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a b s t r a c t

Trifluoromethanesulfonic acid salts of tertiary amines were employed as extremely mild acidic activators
for rapid glycosylations. Glycosyl phosphite triesters bearing an acid-labile 4,40-dimethoxytrityl (DMTr)
group for transient protection worked as glycosyl donors effectively in the presence of the activators
to afford the corresponding disaccharides in good yields without loss of the DMTr group.

� 2010 Elsevier Ltd. All rights reserved.

Oligosaccharides and their conjugates with other biomolecules
(glycoconjugates) play important roles in a wide variety of biolog-
ical processes and extensive studies are currently in progress to
clarify the whole picture.1–3 Oligosaccharides and glycoconjugates
with defined structures are indispensable for such studies.4–6

Chemical synthesis is a major approach to obtain these materials
and advantageous because it can provide pure materials in suffi-
cient quantities at relatively low costs. Oligosaccharides and glyco-
conjugates containing chemical modifications at defined sites are
also available by this approach and used as probes.7 In addition
to the applications to glycobiology, chemically synthesized frag-
ments of these carbohydrates and their modified analogues have
been applied to therapeutic studies.8,9

Many of oligosaccharides and glycoconjugates have rather com-
plex structures. The complexity comes from the diversity of mono-
saccharides, which have multiple hydroxy groups and can be
connected to each other at different positions through a- or b-gly-
cosyl bonds. To synthesize these compounds, the development of
efficient glycosylation reactions that can be performed under mild
reaction conditions is strongly required so that a variety of orthog-
onal protecting groups can be used.4 With this background, we
sought to develop a glycosylation reaction that could be performed
under extremely mild acidic conditions and found that salts of ter-
tiary amines consisting of less-nucleophilic components were use-
ful for rapid glycosylations using glycosyl phosphite triesters as

glycosyl donors. The results of this study are described in this
paper.

Glycosyl phosphite triesters are one of the most reactive glyco-
syl donors developed so far and have been applied to the synthesis
of a wide variety of oligosaccharides and glycoconjugates.10 Since
the early reports on their use as glycosyl donors,10a–c strong Lewis
acids, typically trimethylsilyl trifluoromethanesulfonate (TMSOTf),
10a,b have been used for their activation. On the other hand, some
research groups have reported that the glycosyl phosphites can be
activated under mild acidic conditions.10g–j For example, Hashim-
oto et al. have reported that glycosyl phosphites can be activated
by 2,6-tert-butylpyridinium iodide (DTBPI) to give the correspond-
ing O-glycosylation products in good yields.10g However, the rela-
tively long reaction time would be a bottleneck for the synthesis of
rather complex oligosaccharides and glycoconjugates. As they have
described, the activation of glycosyl phosphites by DTBPI generates
the corresponding glycosyl iodides as active intermediates. The
resultant glycosyl iodides have modest reactivity to alcohols and
react to afford the final glycosylation products typically within
24–48 h under standard reaction conditions.10g We anticipated
that the reactions of the glycosyl phosphites would be much faster
if they are activated only by P-protonation under mild acidic
conditions in the absence of any nucleophilic catalysts. It has been
reported that glycosyl phosphite triesters can be activated via
P-protonation by using strong Brønsted acids, such as TfOH and
Tf2NH,10d,k but it was not clear if the glycosyl phosphites would
work as glycosyl donors effectively with a much weaker Brønsted
acid, such as tertiary ammonium salts, without any nucleophilic
catalysts (Fig. 1).
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Glycosyl phosphites with an acid-labile 4,40-dimethoxytrityl
(DMTr) group at the O-6 position (5, 6) were synthesized as glyco-
syl donors for this study via regioselective tritylation of the O-6-
position of reducing sugars (1,11 212) in the presence of silver ni-
trate and subsequent O-1 phosphitylation (Scheme 1). The DMTr
group is routinely used for transient protection of primary hydroxy
groups in nucleic acid synthesis13 for its advantages, such as the
regioselective protection of primary hydroxy groups, stability un-
der various reaction conditions, acid lability for facile deprotection
under mild acidic conditions, and the strong UV–vis absorption of
the resultant DMTr cation, which is used for quantitation.14 De-
spite these advantages, the DMTr group has been rarely used for
the synthesis of oligosaccharides,11,15 mainly because of its incom-
patibility with the common glycosylation conditions using strong
Brønsted or Lewis acids. The development of glycosylation reac-
tions which proceed rapidly under mild acidic conditions would al-
low the synthesis of oligosaccharides using more extensive
protecting groups than those currently used; the DMTr group
would be representative of acid-labile protecting groups. We also
expected that the bulky DMTr group at the 6-position might work
as an a-directing group in glycosylation reactions.11,16

