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ABSTRACT

The unexpectedly high reactivity of a (2-benzoxazolyl) per- O-benzoyl- â-D-thioglucoside and related donors in reactions promoted by copper(II)
trifluoromethanesulfonate is revealed, by comparison with the unreactive r-anomer, to be the result of neighboring group participation. Revision
of the armed −disarmed concept for glycosyl donors is not required.

According to the armed-disarmed concept of Fraser-Reid
glycosyl donors protected with ether protecting groups are
armed and can be activated in the presence of disarmed
donors carrying ester protecting groups.1 This seminal
concept builds on the observations of earlier workers in the
field,2 is widely applied in modern oligosaccharide synthesis,3

and is at the heart of the one-pot oligosaccharide protocols
developed by the Ley and Wong groups.4 Mechanistically,
the effect is readily understood in terms of the destabilization
of positive charge, whether full or partial, at the anomeric

center in the course of most glycosylation reactions by
electron-withdrawing protecting groups. Recently, it was
observed that while the perbenzyl donor1 in the series of
benzoxazolyl thioglycosides1-5 was the most reactive as
expected on the basis of the armed-disarmed rationale, the
2-O-benzylS-benzoxazolyl glycosides2 and 3 were less
reactive than the corresponding 2-O-acyl donors4 and5 on
activation with copper(II) triflate (Figure 1).5

Similarly, it was found inter alia that the disaccharide6
could be activated with copper(II) triflate in the presence of
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Figure 1. Donor reactivity sequence with Cu(OTf)2.
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the acceptor7 giving a 70% yield of trisaccahride8 (Scheme
1) in apparent contravention of the armed-disarmed concept.

A rationale was advanced based on the differential
stabilization of a fully developed positive charge (oxacar-
benium ion) at the anomeric center by the protecting groups
at O2 and/or O6, and on the changing ability of the “O5
lone pair” to eject the leaving group from the anomeric center
according to the nature of the O6 protecting group.5 It
occurred to us that the at first sight unusual reactivity patterns
of Figure 1 and Scheme 1 are better explained on the basis
of classical anchimeric assistance, and, if so, that they would
be dependent on the anomeric configuration. We report here
on the results of our investigation and confirm that neighbor-
ing group participation is the underlying cause of the
observed reactivity sequence.

TheR-analogue (11) of 2was synthesized from the known
bromide96 by hydrolysis to the pyranose and subsequent
Mitsunobu reaction with benzoxazolethiol (Scheme 2).

In a similar manner 2,3,4,6-tetra-O-benzoyl-D-glucopyra-
nose127 was transformed into a separable mixture of theR-
andâ-SBox glycosides13and4, and theR-NBox glycoside
14 (Scheme 3). Theâ-SBox donors1 and2 were prepared
according to the literature protocols.8

The identity of donors11 and13 as theR-SBox deriva-
tives, as opposed to the corresponding NBox derivatives (e.g.,
14), was determined by inspection of the13C NMR spectra
in which C2 of the benzoxazole is found aroundδ 160 as

compared to the more downfield shift of this carbon
resonance in the N-glycosides (δ ∼178), consistent with the
thiocarbonyl nature of the latter system. These assignments
were confirmed by the UV spectra, which showed the
anticipated differences between 2-alkylthiobenzoxazoles and
N-alkylbenzoxazol-2-thiones.9

