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ABSTRACT: A novel alkyne-activation based glycosylation protocol, ortho-(para-methoxyphenylethynyl)phenyl (MPEP) 
glycoside protocol, was established. The glycosyl MPEP donors were shelf-stable and could be prepared efficiently via 
Sonogashira reaction from the corresponding ortho-iodophenyl (IP) glycosides. The outstanding stability of IP glycosides 
as well as their efficient transformations to MPEP glycosides dramatically facilitates the syntheses of MPEP glycosyl do-
nors and IP glycosyl acceptors. Furthermore, they make the MPEP glycosylation protocol applicable to the latent-active 
oligosaccharide and glycoconjugate synthetic strategy with IP glycosides as the latent form and MPEP glycosides as the 
active form, as illustrated by the highly efficient fabrication of Streptococcus pneumoniae type 3 trisaccharide. The phe-
nolic glycoside nature of MPEP glycosides bestows the new glycosyl donors enhanced stability compared to their thiogly-
coside counterparts toward activation conditions applied for glycosyl trichloroacetimidate (TCAI) and ortho-
alkynylbenzoate (ABz) donor. Thus, MPEPs can also be utilized in the selective one-pot glycosylation strategy, as exem-
plified by the syntheses of oligosaccharides via successive glycosylations with glycosyl TCAI, ABz, and EPMP as donors. 
Although sharing the identical promotion conditions with thioglycoside donors, the odor-free starting material (2-
iodophenol), the stable departure structure of the leaving group (3-iodobenzofuran), as well as the decreased nucleo-
philicity of the O-MPEP glycoside helps to eliminate the major three shortcomings of the thioglycoside donors (unpleas-
ant odor of starting material, detrimental interference of the cleaved leaving group, and aglycon intra- or inter-molecular 
migration) while maintaining the prominent features of thioglycoside methodology including the broad substrates 
scopes, the mild promotion conditions, the stability of glycosyl donors, and the versatile applications in existing glycoside 
synthesis strategies. Based on the experimental results, a mechanism of MPEP activation was proposed, which was sup-
ported by systematic mechanistic investigations, including trapping of active intermediates, design of a vital disarmed 
rhamnosyl donor, and isolation and characterization of the departure species of the leaving group. 

INTRODUCTION 

Oligosaccharide and glycoconjugates play critical roles 
in an array of biological processes;[1] meanwhile, as sec-
ondary metabolites, glycoconjugates are widely spread in 
nature, which have been deemed as indispensable sources 
for new drug development.[2] Due to the high microheter-
ogeneities of oligosaccharide and glycoconjugate com-
pounds in natural resources, the direct acquisition of 
them from natural resources homogeneously via separa-
tion is a formidable task. Therefore, chemical synthesis 
becomes an important tool for gaining access to these 
valuable compounds. Ever since the first glycosylation 
reaction reported by Fischer in 1893 with free glucose as 
the donor,[3] continuous efforts from generations of car-
bohydrate chemists have led to the discovery of a variety 
of glycosylation donors, among which glycosyl bro-
mides,[4] thioglycosides,[5] and glycosyl trichloroacetimi-
dates (TCAI)[6] are the most widely used ones and are 
playing cornerstone roles in the modern synthetic carbo-
hydrate chemistry. Fueled by the continuously increasing 
demand of pure oligosaccharides and glycoconjugates 

with defined chemical structures, the discovery of new 
glycosylation protocols is still the most active direction in 
carbohydrate chemistry, resulting in the advents of quite 
a few conceptually new and efficient glycosylation meth-
ods, such as glycosyl thioimidate,[7] 2-
(benzyloxycarbonyl)benzyl (BCB) glycoside,[8] dehydrative 
and oxidative,[9] glycosyl ortho-alkynylbenzoate (ABz),[10] 
and 2-(2-propylsulfinyl)benzyl (PSB)/S-2-(2-
propylsulfinyl)benzyl (SPSP) glycosides methods.[11] Apart 
from the inherent chemical characters, the potential of a 
particular glycosylation protocol in glycosidic linkage 
construction is also influenced by the chosen synthetic 
strategies. Accordingly, sophisticated strategies including 
latent-active,[7,8,11,12] one-pot glycosylation,[13] and solid-
phase synthesis strategies have been established.[14] Com-
bination of modern glycosylation methods with appropri-
ate strategies has greatly enhanced synthetic capability of 
chemists, with a vast number of complex oligosaccharides 
and glycoconjugates succumbed to the efficient total syn-
thesis.[15] 

