LIE[TTERS

pubs.acs.org/OrglLett

Templated Oligosaccharide Synthesis: The Linker Effect on the

Stereoselectivity of Glycosylation

Papapida Pornsuriyasak, Xiao G. Jia, Sophon Kaeothip, and Alexei V. Demchenko™

Department of Chemistry and Biochemistry, University of Missouri—St. Louis, One University Boulevard, St. Louis, Missouri 63121,

United States

© Supporting Information

ABSTRACT: A new method for intramolecular oligosacchar-
ide synthesis that is conceptually related to the general
molecular clamp approach is introduced. Exceptional a-
selectivity has been achieved in a majority of applications.
Unlike other related concepts, this approach is based on the
bisphenol A template, which allows one to connect multiple
building blocks to perform templated oligosaccharide synthesis
with complete stereoselectivity. This principle was demon-
strated by the synthesis of an a,a-linked trisaccharide.

he past decade has witnessed a renaissance in oligosac-

charide synthesis." Recent discoveries in the synthetic field
have been driven by the increasing understanding of the crucial
roles that ol1gosacchar1des play in many fundamental biological
processes.” Access to certain classes of complex carbohydrates
from natural sources is feasible, although the quantity and purity
of the isolated material often do not meet the current demand.
Chemical synthesis represents the major mode for obtaining
relatively large quantities of pure material. However, the limited
synthetic capability demands a search for new eflicient
technologies that would enable both expeditious assembly and
reliable control of the stereoselectivity at each coupling step. This
is of particular relevance to the synthesis of 1,2-cis among other
challenging glycosidic linkages.”

The issue of controlling the stereoselectivity of glycosylations
has been approached in a variety of modes.”” For instance,
intramolecular approaches occupy an important niche among
other methods available. Many attractive intramolecular
glycosylatlon methods have emerged during the past two
decades.””” The underlying concept is that two glycosylation
components, the glycosyl donor and acceptor, are tethered
together using a cleavable linker. The purpose of this tethering is
to achieve efficient facial selectivity due to steric or geometric
constraints or forces that may help to control the stereoselectivity
of the glycosylation. These techniques are classified into three
major subgroups: intramolecular aglycone delivery (IAD),
leaving-group-based methods, and the “molecular clamp”
concept (approaches A—C in Figure 1).

The molecular clamp concept'® links the glycosyl donor and
acceptor away from the reaction sites. Realistically, this approach
allows one only to glycosylate a hydroxyl adjacent to the tether
on the acceptor site. An example of this approach is the use of a
rigid xylylene tether that can be conveniently removed
concomitantly with debenzylation."" Overall, molecular-clamp-
directed glycosylation is a three-step process: (1) formation of
the intermolecular tether between the glycosyl donor and a free
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Figure 1. Three general concepts for the intramolecular glycosylation
reaction.

hydroxyl of the glycosyl acceptor; (2) intramolecular structurally
restricted glycosylation; and (3) removal of the tether. The
investment in the additional steps is often compensated by the
ability to access challenging glycosidic bonds that are otherwise
hard to accomplish by direct protocols.

Herein we introduce a new concept, templated oligosaccharide
synthesis, in which the tethering can be achieved away from the
reactive sites. In contrast to the other concepts, the templated
approach enables glycosylation of different hydroxyls, not only
those adjacent to the tether. It also provides exceptional a-
selectivity and allows multiple building blocks to be connected
for oligosaccharide synthesis. The general outline of a templated
synthesis is shown in Scheme 1. If the synthesis of a disaccharide
is targeted (Scheme 1A), a glycosyl donor equipped with linker 1
is connected to a glycosyl acceptor bearing linker 2 via a template.
The resulting donor—acceptor tethered pair is then subjected to
glycosylation, and the disaccharide is cleaved off the template. In
cases where the synthesis of an oligosaccharide is attempted, a
series of building blocks equipped with various linkers are
connected via a template in a sequential manner (Scheme 1B).
The tethered donor—acceptor network is then subjected to
glycosylation. Finally, the resulting oligosaccharide is cleaved off
the template.
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Scheme 1. Outline of the Concept of Templated
Glycosylation (A) and Oligosaccharide Synthesis (B)
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To execute this concept, we considered the following. To be
practical for synthetic applications, the linkers and the template
itself should be easy to install and remove. Also, by variation of
the length of the linker it should be possible to control the
stereoselectivity of the subsequent glycosylation. For instance, if
the linker connecting the acceptor is longer than that of the
donor, this should facilitate the delivery of the nucleophile from
the bottom (a) face of the donor. Having learned from previous
work by Fairbanks and co-workers'”"* and Warriner'* as well as
our own experimentation (see the Supporting Information (SI))
with flexible peptide-based templates, we anticipated that the
rigidity of the template would critically affect the stereoselection.
With these considerations in mind, we prepared various donor—
acceptor conjugates based on bisphenol A (BPA) as the rigid
template (see the SI for the synthesis).

