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ABSTRACT

A very elegant Fraser-Reid armed-disarmed approach recently expanded to the building blocks of the superarmed and superdisarmed
series shows very high utility in chemoselective oligosaccharide synthesis. Although a number of studies dedicated to the chemoselective
activation of 2-amino-2-deoxysugars have emerged, little remains known about how the reactivity of the armed/disarmed building blocks
of the neutral sugars directly compares to that of their 2-aminosugar counterparts. A preliminary study of this comparative reactivity
is presented.

The involvement of complex carbohydrates in a wide variety
of disease-related cellular processes has given this class of
natural compounds tremendous diagnostic and therapeutic
potential. While scientists have been able to successfully isolate
certain classes of natural polysaccharides and glycoconjugates,
the availability of pure natural isolates is still inadequate to
address the challenges of modern glycoscience. As a conse-

quence, chemical synthesis has become a viable means to obtain
both natural complex carbohydrates and unnatural analogues
thereof. However, chemical synthesis of oligosaccharides of
even moderate complexity still remains a considerable chal-
lenge. As such, the development of efficient methods for
expeditious oligosaccharide synthesis remains a demanding area
of research.1
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Fraser-Reid’s rationalization of the fact that “protecting
groups do more than protect”2 opened an entirely new
direction in oligosaccharide synthesis. The chemoselective
armed-disarmed approach makes use of only one class of
leaving group for both the glycosyl donor and glycosyl
acceptor, which is either activated (armed) or deactivated
(disarmed), respectively, by the influence of the protecting
groups.3,4 Usually, protecting groups in both reaction com-
ponents have to be taken into consideration. This allows for
direct coupling between the armed glycosyl donor over the
disarmed glycosyl acceptor in the presence of a suitable
promoter. The disaccharide obtained can then be used for
subsequent direct glycosylation in the presence of a more
powerful promoter capable of activating the disarmed leaving
group. Recently, we expanded the scope of the classic Fraser-
Reid’s armed-disarmed concept for chemoselective oli-
gosaccharide synthesis by developing a series of building
blocks of the superarmed5 and superdisarmed series for
sequential activation.6 This discovery was based on the
phenomenon that we call the O-2/O-5 cooperative effect,7

and the superarming/disarming was achieved by simple
strategic placement of protecting groups. Another approach
to superarming using conformationally modified derivatives
was introduced by Bols et al.8-10

While the armed-disarmed concept has been developed
and applied to a broad range of neutral sugar derivatives,1

significantly less information has been acquired with building
blocks of the 2-amino-2-deoxy series.11 While a significant
disparity in reaction rates between various aminosugar
derivatives has been observed,12-15 no systematic studies
have yet become available.16-18 Baasov et al.19 and more

recently our group demonstrated that N-(2,2,2-trichloroet-
hyloxy)carbamoyl (Troc) protection activates (arms) 2-ami-
nosugars in comparison to that of the disarming effect of
the N-phthalimido group.20 However, very little remains
known about how the reactivity of the armed/disarmed
building blocks of the aminosugar series compares to that
of the corresponding armed/disarmed building blocks of the
neutral sugars.

Herein, we present our preliminary study focused on
the comparison of differently protected building blocks
of the D-gluco and D-glucosamino series. Thioglycosides
remain among the most common glycosyl donors and by
far the most investigated building blocks in various
expeditious strategies, including: two-step activation,21

armed-disarmed,22 active-latent,23 orthogonal,24,25 one-
pot,26,27 etc.28 Therefore, we chose to base this study on the
S-ethyl glycosides and for the comparative reactivity studies
obtained the superarmed donor 1,6 two N-substituted SEt
glycosides (refer to the Supporting Information for their
synthesis) armed 2 and disarmed 3, as well as the superd-
isarmed thioglycoside 4 (Figure 1).29

The key requirement for any chemoselective activation to
take place is the availability of a suitable promoter that can
differentiate between the armed and disarmed building
blocks. Therefore, having obtained glycosides 1-4, our next
aim was to find a promoter (or promoters) that would be
well suited for the activation of each of these glycosyl donors.
It is well established that thioglycosides can be activated
under a variety of reaction conditions, and the test glyco-
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Figure 1. Glycosyl donors of the armed (1 and 2) and disarmed
series (3 and 4).
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sylations of glycosyl acceptor 530 were initially performed
using common promoters. Not unexpectedly, NIS/TfOH was
very effective as the promoter. However, these activations
were too fast, even at low temperature. As a result, all
glycosyl donors reacted at a similar pace to provide very
good to excellent yields (86-98%) for the formation of
disaccharides 6-9 (Table 1, entries 1-4). Subsequently, we
chose a significantly milder promoter MeOTf, which was
very effective in our previous chemoselective studies with
2-aminosugars.20 Although the differentiation between build-
ing blocks of the armed series 1 and 2 in comparison to that
of the disarmed series 3 and 4 was notable (2-3 h vs 6 h,
respectively, entries 5-8), and the yields were excellent, we
continued our search for promoters. Recently, we reached
successfully differentiated superarmed vs armed building
blocks of the D-gluco series.6 The differentiation was
particularly efficient in the presence of iodine, which was
introduced as a mild promoter for thioglycoside activation

by Field et al.31 Also herein, reactions promoted with iodine
(3.3 equiv) showed a good differentiation trend ranging from
15 min activation of 1 at rt to 8 h activation of 2 at 50 °C
and activations of 3 and 4 that could not be driven to
completion even after 24 h at 50 °C (entries 9-12).