As glycosyl donors, thioglycosides occupy an important 
niche in the modern carbohydrate synthesis field. A sur-
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vey of 734 glycosidic linkage construction reactions pub-
lished in 1995 revealed that about one quarter of them 
were fashioned by thioglycosides donors.[16] The high ap-
plication frequency is determined by several advantages 
of thioglycosides over other types of glycosyl donors. The-
se include easy activation under various conditions, high 
stabilities toward a wide range of reaction conditions, and 
easy accessibility. Meanwhile, thioglycosides have been 
fully proven to have impressive performance in latent-
active[17] and one-pot synthesis strategies,[5a,13] lending 
additional credit to these traditional while important do-
nors.[18] Despite these salient advantages, the shortcom-
ings associated with them, including the unpleasant odor 
of volatile thiols used in thioglycoside preparation,[19] high 
electrophilic property of the departure species of the leav-
ing groups,[20] and the propensity of aglycon transfer,[21] 
restrict the application scope, and sometimes can ruin the 
synthetic plan. Under such circumstances, a new type of 
glycosyl donors which can maintain the merits while 
overcoming the defects of thioglycosides is highly desira-
ble. Based on alkyne-functionality activation with the 
combination of NIS/TMSOTf,[10,22] a new type of phenyl 
O-glycoside donor, ortho-(para-
methoxyphenylethynyl)phenyl (MPEP) glycoside, was 
discovered.[23] The new glycosylation donors were so sta-
ble that they could be stored at room temperature for at 
least six months without noticeable decomposition. 
Moreover, the new glycosylation protocol not only enjoys 
broad substrate scopes both for glycosyl donors and for 
acceptor but also fit into latent-active and orthogonal 
one-pot synthesis strategies, whereby one bioactive tri-
saccharide as well as three complex oligosaccharides were 
synthesized efficiently. 

RESULTS AND DISCUSSION 

Although the previous work regarding the synthesis of 
benzofuran derivatives from ortho-alkynylphenyl ether 
starting materials implied the feasibility of using ortho-
alkynylphenyl group as leaving group in design of a new 
type of glycosyl donors,[24] results from Yu group regard-
ing the more reactive ortho-alkynylphenyl S-glycoside 
donors,[25] which preferably afforded orthoester side 
products when coupled with acceptors under the promo-
tion of Au(I) catalyst, indicated that to utilize the less 
reactive ortho-alkynylphenyl O-glycoside as donor a sys-
tematic screening of substitution patterns on the ortho-
alkynylphenyl group as well as promotion conditions was 
required. Thus, a series of ortho-alkynylphenyl glycosides 
1a-i with the core ortho-alkynylphenyl scaffold decorated 
with various substituents were synthesized via a two-step 
sequence of 2-iodophenol glycosylation and Sonogashira 
coupling with appropriate alkynes.[26] With all potential 
donors in hand, the optimal leaving group as well as cor-
responding activation conditions were screened exten-
sively, and the representative results were listed in table 1. 
Expectedly, the orhto-alkynylphenyl glycosides 1a and 1b 
were proved to be inert to the generally applied reagents 
used for the activation of alkyne, including Ph3PAuNTf2, 
Ph3PAuOTf, and TMSOTf at the presence of acceptor 

2a.[27] In order to improve the reactivity of the donors, a 
strategy to realize a favorable distribution of electron 
density in the alkyne functionality by introduction of 
electron-donating substituents on the B phenyl ring and 
electron-withdrawing substituents on the A ring of 1b was 
adopted. Although donors carrying electron-withdrawing 
substituent CF3 on the A phenyl ring such as 1f-i still af-
forded disappointing results, donors with electron-
donating substituents including 1c-e provided more 
promising results. Glycoside 1c carrying a para-located 
methoxy group on the B phenyl ring coupled with 2b[28] 
under the effect of Ph3PAuOTf, albeit with low glycosyla-
tion yield (trace amount of 3a[29]) and high catalyst load-
ing (0.8 eq, entries 1 and 2). The glycosylation yield was 
further improved to 26% by 0.4 equivalents of TMSOTf 
(entry 3). Surprisingly, Ph3PAuOTf and TMSOTf could 
not trigger the glycosylation between ortho-alkynylphenyl 
glycoside 1d and 2a/2b, although three methoxy groups 
were incorporated in the B phenyl ring of 1d (entries 4-6). 
Nevertheless, stoichiometric amounts of either I2 or TfOH 
effected the desired glycosylation of 1d to afford 3a (trace 
and 78% yield respectively, entries 7 and 8). The influence 
of sugar residue protecting groups on the donor activity 
was also evaluated with 1e, in which all hydroxyl groups 
of the sugar residue were blocked with acetyl groups. The 
exchange of protecting groups resulted in a drop in reac-
tivity as either Au(I) catalyst (0.4 eq) or TMSOTf (0.8 eq) 
could not lead to the formation of the desired glycosyla-
tion products (entries 9 and 10). 

