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ABSTRACT

Reported is a novel stereoselective �-arabinofuranosylation that makes use of a conformationally restricted 2,3-O-xylylene-protected arabinofuranosyl
donor. Optimization of the reaction conditions showed that factors including the structure of the acceptor alcohol, substrate concentration, and
protecting group on O-5 of the donor affect the stereochemical outcome of the glycosylation. To demonstrate the utility of the methodology, the
synthesis of an oligosaccharide fragment from the mycobacterial cell wall polysaccharide lipoarabinomannan was carried out.

The development of stereoselective glycosylation methods
has attracted significant attention given the essential role
of carbohydrates in biology.1 To date, many innovative
glycosylation methodologies have been developed;2 how-
ever, most of these address the preparation of pyranose
glycosides.3 In contrast, studies on stereoselective fura-
nosylation have been more limited.4 There is nevertheless
a need for methods that enable the preparation of furano-
sides in a stereoselective manner, given the critical role

that glycoconjugates containing these residues play in the
life cycle of a number of microorganisms.4,5

Furanose-containing glycans are particularly important in
Mycobacterium tuberculosis, the organism that causes tu-
berculosis (TB). This disease has received increasing atten-
tion due to the emergence of drug-resistant strains of the
bacterium.6 The M. tuberculosis cell wall consists largely
of two furanose-rich polysaccharides, the mycolyl-arabi-
nogalactan-peptidoglycan (mAGP) complex, and lipoarabi-
nomannan (LAM).7 Common to both is an arabinan domain
containing D-arabinofuranose (Araf) residues. At the termini
of these arabinan chains is a branched structure with two
�-Araf residues (Figure 1). In LAM, O-5 of these �-Araf
residues is often further capped with other species,
including short R-(1f2)-linked oligomannosides as shown
in Figure 1.8

The synthesis of mAGP and LAM fragments is essential
to provide materials for investigations that will lead to the
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identification of new drug targets and vaccines for treating
and preventing TB.9 A challenge in the synthesis of structures
of this type is stereoselectively introducing the �-Araf
linkages.4a Several innovative approaches for synthesizing
these linkages have therefore been reported, including both
direct10,11 and indirect12 methods. Among the direct methods,
the use of conformationally locked donors such as 3,5-O-
di-t-butylsilylene- and 3,5-O-tetra-i-propyldisiloxane-pro-
tected thioglycosides (1 and 2, respectively) has shown
particular promise.11

The design of 1 and 2 was inspired by Woerpel and co-
workers’ studies on the stereoselectivity of nucleophilic
attack onto five-membered ring oxacarbenium ions.13 It has
been proposed11a that the high stereocontrol seen in reactions
with 1 and 2 arises because attack of the alcohol onto a rigid
oxacarbenium ion intermediate is favored from the face
leading to the �-glycoside.

Despite the power of this approach, the tethering of the
conformationally restricting group between O-3 and O-5
complicates the synthesis of structures in which O-5 of the
�-Araf residues is further modified (see Figure 1A). We
therefore envisioned an approach to these targets in which

the conformation of the ring is locked with a 2,3-O-xylylene
group (6-8, Scheme 1).14,15 It was anticipated13 that
oxacarbenium ions generated from these thioglycosides
would adopt conformations favoring �-Araf formation. We
report here the methodology using this new donor type and
its application to the synthesis of a mycobacterial arabinan
fragment.

The 2,3-O-xylylene-protected donors were readily prepared
as illustrated in Scheme 1. Thioglycoside 316 was deacylated,
and then a TBDPS group was introduced on O-5 to afford 4
in excellent yield over two steps. Incorporation of the
xylylene group was achieved upon treatment with R,R′-
dibromo-o-xylene and NaH in DMF, and subsequent removal
of the TBDPS group gave 5 in 58% yield from 4.17 The
2,3-O-xylylene-protected donors used in this study (6-8)
were efficiently prepared from 5 under standard conditions.

We first explored the use of 6 in coupling reactions with
alcohols 9-16 (Table 1). All glycosylations were promoted
with the NIS-AgOTf promotor system18 in CH2Cl2. The
product stereochemistry was confirmed by 1H NMR spec-
troscopy in CDCl3. For the R-anomer, J1,2 is ∼2.0 Hz, while
for the �-anomer, J1,2 is ∼5.0 Hz.

The effect of acceptor concentration on reaction stereo-
selectivity19 was examined first. The glycosylations at
relatively low concentration (0.1 M, entry 2) and low
concentration (0.03 M, entry 3) proceeded smoothly and
afforded the octyl glycoside 17 in excellent yield with slight
�-selectivity. The reaction showed no selectivity when
performed at high concentration (1.0 M, entry 1).

Next, coupling reactions were performed at various
temperatures. Increasing the reaction temperature (Table 1
entry 4) did not improve the �-selectivity, and when the
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Figure 1. (A) Terminal structure of LAM arabinan. (B) Examples
of conformationally locked thioglycosides 1 and 2 used for the
stereoselective synthesis of �-Araf residues.11

Scheme 1. Preparation of 2,3-O-Xylylene-Protected Donors
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reaction was conducted at low temperature (-45 °C), the
stereoselectivity was reversed (1:5.7 �/R ratio (entry 5)). This
was also observed when other simple alcohols such as
cyclohexanol (10) and t-butanol (11) were used as the
acceptor (entries 6 and 7).

