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Abstract—Triglucosylated high-mannose-type tetradecasaccharide (Glc3Man9GlcNAc2), the oligosaccharide part of the donor sub-
strate of oligosaccharyl transferase (OST) complex, and diglucosylated tridecasaccharide (Glc2Man9GlcNAc2) were synthesized.
These oligosaccharides were assembled in a convergent and stereoselective manner. Undecasaccharide 5 was employed as the
common intermediate, and coupling with trisaccharide (4) and disaccharide (3) donor afforded fully protected tetradeca-(17) and
tridecasaccharide (16), respectively. These oligosaccharides were deprotected to give Glc3Man9GlcNAc2 and Glc2Man9GlcNAc2,
respectively.
� 2005 Elsevier Ltd. All rights reserved.
Figure 1. Transfer of tetradecasaccharide from dolichyl pyrophos-

phate to protein.
Addition of asparagine (Asn)-linked oligosaccharide
(N-glycosylation) is an important and highly conserved
modification of secretory and membrane-bound eukaryo-
tic proteins.1 The key step along this pathway is the
transfer of tetradecasaccharide (Glc3Man9GlcNAc2),
which occurs in the lumen of the endoplasmic reticulum
(ER).2 This oligosaccharide is assembled on dolichyl
pyrophosphate (Glc3Man9GlcNAc2-pp-Dol, 1b) and
transferred en bloc to the Asn-X-Ser/Thr sequence of
nascent polypeptide chains (Fig. 1). This transformation
is catalyzed by oligosaccharyltransferase (OST), a hetero-
oligomeric membrane-bound protein complex.3 After
being transferred, protein-bound Glc3Man9GlcNAc2
(1a) is trimmed by glucosidase-I (to Glc2Man9GlcNAc2,
2a) and then by glucosidase-II (to Glc1Man9GlcNAc2
and Man9GlcNAc2).

Since Glc3Man9GlcNAc2-pp-Dol is the preferred sub-
strate of OST, the presence of glucotriose (Glca1!2-
Glca1!3Glca; Glc3) has been inferred to be important
for OST recognition.4 It has been suggested that this tri-
saccharide part has a well-defined conformation and,
possibly, functions as the recognition epitope.5 How-
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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ever, due to the poor availability of the full length
substrate such as Glc3Man9GlcNAc2-pp-Dol,6,7 most
in vitro studies have been carried out with truncated
derivatives.8 Although Glc3Man9GlcNAc2 is the key
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intermediate in glycoprotein biosynthesis, its chemical
synthesis has yet to be achieved.

As part of our effort toward comprehensive synthesis
of glycan chains9 related to glycoprotein processing,10

we wish to report herein the first chemical synthesis
of Glc3Man9GlcNAc2 (1c) as well as its glucosidase-I
product Glc2Man9GlcNAc2 (2b).

The target sugar chains were divided into di/trisaccharide
and undecasaccharide fragments as depicted in Scheme 1.
Because, we previously observed that, when thioglyco-
side was used as a donor, the use of 4,6-O-benzylidene
protected donor was important for a-selective glucosyl-
ation at 3-position of mannose,9a Glc2 and Glc3 donors
were designed as 3 and 4, respectively. Synthesis of the
undecasaccharide fragment 5was described previously,9a

which can now be performed in multigram scale.

Preparation of 3 and 4 was conducted as shown in
Scheme 2. Previously reported synthesis of the Glc3 se-
Scheme 1. Oligosaccharide fragments 3 and 4 for the synthesis of

Glc3Man9GlcNAc2 1 and Glc2Man9GlcNAc2 2.