Reviewing all the results gleaned above revealed that 
only glycoside 1c exhibited reasonable reactivity (entries 2 
and 3). Detailed investigations regarding promotion con-
ditions were then conducted. Although I2 could not medi-
ate an efficient coupling between 1c and 2b, the same re-
action was promoted to reach completion under the effect 
of TMSOTf (1.2 eq) and a good yield of 3a was isolated 
(71%, entries 11, 12). Hg(OTf)2

[30] was also screened, but 
inferior result was observed (entry 13). To our delight, 
when the combination of NIS/TMSOTf (1.5 eq NIS and 0.5 
eq TMSOTf)[31] was invoked at -35 oC, the glycosylation 
reaction between 1c and 2b proceeded so efficiently that 
almost quantitative yield of 3a was obtained within 3.5 
hours (entry 14). Although donor 1d could also be activat-
ed to couple with 2b, an inferior yield of 3a was obtained 
(entry 15). Thus, the leaving group as well as the optimal 
promotion conditions were fixed as ortho-(para-
methoxyphenylethynyl)phenyl (MPEP) group and 
NIS/TMSOTf. Similarly, the peracetylated MPEP gluco-
side 1e could also be activated with NIS/TMSOTf, and its 
coupling with 2a proceeded smoothly to yield 3b (76%, 
entry 16).[32] Moreover, to the best of our knowledge, these 
trials represent the first examples of alkyne activation by 
NIS/TMSOTf. 
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Table 1. Leaving group and activation conditions op-
timization of ortho-alkynylphenyl glycoside donors 

 

a
NR meant no reaction was detected. 

b
Isolated yield. 

c
The 

reactions were conducted at -35 
o
C. 

With the optimal leaving group and corresponding ac-
tivation conditions settled, our attention was shifted to 
the substrate scope investigations for both donors and 
acceptors. Applications of MPEP donors in common gly-
cosidic linkages construction was investigated first (Table 
2). Thus, the condensation between 1c and 2b was rein-
vestigated with reduced amounts of TMSOTf (0.2 eq), and 
a slight drop in chemical yield of 3a was observed (91% vs 
99%). Upon raising the TMSOTf to 0.5 equivalents, the 
yield of the condensation between 1e and 2a was en-
hanced, and 81% yield of 3b was recorded (cf., table 1, en-
try 15). Similarly, 1c could also react efficiently with 2a to 
afford 16 in a good 83% yield,[33] and in this reaction, only 
0.2 equivalents of TMSOTf were required. Thanks to the 
mild reaction conditions, primary and secondary accep-
tors carrying acid-sensitive isopropylidene groups were 
also proved to be suitable substrates for this new glyco-
sylation protocol, and acceptors such as 11[34] and 12[35] 
afforded corresponding disaccharide products 17[29b] and 
18[36] with good yields when coupled with 1c (81%, 82% 
yields, respectively). Under the promotion of 
NIS/TMSOTf, glucosyl 4-OH acceptor 13[37] could also 
couple fluently with 1c, delivering 19 in 90% yield.[29b] 
Most noticeably, under standard reaction conditions, 
even the most hindered tertiary acceptor 15 could con-
densed efficiently with 1c, affording 20 in a high 85% 
yield.[12d] Converting 1c to its ‘armed’ and ‘superarmed’ 
counterparts led to MPEP glucoside donors 4 and 5, both 
of which exhibited impressive glycosylation capability, as 
exemplified by their couplings with extremely hindered 
acceptors 14 and 15 to furnish 21,[38] 22,[38] and 23 (86%, 
86%, and 93% yields). As typical representatives of L-
series sugar donors, MPEP rhamnosides protected in dis-
armed (6 and 7), armed (8), and superarmed (9) patterns 