Glycosidations at -45 °C with various carbohydrate
acceptors were also examined. Reaction with primary alco-
hols 12 and 13 (entries 8 and 9) afforded predominantly the
�-glycoside. When secondary alcohol 14 was used, a slight
decrease in �-stereoselectivity was observed, while reaction
with the hindered secondary alcohol 15 showed little

stereoselectivity (entries 10 and 11). On the other hand, the
glycosylation of arabinofuranosyl acceptor 16 containing a
free C-2 hydroxyl group (entry 12) afforded the �-glycoside
in excellent yield and stereoselectivity (8.6:1 �/R ratio). This
result is of particular significance because the �-Araf-(1f2)-
R-Araf fragment is a motif present in mycobacterial arabinan.
At 0 °C, the �-selectivity of the reaction between 6 and 16
was notably reduced (entry 13). The sensitivity of the
stereoselectivity on the structure of the acceptor is unclear,
but these findings are consistent with work reported by other
groups on the synthesis of �-arabinofuranosides.10-12

Optimization of the reaction conditions for the synthesis
of the �-Araf-(1f2)-R-Araf motif was next examined (Table
2) using 16 and 6-8. The effect of solvent was studied first.

In toluene, the desired disaccharide 24 was formed in
excellent yield but with moderate stereoselectivity; in pro-
pionitrile, a 1:1 R:� ratio was obtained (entries 1 and 2).
Mong and co-workers have reported that a mixture of
CH2Cl2-CH3CN-EtCN (1:2:1) enhances �-selectivity in

Table 1. Glycosidation of 6 with Various Acceptors

a Combined yield of R- and �-isomers. b The use of 1,2-dichloroethane
as the solvent afforded the product in 99% yield with a 1.4:1 �:R ratio.

Table 2. Glycosylation of 16 with Donors 6-8

a Activator system: A, NIS-AgOTf; B, BSP-Tf2O; C, NIS-BF3 ·OEt2.
b Solvent: T, toluene; P, propionitrile; D, CH2Cl2; M, CH2Cl2-
CH3CN-CH3CH2CN (1:2:1). c Combined yield of R and � isomers. d After
3 h, AgOTf (0.15 equiv) was added. e After 2 h, TESOTf (0.20 equiv) was
added. f When carried out at -60 °C under the same conditions, the product
was obtained in 95% yield and 12.6:1 R:� selectivity.
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pyranose glycosylations.19a However, in this reaction (entry
3), the R-glycoside was obtained as the major product. These
results suggest that, unlike pyranose systems,20 the use of
nitrile solvents does not enhance �-selectivity, at least using
this donor.

Other activator systems were also examined. The coupling
of 6 and 16 promoted by 1-benzenesulfinyl piperidine and
triflic anhydride (BSP-Tf2O, entry 4)21 gave the best
�-selectivity, but the product yield decreased considerably.
Interestingly, replacement of AgOTf as the acid catalyst with
BF3 ·OEt2 (entry 5) led to the inversion of the stereoselec-
tivity, suggesting that the presence of the triflate ion may be
crucial to the �-selectivity, but the origin of this effect is
unknown and requires further study.

Finally, we studied the effect of the O-5 protecting group
in the donor. Glycosylation of 16 with 7, which has an
electron-withdrawing benzoyl group on O-5 (entry 6),
reduced the �-selectivity. In contrast with 8, which has a
more electron-rich p-methoxybenzyl (PMB) group on O-5
(entry 7), the �-selectivity was significantly increased (12.6:1
�/R ratio). Although the effect of the O-5 protecting group
on reaction stereoselectivity is not clear at present, a similar
effect has been previously reported.10b,22 In summary, this
optimization study indicates that the best results are obtained
with donor 8, using NIS-AgOTf activation in CH2Cl2 at
-45 °C.

Having optimized the formation of the �-Araf-(1f2)-R-
Araf motif, we targeted the synthesis of a fragment of
mycobacterial LAM (35, Scheme 2). The synthesis started
from diol 2723 and thioglycoside 28.23 Treatment of these
compounds with NIS-AgOTf afforded R-arabinofuranosyl
trisaccharide 29 in excellent (91%) yield. Subsequent de-
benzoylation with NaOCH3 gave trisaccharide 30 in 84%
yield. Glycosylation of 30 with 8 was conducted under the
optimized reaction conditions described above to afford
pentasaccharide 31 in 65% yield; the minor glycoside
isomers formed in this reaction were neither isolated nor
characterized. Next, exposure of 31 to DDQ provided a
79% yield of pentasaccharide diol 32. Final glycosylation
of 32 with 3324 afforded heptasaccharide 34 in 73% yield.
The stereochemistry of the mannopyranosides was con-
firmed by the magnitude of the JC1,H1 for these residues.
The value obtained for both rings (174 Hz) supports
R-configuration.25 Finally, debenzoylation of 34 and
subsequent hydrogenolysis of benzyl and xylylene groups
furnished the desired target 35 in 80% yield over the two
steps.

Although syntheses of mannose-capped LAM structures
have been reported,26 only a few have contained the �-Araf
residues.26c-e The methodology described here is ideal for
the synthesis of targets of this type as it allows the

introduction of the �-Araf moiety with high selectivity and
the product of this reaction can easily be converted into
derivatives possessing the capping motifs.8

In conclusion, a novel direct method for �-selective arabino-
furanosylation employing a 2,3-O-xylylene-protected Araf donor
has been developed. It was found that the glycosylation
stereoselectivity was dependent on the reaction conditions, and
in particular, the use of a 5-O-PMB-type donor was essential.
The methodology was easily applied to the synthesis of a
fragment of mannose-capped mycobacterial LAM.
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Scheme 2. Synthesis of a Heptasaccharide Fragment in LAM
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