The first series of conjugates 1, 3, and 5 were designed to
deliver the glycosyl acceptor from the bottom face. In this case
the donor linker was shorter than that of the acceptor (succinoyl
(Suc) vs glutaryl (Glt), respectively). The key results of this study
are summarized in Table 1. When a perbenzylated donor
tethered with a 4-OH acceptor (1) was activated with MeOTf, a
mild activator for thioglycosides,"” followed by the ester bond
cleavage under Zemplen conditions (NaOMe) and standard
acetylation (Ac,0O/pyridine), disaccharide 2 was isolated in 81%
yield with complete a-selectivity (entry 1); no traces of the -
linked diastereomer were detected. It should be noted that many
other promoters of the activation of thioglycosides, including
dimethyl(thiomethyl)sulfonium triflate (DMTST)'® and NIS/
TfOH, gave shorter reaction times, but the yields were lower
because of competing hydrolysis. When MeOTf-promoted
activation was applied to glycosylation of the tethered 3-OH
acceptor 3, disaccharide 4 was obtained in 73% yield with
complete a-selectivity (entry 2). Glycosylation of the tethered 6-
OH acceptor S provided disaccharide 6 in 63% yield. Again, the
preference was for formation of the a-linked product, although
the presence of the other diastereomer was also evident (a/f =
9.2/1; entry 3). It is possible that the compromised stereo-
selectivity in this case is related to the fact that the primary 6-OH
is more flexible and can be reached from both the bottom and to
faces of the activated donor (oxacarbenium ion intermediate)."”

Having controlled the a-stereoselectivity with the longer
acceptor linker, we were curious to investigate the stereo-
selectivity of glycosylations with spacers of equal length. For this
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purpose we obtained a tempate with succinoyl linkers for the
attachment of both the glycosyl donor and acceptor (7).
Complete a-stereoselectivity was still maintained in glycosyla-
tions of acceptors with secondary hydroxyls, and disaccharide 2
was obtained in 76% yield (entry 4). With good reaction yields
and excellent a-stereoselectivity achieved in most template-
mediated glycosylations, we also investigated a template wherein
the glycosyl acceptor would be expected to be delivered from the
top (f3-) face. For this purpose, the glycosyl donor was attached
to the donor counterpart via a longer linker (Glt) than that of the
glycosyl acceptor (Suc). In the case of compound 8, however,
practically no selectivity was achieved. Entry S clearly shows a
typical outcome, which implied that the synthesis of f-linked
derivatives could not be accomplished using this approach.

We postulated that enhanced rigidity might provide a more
stringent acceptor delivery mode and hence help to improve the
stereoselectivity for primary glycosyl acceptors. To investigate
this, we prepared the tethered compounds 9 and 10, which were
subjected to the same reaction conditions. The tethered 4-OH
acceptor 9 gave disaccharide 2 in an impressive 90% yield with
complete a-selectivity (entry 6). Even more importantly,
MeOTf-promoted synthesis of the (1 — 6)-linked disaccharide
6 from the tethered donor—acceptor 10 also resulted in an
excellent yield of 89% with complete a-selectivity (entry 7).