were then tested. As 6-deoxyglycosides, donors 6-9 were 
originally envisioned to give even better glycosylation 
results in comparison to their hexose counterparts. Nev-
ertheless, results beyond our expectation were obtained: 
disarmed and superarmed donors 6, 7, and 9 were totally 
inert to the standard promotion conditions, while armed 
MPEP 8 was a vital donor to couple with 2a, 14, and 15, 
delivering good to excellent yields of desired glycosylation 
products 24,[39] 25,[40] and 26 (96%, 87%, and 85%). As 
expected, the corresponding glycosylation reactions of 
perbenzylated donors 4 and 8, in the absence of neighbor-
ing participating groups, led to the glycosylation products 
as mixtures of a pair of anomers. In terms of rhamnosyl 
MPEP 8, benefited from the remote activation mecha-
nism,[41] the SN2 substitution was favored to a large extent, 
thus the β-rhamnosides were isolated in considerable 
amounts for the glycosylation of 8 with acceptors 2a and 
14 (for 24 and 25). With the steric hindrance of the accep-
tors increased, the α-isomers prevailed, and for the con-
densation of 8 and 15, only α glycosylation product was 
detected (for 26). Furthermore, MPEP ribofuranoside 10 
was also a capable donor to conjugate with acceptors 2a, 
12, 14, and 15 to furnish 27, 28, 29, and 30 smoothly (86%, 
80%, 87%, and 82%). Interestingly, despite installed with 
an acetyl group on the 2-OH, donor 10 still offered 29 as a 
mixture of α/β isomers when coupled with 12, an ex-
tremely hindered acceptor.[42] 

Table 2. Construction of common glycosidic linkages 
with MPEP glycosides as donors 
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To further expand the substrate scopes, the feasibility 
of MPEP glycosylation method in formations of special 
and challenging glycosidic linkages, including 2-deoxy 
glycosidic linkage, glycosamine-containing glycosidic 
linkage, β-mannopyranosyl linkage, as well as ortho-
iodophenyl (IP) glycoside-containing glycosidic linkage, 
was examined (Table 3). Pleasantly, when the MPEP 2-
deoxyglucoside donor 31 was put to the standard glycosyl-
ation conditions at the presence of 11, 13, 14, and 15, the 
corresponding glycosylation products 37, 38, 39, and 40 
were generated efficiently (90%, 94%, 90%, and 88% 
yields, respectively).[12d] Due to the absence of stereocon-
trolling element in donor 31, glycosylation products 37, 38, 
and 39 were obtained as mixtures of α/β isomers, with the 
α-epimers predominating. Effected by serious steric hin-
drance and lowered reactivity, the coupling of 15 with 31 
proceeded stereoselectively to furnish 40 almost solely 
(α/β = 20 : 1). Encouraged by these promising results, gly-
cosylations with MPEP 2-aminoglucoside 32 were carried 
out subsequently. All acceptors tested including active 
primary acceptor 2a or inert secondary and tertiary accep-
tors 14 and 15, afforded excellent yields of the desired 
products (41: 93%,[43] 42: 98%,[44] 43: 98%).[44] Glycosyla-
tion of 2-acetamidoglycosyl acceptors with thioglycoside 
donors often gives unsatisfactory yield due to the unde-
sired interference of departure species of the leaving 

groups.[20] In sharp contrast, with MPEP glucosides 1c and 
5 as donors, the glycosylations of acetamido-containing 
acceptor 35 [45] proceeded so efficiently that 82% yield of 
44 as well as 90% yield of 45 were recorded, and no evi-
dence supporting the existence of departure species inter-
ference was observed. In particular, the MPEP glycosyla-
tion protocol could also find application in the challeng-
ing β-mannopyranosyl glycosidic linkage construction,[46] 
as illustrated by the condensation between 33 and 2a to 
give the desired β-mannopyranoside 46[47] predominately 
(85%, α/β = 1 : 9) without further optimization. When IP 
glucoside 36 was selected as acceptor to condense with 
orthogonally protected MPEP donor 34, the desired disac-
charide 47 was isolated in a good 80% yield, and no 
premature activation of 36 was detected, implying that 
the present MPEP glycosylation protocol might find ap-
plication in the highly efficient latent-active strategy. 

