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ABSTRACT

Recently, we discovered a novel method for “superarming” glycosyl donors. Herein, this concept has been exemplified in one-pot oligosaccharide
syntheses, whereby the superarmed glycosyl donor was chemoselectively activated over traditional “armed” and disarmed glycosyl acceptors.
Direct side-by-side comparison of the reactivities of the classic armed and superarmed glycosyl donors further validates the credibility of the
novel concept.

Thanks to the enormous progress that has been made in the
area of synthetic and analytical chemistry, many classes of
organic compounds are now accessible by widely applicable
methods. Carbohydrates of even moderate complexity,
however, still present a considerable challenge. Over the
years, glycoscientists have learned to isolate certain classes
of naturally occurring glycostructures. The availability of
pure natural isolates, however, is still too inadequate to keep
pace with the rapidly growing field of glycobiology.1

Furthermore, along with the exigent problems associated with
the isolation, purification, handling, and characterization of
glycostructures, their considerable instability frequently
results in erroneous structural assignments. Inevitably, these

errors often lead to the misinterpretation of their functions.
As a result, glycoscientists have turned to chemical and
enzymatic synthesis as a means to access complex carbo-
hydrates. Ideally, the efficient chemical synthesis of carbo-
hydrates should yield significant quantities of pure natural
analogues. Moreover, only the synthetic approach offers the
means to access unnatural mimetics that are often needed
for screening purposes. As such, the development of efficient
methods for stereoselective glycosylation2 and expeditious
assembly of complex oligomers3 remains an important area
of research.

In the expansion of our studies on how protecting groups
effect the reactivity of the anomeric leaving groups, we
discovered that the strategic placement of common protecting
groups leads to a new method for “super-arming” glycosyl
donors.4 Conceptualized from our studies on the O-2/O-5
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Cooperative Effect,5 it was determined that S-benzoxazolyl
(SBox) glycosides possessing both a participating moiety at
C-2 (benzoyl) and remote benzyl substituents that electroni-
cally arm the lone pair at O-5 (e.g., glycosyl donors 1-3,
Figure 1) are exceptionally reactive.4 Proving to be even

more reactive (superarmed)6 than the traditional per-benzy-
lated (armed) glycosyl donors, these building blocks possess
the desirable quality of being both arming and participating
glycosyl donors, traits not commonly found in other systems.7

Among the most attractive strategies for oligosaccharide
synthesis is Fraser-Reid’s chemoselective (armed-disarmed)
approach, which allows for the synthesis of a cis-trans
patterned oligosaccharide sequence through the use of only
one type of anomeric leaving group. The reactivities of the
building blocks involved in such chemoselective activations
are differentiated by the electronic characteristics of their
protecting groups.8 This strategy is based on the commonly
accepted belief that benzylated derivatives are always
significantly more reactive than their benzoylated counter-
parts,9,10 and furthermore, it is thought that this effect
predominates from the neighboring substituent at C-2.10,11

Additionally, the overall glycosyl donor reactivity is pre-
sumed to be in direct correlation with the total number of
benzyl substituents.9,10

In this context, the discovery of the superarmed SBox
glycosides was somewhat surprising.4 Previously, a number
of glycosyl donors bearing the 2-O-benzoyl-3,4,6-tri-O-
benzyl protecting group pattern have been investigated,

including thioglycosides,12–17 O-pentenyl glycosides,18,19

fluorides,16,19,20 trichloroacetimidates,21 hemiacetals,22 and
phosphates23,24 to name a few. Although these building
blocks have been probed in various expeditious12,14,23 and
one-pot16,17,20 approaches for oligosaccharide synthesis, to
the best of our knowledge no direct evidence of these
glycosyl donors being more reactive than their benzylated
counterparts has emerged. Therefore, numerous glycosyl
donors bearing this protecting group pattern have been
considered disarmed14,17,18 or “partially disarmed”.19 On a
few occasions, their reactivity has even been quantified and
determined to be lower than that of the corresponding
benzylated derivatives.18,25 It should be noted, however, that
this protecting group pattern is predominantly used due its
relatively simple synthesis via common orthoesters or glycals,
as well as for its flexibility in selectively liberating 2-OH
by deacylation for subsequent glycosylations. Application
to glycosyl donors of the D-manno series in the synthesis of
(branched) polymannans is arguably the most representa-
tive.13

