¥Cl,
at—78°C. The reaction mixture was stirred for an additional
1 h at—78°C and allowed to warm ovel h to 0°C. The
result of the glycosylation was unprecedented and exciting
in terms of the stereochemistry of products. Thus, reaction
of the donor4 with acceptor7 having benzoyl-protective
groups affordegb-disaccharide21 almost exclusively f/o
= 99:1) in 97% vyield (entry 1 in Table 1), while the same
reaction with acceptoi2 having benzyl-protective groups
gave a mixture ofr- and -disaccharide®6 (f/a = 7:1)
(entry 6). Further examples clearly showed that the protective
group of glycosyl acceptors was the crucial factor determin-
ing the outcome of the stereochemistry in glycosylations with
4. Regardless of pyranoses or furanoses and of primary
alcohols or secondary alcohols, glycosylations of acceptors
having benzoyl-protective group8;-11, with the dono#
affordedg-disaccharides either exclusively or predominantly

(17) Subramaniam, V.; Lowary, T. LTetrahedron1999 55, 5965-
5976.

(18) Regardless of the anomeric stereochemistrg, gfurea-anomer,
or a mixture ofa- andj-anomers (4:1), the yield and the stereochemistry
of the arabinofuranoside produced in the glycosylation were virtually
identical.
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Table 1. Glycosylation with CB Arabinofuranosidesand 6
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aDetermined after isolatior?. Determined by HPLC using Nova-Pak C18 colurietermined by*H NMR.

(Blo. > 20:1) in high yields (entries 2—5), whereas the donor4 afforded predominantly-disaccharide81 (5/o. =
[-stereoselectivity in glycosylations of acceptors having 38:1) and32 (5/o. = 40:1), respectively (entries 11 and 12).
On the other hand, the glycosylation of accept®having
less pronounced (f/a. < 11:1) (entries 7—10). We also two isopropylidene groups with the dondr afforded a
examined the influence of other protective groups in the mixture of a- and-disaccharide83 (5/a. = 6.1:1) (entry
glycosyl acceptor on the stereochemistry of the glycosylation 13). Glycosylation of hindered alcoh@D with 4 afforded
only -arabinofuranosid84 (entry 14), whereas glycosyla-
and of acceptodl8, having a benzylidene group, with the tions of primary alcohols, 1-octanol, artlwith 4 gave

benzyl-protective group4,3—16, with the dono® was much

product. Glycosylations of acceptb¥, having acetyl groups,
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mixtures ofa- andg-arabinofuranosides (entries 15 and 16). || NG

Glycosylations with the CB dibenzoylarabinofuranostie
as a donor, however, were not as stereoselective asdwith
(entries 17—19).

We have applied this acceptor-depengieatabinosylation
method to the synthesis of octaarabinofurano$geBCB
and CB arabinoside building block9, 40, and 41 were
readily prepared from known compounds in a method similar
to that for the BCB and CB arabinosidéand4 (Supporting
Information). Reaction of CB arabinofuranosy! dof3&and
acceptor10 under the standard glycosylation conditions
affordeda-arabinofuranosyl disaccharidi in 84% yield,
and subsequent removal of the levulinyl group4@fwith
hydrazine gave alcohdi3 as shown in Scheme 2. Repetitive
glycosylation of the disaccharid8 as an acceptor with the
arabinofuranosyl donoB9 gave a-trisaccharide44, which
was converted into the trisaccharide accegfoby removal
of its levulinyl group with hydrazine. Glycosylation of the
diol 41 with 2 equiv of the glycosyl donod0 afforded
o-trisaccharide46 in 84% vyield without any problems.
Deprotection of the two levulinyl groups #6 with hydrazine
gave diol47, in which the benzoyl group was utilized as the
protective group for acceptor-dependgrarabinofuranosyl-
ation in the next step. The crucial doulflearabinofurano-
sylation of diol47 with 3.7 equiv of the arabinofuranosyl
donor4 proceeded smoothly under the standard conditions _
to afford pentaarabinofuranosio#8 in 82% vyield with

LevO

Scheme 2. Synthesis of Octaarabinofuranosifig®
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completes-selectivity. Noo-glycosides were detected at all
in the reaction mixture. The latent BCB arabinofuranoside
48was converted into the active CB arabinosi®e Coupling

of the pentaarabinofuranosyl doné® and the triarabino-
furanosyl acceptod5 afforded protected octaarabinofura-
noside50in 83% yield. Debenzoylation &0 with sodium
methoxide followed by hydrogenolysis of the resulting
partially benzyl-protected octaarabinfuranostdeafforded
the desired octaarabinofuranosis2.

In conclusion, we have established a reliable and generally
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