Table 3. Construction of special glycosidic linkages 
with MPEP glycosides as donors 

 

Latent-active strategy has been proven to be a highly ef-
ficient strategy for the synthesis of complex oligosaccha-
rides and glycoconjugates.[7,8,11,12,17] The appealing efficien-
cy originates from the dual roles of the latent leaving 
group (both as precursor for active donor preparation and 
as protecting group for anomeric positions), which dra-
matically facilitate the synthesis of donors as well as ac-
ceptors decorated with appropriate protecting group sets 
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through omitting the handling of the bothering hemiace-
tal intermediate and/or the introduction of additional 
anomeric protecting groups. The prerequisites for a glyco-
sylation protocol to be applicable in latent-active strategy 
are the stepwise procedure for fabrication of the leaving 
group (active form) and the inertness of leaving group 
precursor (latent form) to a vast variety of reaction condi-
tions including glycosylation conditions. Regarding the 
MPEP glycosylation protocol, the MPEP glycoside (active 
form) was indeed synthesized from IP glycoside (latent 
form) via Sonogarshira reaction, and the IP glycoside has 
been proven to be intact under the TMSOTf/NIS condi-
tion (table 3). To ensure a broad application of the pre-
sent protocol in the latent-active strategy, the stability of 
the IP groups at the anomeric position was further evalu-
ated. Firstly, MPEP glucosides 5, 34 were prepared with IP 
as a suitable protecting group for the anomeric positions 
(Scheme 1). Thus, tetraol intermediate 48[26] was subjected 
to Hung’s one-pot protection procedure, wherein silyla-
tion, benzylidene formation, benzylation, and desilylation 
were involved, to yield 49 (83%, 4 steps).[48] Benzoylation 
of the free OH in 49 delivered 50 (95%), which was then 
exposed to the conditions of regioselectively reductive 
opening of the benzylidene group to afford 51 (91%).[37] 
Benzylation was followed by Sonogashira reaction with p-
methoxyphenylacetylene to convert 51 to MPEP glucoside 
5, the superarmed glucosyl donor,[49] via 52 (73%).[12d] The 
synthesis of orthogonally protected MPEP glucoside 34 
also started with tetraol 48. Benzylidenation of 48 under 
standard conditions furnished 53 (86%), which was then 
subjected to the regioselective silylation conditions to 
give 54 (41%). Benzoylation of 54 delivered 55, the latent 
form of MPEP donor (94%), which was further trans-
formed to the active form 34 via Sonogashira reaction 
(86%). In addition, rhamnosyl donors 8 and 9 from the 
same starting materials further supported that once the IP 
group was introduced to the anomeric position of a par-
ticular type of sugar, the MPEP donors differing in pro-
tecting patterns could be acquired conveniently.[26] 

Scheme 1. ortho-Iodophenyl (IP) group as a stable 
protecting group for the anomeric positions in the 
synthesis of MPEP glycosides with diverse protecting 
groups 

 

With IP as a protecting group for anomeric positions, 
the synthesis of acceptors could also be expedited, as ex-
emplified by the synthesis of 58 (Scheme 2). With 53 as 
the starting material, 58 could be obtained through regi-
oselective allylation (56, 62%),[50] benzoylation (57, 91%), 
and deallylation (73%). In particular, differing from ben-
zylic-type latent donors,[11,12] the phenolic glycoside char-
acter of IP glycosides renders the IP groups withstand 
conditions for the cleavage of benzyl groups on the sugar 
residues, as demonstrated by the preparation of acceptors 
60 and 62. Acid mediated benzylidene removal and ben-
zoylation of the resulting two OHs converted 50 to 59, an 
ideal platform for the investigation of selective removal of 
benzyl group at the presence of anomeric IP. Pleasantly, 
under the oxidative debenzylation conditions (Na-
BrO3/Na2S2O4),

[51] 72% yield of 60 was obtained. Identical 
conditions were then successfully applied to the more 
challenging dibenzylated compound 61, which was syn-
thesized from 51 (99%), and an even better yield of 62 was 
obtained (86%). In addition, the syntheses of acceptors 36 
and 70 also reflected that with IP as anomeric protecting 
group, the synthetic efficiency of a particular type of sugar 
acceptor could be significantly enhanced by sharing the 
common starting materials. 