Having achieved excellent yields and complete stereocontrol
in all of the syntheses of a-linked disaccharides, we were curious
to see whether essentially the same approach could be used for
the synthesis of f-linked disaccharides. For this purpose we
prepared a benzoylated glycosyl donor that was tethered with a 3-
OH acceptor (11). MeOTf-promoted glycosylation was rather
sluggish (40 h), perhaps because of the disarmed nature of the
perbenzoylated donor used herein.'® Nevertheless, the reaction
progressed smoothly, and disaccharide 12 was obtained in 84%
yield with complete f-stereoselectivity (entry 8). The rate of this
coupling could be significantly enhanced in the presence of NIS/
TfOH (10 min), but the isolated yield of disaccharide 12 was
reduced. Interestingly, when the respective benzylated donor was
glycosylated in MeCN, a reaction solvent that is known to
enhance f-selectivity,'” still only the a-linked disaccharide was
obtained. This result implies that the effect of the intramolecular
tethering on the stereoselectivity of glycosylation is significantly
stronger than that of the reaction solvent.

We next explored the possibility of extending the one-step
glycosylation reactions to multistep processes for the synthesis of
longer oligosaccharide sequences. For this purpose, donor—
linker—template conjugate 13 was reacted with trimellitic
anhydride in the presence of EDC and DMAP. The resulting
intermediate 14 was obtained in 98% yield. It was reacted with
building block 15 (see the SI for the synthesis) to afford tethered
donor—acceptor pair 16 in 95% yield (the combined yield for 16
and its meta-linked regioisomer). In contrast to the previously
executed reactions with simple linkers, intermediate 16 could be
used for further template elongation via the carboxyl group.
Indeed, BPA-conjugated glycosyl acceptor 17 could be linked to
compound 16 using a DCC/DMAP-mediated coupling reaction
to obtain the templated conjugate 18 in 82% yield. The synthesis
of compound 18 clearly demonstrated that all of the additional
steps required for the installation of the template tethering could
be achieved effectively and in very high yield.

The templated compound 18 was designed in such a way that
the unit on the left-hand side could act as the glycosyl donor only.
The unit on the right-hand side could act as the glycosyl acceptor
only, whereas the central building block could act either as the
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Table 1. Linker Effect on the Stereoselectivity of Glycosylation
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“Suc = succinoyl; Glt = glutaryl.

bPerformed in 1,2-dichloroethane in the presence of MeOTf and 3 A molecular sieves at 0 °C.

glycosyl acceptor or the donor upon demand. With a number of
possibilities available, so far we have explored only the one shown
in Scheme 2. First, activation of the S-ethyl leaving group in
compound 18 was achieved with MeOTH{, and the glycosylation
of the middle building block took place with concomitant
removal of the p-methoxybenzyl (PMB) group. The latter could

2318

be also removed as a separate step prior to glycosylation, but in
our hands the one-pot procedure provided a slightly higher yield.
It should be noted that essentially the same principle for direct
glycosylation of hydroxyls masked with temporary PMB
protection created a basis for the development of the reverse

orthogonal approach.”® Second, the o-allylphenyl leaving
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Scheme 2. Templated Synthesis of «,a-Linked Trisaccharide
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group”** was activated with NIS/TfOH, and again the PMB

group of the acceptor was removed during the glycosylation step.
The resultant tethered trisaccharide was released from the
template by reaction with NaOMe in MeOH to afford
compound 19 in 58% overall yield with complete stereo-
selectivity for both glycosidic linkages.

In conclusion, we have developed a new concept for
intramolecular glycosylation and oligosaccharide synthesis.
Complete stereoselectivity has been achieved in a majority of
applications. In particular, the rigid bisphenol A template and
phthaloyl linkers permit highly stereoselective glycosidic bond
formation for both primary and secondary glycosyl acceptors.
Efficient intramolecular glycosylation with glycosyl donors
equipped with a nonparticipating benzyl group at C-2 led to
the exclusive formation a-linked disaccharides. a-Selectivity can
be lower in the case of primary glycosyl acceptors and flexible
linkers. We also demonstrated that fS-linked glycosides can be
efficiently formed with the aid of a participatory effect of the
neighboring ester group. Moreover, we demonstrated the
possibility of extending the template to the synthesis of a
trisaccharide, which was also obtained with complete a-
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stereoselectivity for both glycosylation steps. Further develop-
ment of this methodology and its application to oligo- and
polysaccharide synthesis in currently underway in our laboratory.
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