We deemed these results sufficient for proof of preliminary
differentiation and began studying direct competitive gly-
cosylations of glycosyl donors (1-4) with acceptor 5. These
competitive reactions were set up to allow two glycosyl
donors compete for the glycosyl acceptor 5 in a single flask. In
these experiments, 3.3 equiv of iodine was used to activate two
glycosyl donors (1.3 equiv each (see Table 2)) over the glycosyl
acceptor 5 (1.0 equiv). As anticipated, the superarmed glycosyl
donor 1 outperformed the donor 2: it reacted smoothly, and
the glycosyl acceptor 5 was entirely consumed within 1 h at rt.
As a result, the disaccharide 6 was isolated in 81% yield as the
sole product since no trace of disaccharide 7 could be detected
and the less reactive glycosyl donor 2 was recovered in 82%

(30) Kuester, J. M.; Dyong, I. Justus Liebigs Ann. Chem. 1975, 2179–
2189.
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Table 1. Search for the Appropriate Promoter for Glycosylation Reactions

a No significant difference between reactions at rt (shown) and at -20 °C, but the latter provided better stereoselectivity for the synthesis of 9 (R/� )
2/1, entry 4). b Incomplete reaction.
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yield (entry 1). Subsequently, we investigated the relative
reactivities of glycosyl donors 2 and 3, and as expected, the
armed glycosyl donor 2 outperformed the disarmed donor 3: it
reacted smoothly and the glycosyl acceptor 5 was entirely
consumed within 24 h at 50 °C. As a result, the disaccharide 7
was isolated in 95% yield as the sole product and no trace of
disaccharide 8 was detected (entry 2). The less reactive glycosyl
donor 3 was recovered in 67% yield.

When relative reactivities of glycosyl donors 3 and 4 were
compared, both disaccharides 8 and 9 were formed in 53
and 36% yield, respectively, as a result of insufficient
reactivity difference of these two classes of disarmed glycosyl
donors (entry 3). It should be noted that the reaction was
very sluggish and did not go to completion even after 48 h.
With the focus of the chemoselective activation of the
aminosugars over their neutral counterparts, we also inves-
tigated relative reactivities of glycosyl donors 2 and 4, and
to our delight, the aminosugar donor 2 clearly outperformed
the disarmed glucosyl donor 4. This reaction proceeded very
smoothly, and the glycosyl acceptor 5 was entirely consumed
within 9.5 h at 50 °C. As a result, the disaccharide 7 was
isolated in 98% yield as the sole product. No formation of
disaccharide 9 was detected (entry 4), and the less reactive
glycosyl donor 4 was recovered in 87% yield.

The knowledge gained from the competitive glycosylations
created a solid foundation for attempting a multistep synthesis
of oligosaccharides with alternating neutral sugar-aminosugar
unit, a sequence commonly seen in many natural glycocon-
jugates and polysaccharides. As verification of the promising
results achieved in competition experiments, direct chemose-
lective activation of the superarmed glycosyl donor 1 over
the 2-amino-2-deoxy acceptor 10 (see the Supporting Infor-
mation for the synthesis) was investigated. Initially, when
glycosidation of 1 with acceptor 10 was carried out at rt,
the requisite disaccharide 11 was isolated in a poor yield
(see the Supporting Information), and the formation of a
number of byproducts was noted. However, when the
reaction was performed at -20 °C, the disaccharide 11 was
isolated in 77% yield (Scheme 1). As expected, a very similar

outcome was achieved in reactions with 2-deoxy-2-phthal-
imido acceptor (see the Supporting Information for details).
Encouraged by this promising result, we decided to apply
this approach to the synthesis of a trisaccharide. For this
purpose, we obtained glycosyl acceptor 12 derived from the
superdisarmed glycosyl donor 4 (see the Supporting Infor-
mation for synthesis). Chemoselective activation of the
disaccharide donor 11 over superdisarmed acceptor 12 was
successful in the presence of iodine at 50 °C and the target
trisaccharide 13 was isolated in 60% yield.

In conclusion, we performed a comparative study of the
armed and disarmed building blocks of the D-gluco and
glucosamino series. Competitive glycosylations clearly showed
the reactivity pattern of the building blocks investigated. The
synthesis of trisaccharide 13 performed by a two-step
chemoselective activation sequence clearly illustrated the
versatility of the developed approach in the context of the
synthesis of oligosaccharides with alternating neutral and
aminosugar units. It is apparent that the S-ethyl leaving group
of the trisaccharide 13 can be directly activated for the
subsequent synthesis of larger oligosaccharides. This activa-
tion, however, may need to employ a significantly more
powerful promoter, such as NIS/TfOH, and therefore is not
covered by the scope of this comparative chemoselective
activation study.
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Table 2. Competitive Glycosylations Using Glycosyl Donors 1-4

entry donors time (H) products yield (%) donor recovery (%)

1a 1 + 2 1 6 81 82 (2)
2 2 + 3 24 7 95 67 (3)
3 3 + 4 24 8 + 9 53 + 36 49 (4)
4b 2 + 4 9.5 7 98 87 (4)

a Reaction at rt, all others at 50 °C. b Incomplete reaction.

Scheme 1. Chemoselective Synthesis of Trisaccharide 13
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