Scheme 2. ortho-Iodophenyl group as a stable pro-
tecting group for the anomeric positions in the syn-
thesis of glycosyl acceptors with diverse protecting 
groups 
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With the stability of IP glycosides toward a wide panel 
of reaction conditions, including glycosylation conditions, 
acidic and basic conditions, reductive and oxidative con-
ditions, was fully confirmed, our attention was then 
turned to the application of the MPEP glycosylation 
method to the assembly of bioactive oligosaccharide via 
the latent-active strategy. Trisaccharide 67, the key in-
termediate for synthesis of Streptococcus pneumoniae 
type 3 capsular trisaccharide fragment,[52] was selected as 
the target molecule (Scheme 3). Under the effect of 
TMSOTf/NIS, the coupling between donor 5 and acceptor 
58 carrying a latent leaving group IP on its anomeric posi-
tion proceeded without any event, yielding disaccharide 
63 with 84% yield. With the assistance of neighboring 
group participation effect of the benzoyl group on 2-OH 
of the donor, the glycosylation proceeded stereoselective-
ly, and only the desired β-isomer was obtained (for the 
anomeric proton of the donor residue in 63: 4.84 ppm, J = 
7.6 Hz). Activation of 63 was realized through So-
nogashira reaction to give MPEP disaccharide donor 64 
(91%), which was further coupled with 36 under standard 
glycosylation conditions to afford the trisaccharide latent 
donor 65 in a good 84% yield (for the three anomeric pro-
tons: 4.88 ppm, J = 8.0 Hz; 4.73 ppm, J = 8.0 Hz; 4.69 ppm, 
J = 7.6 Hz). Iterative activation of IP trisaccharide 65 by 
Sonogashira reaction delivered MPEP donor 66, which 
was then put to condense with azido hexanol spacer to 
give the target molecule 67 in a highly efficient (86%) and 
stereoselective manner (for three anomeric protons: 4.70 
ppm, J = 7.2 Hz, 4.63 ppm, J = 7.6 Hz, 4.28 ppm, J = 8.0 
Hz). It should be pointed out that even using a trisaccha-
ride MPEP donor in the final glycosylation step, an excel-
lent glycosylation yield was still recorded. Thanks to the 
high potentials of MPEP protocol and latent-active strate-
gy, the synthesis of 67 could be achieved in 5 linear steps 
with 50% overall yield from 5, 58, 36, and azido hexanol 
building blocks. Thus, in combination with latent-active 
strategy, the synthetic efficiency of the MPEP glycosyla-
tion protocol could be further improved. 

Scheme 3. Synthesis of trisaccharide 67 with MPEP 
glycosides as donors via the latent-active strategy 

 

During the methodology establishment investigation, it 
was already confirmed that the MPEP donors were inert 
to catalytic amounts of TMSOTf and Au(I) complex, the 
generally applied conditions for the promotions of glyco-
syl TCAI[6] and ABz donors,[10] giving a hint for the possi-
ble use of MPEP protocol in selective one-pot strategy.[13] 
Thus, with oligosaccharides 71, 73, and 75 as the target 
molecules, we decided to explore the feasibility of apply-
ing MPEP donors to the selective one-pot oligosaccharide 
synthesis strategy. With the building blocks equipped 
with appropriate protecting sets in hand,[26] the synthesis 
of these oligosaccharides through one-pot strategy was 
investigated subsequently (Scheme 4). TCAI donor 68[53] 
and ABz acceptor 69 was treated with TMSOTf (0.2 eq) at 
-15 oC. After the stirring was continued at the same tem-
perature for 1.5 h, MPEP acceptor 70 and Ph3PAuNTf2 (0.2 
eq) was added successively at the same temperature. The 
resulting reaction mixture was warmed up to room tem-
perature and the stirring was continued for another 2.5 h. 
Thereafter, the reaction mixture was rechilled to -35 oC, to 
which acceptor 2a, NIS, as well as TMSOTf were added 
successively. Stirring was continued for another 2.5 h at 
the same temperature to furnish 71 (68% overall yield). 
Encouraged by this result, we then turned to the syntheti-
cally more challenging tetrasaccharide 73 terminated by a 
1,4-linked glucosyl residue. Apart from the synthetic chal-
lenge imposed by the chemical structure, the possible 
application of 73 in biological investigation after the tem-
porary MP protecting group removal also justified the 
selection. Thus, following the similar procedures as those 
used for the one-pot synthesis of 71, tetrasaccharide 73 
was obtained in a 65% overall yield with 72 as the termi-
nal acceptor. It deserved further comments that although 
a challenging 1,4-glycosidic linkage construction with 
MPEP trisaccharide donor was entailed in the last step, no 
evident overall yield drop was observed in the synthesis of 
73. Expectedly, the trisaccharide 75 could also be obtained 
by the same strategy with 68, 74, and 2a as building 
blocks (71% overall yield). In all glycosylations with MPEP 
glycosides acting as acceptors, no MPEP group migration 
was observed. To ensure the correctness of all synthetic 
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oligosaccharides, either derivatization (for 71 and 73) or 
re-syntheses via routine stepwise glycosylation procedure 
(for 71 and 75) were carried out.[26] Compared with the 
conventional stepwise synthetic procedure, the MPEP 
donor involved one-pot procedure enjoys the advantages 
of efficiency (68%, 65%, and 71% overall yields), swiftness 
(7.0 h for each tetrasaccharide and 4.3 h for the trisaccha-
ride), and convenience (avoiding the glycosylation-
interval workups and intermediate purifications). 