In an attempt to further broaden the scope and application
of this novel superarmed concept, we proceeded to investi-
gate whether the enhanced reactivity of our superarmed
donors 1-3 was sufficient to allow for direct chemoselective
couplings. For the purpose of this study, we chose disarmed
glycosyl acceptors 5 and 6, as well as armed benzylated
building blocks 7-9, all bearing the same leaving group
(SBox). The key results of these preliminary studies are
summarized in Table 1. We already demonstrated that armed
glycosyl donor 4 can be activated over disarmed glycosyl
acceptor 5 to afford disaccharide 10 in 65% yield (entry 1,
Table 1).5 Expectedly, the superarmed glycosyl donor 1 also
smoothly reacted with acceptor 5 to afford the corresponding
disaccharide 11 in 72% yield (entry 2). Ultimately, the
superarmed concept was validated by the direct coupling of
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Figure 1. Superarmed glycosyl donors.
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the superarmed glycosyl donor 1 and benzylated (“armed”)
acceptor 7. As in the previous coupling, no self-condensation
products were detected, and disaccharide 12 was isolated in
70% yield (entry 3).

The superarmed galactosyl donor 2 corroborated the
previous result: its coupling with benzylated galactosyl
acceptor 8 afforded the corresponding disaccharide 13 in 80%
yield (entry 4). To ensure successful coupling, the reaction
temperature was lowered to -20 °C, so as to minimize the
competing side reaction of the isomerization of galactosyl
donor 2 into its corresponding unreactive N-linked (NBox)
counterpart.5 Coupling between the superarmed mannosyl
donor 3 and benzylated mannosyl acceptor 9 was somewhat
less efficient. Although no self-condensation products were
observed, the disaccharide 14 could only be isolated in 51%
yield (entry 5). The only additional compound recovered after
2 h was the unreacted glycosyl acceptor 9 (30%). We believe
that this complication derives from the less significant
difference of the reactivity between mannosyl donor 3 and
its per-benzylated counterpart.4 In lieu of this result, the
additional glycosylation of the disarmed mannosyl acceptor
6 with the superarmed mannosyl donor 3 was performed.
This reaction was straightforward and afforded the anticipated
disaccharide 15 in 90% yield.

Additionally, sequential trisaccharide syntheses were car-
ried out with the use of the superarmed glycosyl donor 1,
thus allowing us to introduce a 1,2-trans linkage prior to
otherlinkages.Thisisnotpossibleintheclassicarmed-disarmed
approach. In the first sequence, we performed a stepwise
coupling of building blocks 1 and 7, and the isolated
disaccharide 12 was reacted with glycosyl acceptor 1626 at
room temperature, to afford trisaccharide 17 in 60% overall
yield (Scheme 1). The same sequencing could also be
performed in a one-pot fashion without isolating the inter-
mediate. In this case, trisaccharide 17 was isolated in a 74%
yield. Similarly, a one-pot synthesis of the trans-trans-linked
trisaccharide 18, from building blocks 1, 5, and 16, was
accomplished in 83% overall yield.

As a verification of these results, we also deemed it
necessary to carry out a series of competitive glycosylations,
wherein both the armed and superarmed donor, 4 and 1,
respectively, would be placed in the same reaction vessel
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Table 1. Chemoselective Activation of Superarmed Donors 1-3 over Glycosyl Acceptors 4-827
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with the glycosyl acceptor 16. Upon addition of the promoter
(DMTST), the two glycosyl donors would then compete to
react with the glycosyl acceptor 16. As depicted in Scheme
2, the superarmed glycosyl donor 1 was clearly significantly
more reactive than its per-benzylated analogue 4 and led to
the formation of the corresponding disaccharide 19 which
contained only trace (<5%) amounts of disaccharide 20 for
a combined yield of 95%. In addition, the unreacted glycosyl
donor 4 was recovered in 87% yield.

In conclusion, we have discovered that this new concept
for superarming glycosyl donors through the use of common
protecting groups allows for the expansion of the classic

armed-disarmed strategy. These easily accessible super-
armed glycosyl donors offer an entirely 1,2-trans stereose-
lective glycosidation. Consequently, the novelty of having
both an armed and a 1,2-trans directing glycosyl donor
makes this approach a very useful concept in many practical
applications. Although not covered by the scope of these
preliminary studies, it is expected that these super-reactive
glycosyl donors can be applied in cases of difficult glyco-
sylations, wherein classic per-acylated glycosyl donors fail.
In combination with our previous studies on the O-2/O-5
cooperative effect, this superarmed glycosyl donor offers
further significance, as it has allowed for the development
of a versatile tool kit, consisting of both R- and �-directing
armed glycosyl donors, as well as both R- and �-directing
disarmed glycosyl donors, respectively. Future studies on the
superarmed glycosyl donor concept are currently underway
in our laboratory.
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Scheme 1. Chemoselective Sequential Synthesis of Trisaccharides 17 and 18

Scheme 2. Competitive Glycosidations of Glycosyl Donors 1
and 4 with Glycosyl Acceptor 16 in the Presence of DMTST
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