A series of reactions were then conducted in which donors
1, 2, 4, 11, and 13 were activated with Cu(OTf)2 in
dichloromethane at room temperature in the presence of 5
Å molecular sieves10 and 1,2;3,4-di-O-isopropylidene-R-D-
galactopyranose, essentially according to the original condi-
tions. The results obtained with donors1, 2, and4 (Table 1)
conform to the pattern reported previously (Figure 1). Thus,
the perbenzyl donor1 was the most reactive and was
consumed within 2 h (Table 1, entry 1), whereas the
perbenzoyl system4 required 14 h (Table 1, entry 2). The
2-O-benzyl-3,4,6-tri-O-benzoyl-â-SBox derivative2 was
recovered in 85% yield after 14 h in a reaction that afforded
only 14% of the anticipated glycoside (Table 1, entry 3).
Turning to theR-SBox donors11 and13, the 2-O-benzyl-
3,4,6-tri-O-benzoyl-R-SBox system11 showed comparably
poor reactivity to itsâ-anomer (Table 1, entry 4), whereas
the per-O-benzoyl R-SBox donor13 was completely un-
reactive under these conditions (Table 1, entry 5).

The complete contrast in reactivity of theR- and â-
anomers of the perbenzoyl donors4 and13 (Table 1, entries
2 and 5) is informative, especially when viewed alongside
the very similar reactivity of the two anomers of the 2-O-
benzyl-3,4,6-O-benzyl system2 and11 (Table 1, entries 3
and 4). We conclude that the enhanced reactivity of donor4
with respect to itsR-isomer13 is simply a manifestation of
the weak promoting system (copper(II) triflate) being assisted
by participation of the 2-O-benzoate ester. Thus, unlike the
case of the fully armed per-O-benzyl ether, the promoter is
unable to cause departure of the anomeric leaving group from
the formally more disarmed donor4 without participation
by the ester group. When participation is stereoelectronically
prevented, as in the case of13, no reaction occurs at all.
The 2-O-benzyl-3,4,6-O-benzoyl systems, both of which are
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Scheme 1. Trisaccharide Synthesis

Scheme 2. Synthesis of theR-SBox Donor8

Scheme 3. Synthesis of theR-SBox Donor13
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moderately disarmed, but which cannot benefit from neigh-
boring group participation from the 2-position, show the
anticipated reactivity between1 and13. It is anticipated that
with stronger Lewis acids capable of promoting ionization
without the need for neighboring group participation the
reactivity order of the equatorial donors1-5, and of donors
6 and7, will revert to that predicted by the armed/disarmed
hypothesis.

Comparable effects have been observed previously in
carbohydrate chemistry. For example, Paulsen and Herold
reported thatâ-glucosyl pentacetate18 underwent reaction
with antimony pentachloride to give a dioxolenium ion19
and subsequent rearrangement products, under conditions in
which the correspondingR-anomer20was unreactive (Figure
2).11 Under the same conditions, the more reactive chlorides
21 and22 were consumed irrespective of anomeric config-
uration. Konradsson studied the relative rates of reaction of

a series of pentenyl glycosides and reported, inter alia, that
the per-O-benzyl systems23 and24 showed only a 1.7-fold

difference in reactivity favoring theâ-isomer. In contrast,
in the peracetylated systems25 and 26 the â-anomer was(11) Paulsen, H.; Herold, C.-P.Chem. Ber.1970,103, 2450-2462.

Table 1. Coupling Reactions with 1,2;3,4-Di-O-isopropylidene-R-D-galactopyranosea

a All reactions were conducted in dichloromethane at room temperature with stoichiometric amounts of donor and acceptor, 2.4 equiv of Cu(OTf)2, and
in the presence of 5 Å molecular sieves

Figure 2. Literature examples of the phenomenon.
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found to be 5.2 times more reactive than itsR-isomer (Figure
2).12 Both groups attributed the enhanced reactivity of the
2-O-acetate protectedâ-configured donors to neighboring
group participation by the ester.

We conclude that the unusual reactivity sequence reported
for donors 1-5 on promotion with copper(II) trifluo-
romethanesulfonate is the result of a weakly promoted system
being facilitated by neighboring group assistance from an
ester. The acceleration of solvolysis reactions by antiperi-

planar vicinal ester groups is one of the classical concepts
of physical organic chemistry from which carbohydrates are
not immune.13 Revision of the seminal armed-disarmed
concept is not required.
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