Scheme 4. Synthesis of oligosaccharides 71, 73 and 75 
via selective ‘one-pot’ strategy 

 

After the novel MPEP glycosylation protocol was suc-
cessfully set up and the synthetic potential was show-
cased, a plausible mechanism of the NIS/TMSOTf medi-
ated glycosylation was put forward as shown in figure 1. 
The combination of NIS and TMSOTf resulted in the for-
mation of iodonium species, which attacks the adjacent 
terminus of alkyne C-C triple bond (relative to the sugar 
residue) regioselectively to generate iodovinyl cation spe-
cies B (B’). The anomeric oxygen atom then attacks the 
originally remote alkyne carbon of B (B’) to generate oxo-
carbenium ion D. Meanwhile, as the departure form of 
the leaving group, 3-iodo-benzofuran C is ejected. The 
oxocarbenium D would accept the approach of alcoholic 
nucleophiles to deliver the glycosylation product E and 
H+. H+ can then be captured by silylated succinimide to 
produce succimide and regenerate TMSOTf, which can 
participate in the next catalysis cycle. 

 

Figure 1. Proposed reaction mechanism of MPEP glycosyla-
tion protocol 

The proposed mechanism was supported by precedent-
ed literatures. Two pathways of alkyne iodination have 
been testified by spectroscopic and theoretical investiga-
tions: cyclic iodonium and iodovinyl cation pathways. 
Mild iodination reagents such as I2 tended to afford prod-
ucts through symmetric cyclic iodonium pathway; while 
iodonium ions (I+) tended to activate alkyne triple bond 
via an open iodovinyl cations.[54a,b] For alkyne structure 
factors, terminal alkynes inclined to be activated through 
cyclic iodonium pathway; while the internal alkynes were 
prone to be activated by iodovinyl cation intermedi-
ate.[54c,d] In the case of MPEP glycosylation protocol, as 
both iodonium ion and internal alkyne are involved, thus 
the iodovinyl cation pathway is presumably favored. The 
substitution pattern of the phenyl rings flanking the al-
kyne functionality in A induced the polarization of the C-
C triple bond to a great extent (for 1c the two alkynyl car-
bons resonated at 83.1 and 94.2 ppm, respectively), thus 
the regioselectivity of iodination was guaranteed (at the 
carbon close to the sugar residue with a chemical shift of 
83.1 ppm). In fact, taking full advantage of the inertness of 
disarmed rhamnosyl MPEP donor 6, the iodovinyl cation 
species could be trapped as 76a and 76b through the 
highly reactive intermediates F and G (Scheme 5). Thus, 
under the promotion of NIS/TMSOTf, the reactive iodo-
vinyl cation species B (B’) is formed first, which is trapped 
by the nucleophile BnOH to form intermediate F. The 
enol ether character of the double bond in intermediate F 
would be more susceptible to iodonium attack, thus ac-
cepting a new round attack of iodonium to give gem-
diiodo ketone G and to generate dibenzyl ether (Bn2O), 
which was confirmed from the reaction mixture by GC-
MS.[26] The gemdiiodo species is highly reactive, and can 
be trapped by BnOH to afford α-ketone ketal 76a,[55] 
which was isolated and thoroughly characterized as the 
major product accompanied by di-ketone compound 
76b.[26] Compound 76a could be gradually concerted to 
76b in a NMR tube in CDCl3. 