Trifluoromethanesulfonic acid salts of tertiary amines (Fig. 2, 7–
917) were employed as activators for the following reasons: (1) the
activators must have a mild but sufficient acidity to protonate the
phosphorous atom of phosphite triesters and must be less-nucleo-
philic so that the formation of stable N-glycosides, such as pyridi-
nium glycosides,18 would be avoided. The suitable acidity and
extremely low nucleophilicity of 7 and 8 have already been dem-
onstrated by using them to activate P-stereogenic diastereopure
phosphoramidite derivatives via protonation to give the corre-
sponding phosphite derivatives in a stereospecific manner.17b,19

The N,N-diethylanilinium salt 9 was also employed because of its
modest acidity and low nucleophilicity. (2) The counter anion must
also be less nucleophilic. TfO� would be a suitable counter anion
because the resultant glycosyl trifluoromethanesulfonates have
been reported to be extremely reactive even at �78 �C and act as
the corresponding oxocarbenium cations at ambient tempera-
tures.20 An N,N-diethylanilinium salt 10 containing a nucleophilic
iodide anion was used as a control.

Glycosylation reactions of appropriately protected monosaccha-
rides 11 and 12 were then carried out by using the glycosyl donors
(5, 6) and the activators (7–10) (Table 1). The glycosylations of the
sterically less-hindered 11 were completed within 5–10 min when
the less-nucleophilic activators 7–9 were used and the desired

disaccharides 13 and 14 were isolated in good to excellent yields
(entries 1–5 and 7). The reactions were slightly slower in polar sol-
vents (entries 3 and 4) than in less polar CH2Cl2 (entry 2). In sharp
contrast, the glycosylation proceeded very slowly when promoted
by N,N-diethylanilinium iodide 10 due to the formation of the gly-
cosyl iodide intermediate 19, though the a-selectivity was excel-
lent as reported in the literature (entry 6).10g The formation of
the glycosyl iodide 19 from 5 and 10 was also confirmed by 1H
NMR.21 Removal of the O-6-DMTr group of the fully protected
disaccharides 13 and 14 was achieved by using 3 vol % dichloroace-
tic acid in CH2Cl2 within 2 min in the presence of Et3SiH as a scav-
enger of the liberated DMTr cation22 to afford the detritylated
disaccharides 1623 and 17,24 respectively, virtually quantitatively
(entries 5 and 7). In the cases of the sterically more-hindered gly-
cosyl acceptor 12, the reaction was completed within 5 min by
using the activator 8 (entry 8), whereas it was sluggish when the
activator 9 was used (entry 9). The resultant disaccharide 1511

was detritylated to afford 1825 in modest yields (entries 8 and 9).
Only the a-isomer of 18 was obtained in both of these reactions
most likely due to the a-directing effect of the O-6-DMTr group.

In summary, rapid glycosylations were achieved with glycosyl
phosphites as glycosyl donors and less-nucleophilic trifluorometh-
anesulfonic acid salts of tertiary amines as activators. The absence
of nucleophilic catalysts was essential for rapid reactions. Glycosyl
donors having an acid-labile DMTr group were compatible with the
present reaction conditions, indicating that a wide range of acid-la-
bile substrates and protecting groups can be used in this method.

1. Experimental

1.1. General methods

IR spectra were recorded on a JASCO FT/IR-480 Plus spectropho-
tometer. NMR spectra were recorded on a Varian Mercury 300. 1H
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Figure 1. Glycosylation with tertiary ammonium salts via P-protonated glycosyl phosphites.
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Scheme 1. Synthesis of glycosyl donors 5 and 6. Reagents and conditions: (a) DMTrCl, Et3N, AgNO3, THF–DMF (1:1, v/v); (b) (EtO)2PCl, Et3N, CH2Cl2.
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Figure 2. Tertiary ammonium salts containing less-nucleophilic triflate anion (7–9)
or highly-nucleophilic iodide anion (10).
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