Scheme 5. Trapping of the iodovinyl cation species 
B/B’ with donor 6 and BnOH 
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According to the mechanistic proposal, two factors 
would influence the glycosylation profoundly: the stabil-
ity of cationic species B (B’) and the nucleophilicity of the 
anomeric oxygen. When the cationic species B (B’) is too 
stable such as those derived from donor 1d with three 
electron-donating substituents on the terminal phenyl 
ring, the attack of anomeric oxygen to cationic species 
would be retarded, accordingly the reactivity the donor 
would be reduced. Indeed, our experimental results have 
demonstrated that donor 1d had a reduced reactivity 
compared to its 1c counterpart. Similarly, the reduced 
nucleophilicity of anomeric oxygens could also lead to 
reactivity decline in MPEP donors. The inert property of 
CF3-containing donors 1f-1i could be ascribed to the re-
duced nucleophilicity of the anomeric oxygen due to the 
electron-withdrawing property of CF3. This is also the 
underlying reason responsible for the extremely low reac-
tivity of disarmed and superarmed MPEP rhamnosyl do-
nors 6, 7 and 9:[56] the antiperiplanar arranged (relative to 
the anomeric MPEP group) and electron-withdrawing 2-
OBz groups decrease the nucleophilicity of the anomeric 
oxygens. Logically, it was deduced that the reactivity of 
MPEP rhamnosyl donors could be improved simply by 
changing the axial α configuration to the equatorial β 
configuration. To check this assumption, the disarmed, β-
configured MPEP rhamnoside 77 was prepared and sub-
jected to condensations with acceptors 2a and 15 (Scheme 
6). To our delight, the desired glycosides 78 and 79[12d] 
were obtained stereoselectively (only α isomer) and effi-
ciently (92% and 90%, respectively, Scheme 6), further 
supporting the correctness of the mechanistic proposal. 
Additional evidence to support the reaction mechanism 
was provided by the isolation and characterization 3-iodo-
2-(4-methoxyphenyl)benzofuran C,[24] the cleaved form of 
the leaving group. 

Scheme 6. Glycosylation of 2a and 15 with β-
configured MPEP rhamnoside donor 77 

O
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CONCLUSIONS 

In summary, ortho-(para-
methoxyphenylethynyl)phenyl (MPEP) glycosides have 
been fully demonstrated to be novel and potential glyco-
syl donors, which could be applied in the constructions of 
a wide range of glycosidic linkages. The two-step prepara-
tion sequence of MPEP donors (2-iodophenol installation 
and Sonogashira reaction) as well as the outstanding sta-
bility of 2-iodophenyl (IP) glycosides against a wide varie-
ty of reaction conditions required for protecting group 
manipulations and glycosylations rendered the brand-
new glycosylation protocol applicable in the latent-active 
synthetic strategy, wherein IP glycosides served as the 
latent donors while MPEP glycosides as the active donors. 
Transformation of the latent donors to their active forms 
utilized the Sonogashira reaction, whose high-yielding, 
scalable, and broad functional group compatibility prop-
erties safely guaranteed the efficiency of MPEP donor 
preparation. The combination of MPEP glycosyl donors 
with latent-active strategy led to the highly efficient syn-
thesis of the key intermediate for Streptococcus pneu-

moniae type 3 capsular trisaccharide fragment (5 steps 
with 50% overall yield). Even in the active form, MPEP 
glycosides tolerated well the reaction conditions required 
for the activation of glycosyl TCAI donors and ABz donors, 
qualifying MPEP glycosides to be viable donors in the 
selective one-pot synthetic strategy. As a result, orches-
trated application of MPEP glycoside donors, glycosyl 
TCAI and ABz donors to the selective one-pot synthesis 
strategy has been proved to be fruitful, and two complex 
tetrasaccharides as well as one trisaccharide were ob-
tained in 68%, 65%, and 71% yields via successive glyco-
sylation procedures omitting of glycosylation-interval 
workup, intermediates separation, and characterization. 
Although relying on identical activation conditions to 
thioglycosides, with odor-free ortho-iodophenol as start-
ing material, stable 3-I benzofuran as the departure spe-
cies of the leaving group, and phenyl O-glycosides with 
decreased nucleophilicity compared to their S-
counterparts as donor, the MPEP protocol successfully 
overcame the three main defects plaguing thiglycoside 
donors, including unpleasant odor, detrimental interfer-
ence of the cleaved leaving group, and undesired aglycon 
transfers. At the same time, the prominent features of 
thioglycoside donors, such as shelf-stability, dual roles of 
the leaving group, broad substrate scopes, mild activation 
conditions, and versatile application in different glycoside 
synthesis strategies, are largely maintained. Therefore, as 
a novel glycosylation protocol, the MPEP glycoside meth-
od may find broad applications in syntheses of complex 
oligosaccharides and glycoconjugates in the due future. 
Based on previous literatures and experimental results, a 
convincing reaction mechanism was also put forward, 
which was supported by the trapping of iodovinyl cation 
intermediates, design of the β-configured disarmed 
rhamnosyl MPEP donor, and isolation and characteriza-
tion of the departure species of the leaving group. 
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O
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MeO

PGO

O
PGO OR

ROH, NIS, TMSOTf

AW MS, DCM, -35 oC

Shelf-stable donors and mild conditions
Broad substrate scopes
Good to excellent glycosylation yields
Suitable for 'latent-active' strategy
Applicable to orthogonal 'one-pot' strategy  
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