Scheme 2. Reagents and conditions: (1) DAST, CH2Cl2, �40 �C, 3 h,
92%; (2) Cp2HfCl2, AgOTf, MS 4A, CH2Cl2, �40 �C, 7 h, 90%; (3)

DDQ, CH2Cl2/H2O, rt, 12 h, 73%; (4) CCl3CN, DBU, 0 �C, 1 h,

quant.; (5) SOCl2, DMF (cat.), CH2Cl2, 0 �C, 4 h, quant.; (6) 14,

TMSOTf, MS-AW300, toluene, �40 �C, 2 h, 45%; (7) 15, AgOTf, di-

tert-butyl-4-methylpyridine (DTBMP), MS 4A, toluene/

ClCH2CH2Cl = 2:1, �20 �C–rt, 12 h, 51% (b-isomer 6%); (8)

Cp2HfCl2, AgOTf, MS 4A, ether/toluene = 2:1, �40 �C, 7 h, 63%.
quence either required a large excess of glucosyl bromide
or resulted in incomplete selectivity.7 We planned to use
3,4,6-O-acylated glucosyl donors (11, 14/15) for stepwise
elongation. It was envisaged that these donors were suf-
ficiently deactivated to exhibit the desired a-selectivity11

and to minimize premature decomposition during acti-
vation. These components were prepared from 2-OH
derivative 7 and hemiacetal 8, which in turn were pre-
pared as described by Suzuki et al. from glucosyl bro-
mides 9a/b via cyclic acetals 10a/b.12 Hemiacetal 8 was
then converted to the fluoride 11 using diethylaminosul-
fur trifluoride (DAST) in 92% yield. Glycosylation of 7
with 11 (2 equiv) using Cp2HfCl2 and AgOTf13 in
CH2Cl2 afforded disaccharide 12 as a single isomer in
90% yield.14 Removal of the p-methoxybenzyl (PMB)
group using DDQ afforded hemiacetal 13 (73%) that
was converted to imidate 14 (quant.) and chloride 15
(quant.). When imidate 14 (1.3 equiv) was used as the
glycosyl donor15 to react with 6, under activation with
TMSOTf in toluene, trisaccharide 4 was obtained in
45% yield as a single stereoisomer.14 The same product
was obtained with chloride 15 (1.5 equiv) in slightly
higher yield, however, with reduced selectivity (57%,
a:b = 8.5:1). On the other hand, coupling of fluoride
11 (1.5 equiv) with 6 provided 63% yield of disaccharide
3 as a pure a-siomer [dH 5.73 (d, J 3.60 Hz); dC 95.56
(1JC–H 172 Hz, C-1)].14

Although yields of glycosylation steps toward 3 and 4
were modest, these di/triglucosyl fragments were ob-
tained with high stereochemical purity and can be used
directly for the next coupling without further manipul-
ation of the anomeric position.

With all oligosaccharide components in hand, fragment
condensation was undertaken as shown in Scheme 3.
Thus, tridecasaccharide skeleton was constructed using
3 (1.7 equiv) and 5, through thioglycoside activation
Scheme 3. Reagents and conditions: (1) MeOTf, MS 4A, DTBMP,

ClCH2CH2Cl/cyclohexane = 1:4, 50 �C, 12 h, 85% (14), 57% (15;

a:b = 8.5:1); (2) ethylenediamine, n-BuOH, 90 �C; (3) Ac2O, pyridine,

DMAP, rt; (4) NaOMe/MeOH, 40 �C; (5) Pd(OH)2, H2, MeOH/

AcOH/H2O = 5:1:1, rt.



Figure 2. 1H NMR spectra (400 MHz, D2O, 23 �C, referenced to HOD

adjusted to 4.65 ppm) of tridecasaccharide 2b (A) and tetradecasac-

charide 1c (B). Anomeric signals derived from a-Glc are indicated by

arrows.
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by MeOTf16 to afford 16 as a single isomer in 85% yield.
On the other hand, glycosylation of 5 with trisaccharide
donor 4 (1.6 equiv) gave 57% yield of tetradecasaccha-
ride 17, which, unfortunately, contaminated with a
detectable amount of the b-isomer (a/b = 19:1). Since
no chromatographic conditions were found to separate
these isomers in a preparative scale, the mixture was
carried on further. Complete deprotection of 16 was
performed as follows: (1) conversion of phthalimide
groups to acetamide, (2) Pd(OH)2 catalyzed debenzyl-
ation, and (3) deacetylation, to give tridecasaccharide
2b17 in 48% overall yield. The presence of 2 a-linked
Glc was confirmed by 1H NMR [dH 5.212 (d, J
3.66 Hz), 5.121 (d, J 3.66 Hz)]. Tetradecasaccharide 17
was deprotected in the same manner, and final purifica-
tion by HPLC using Fluorex column (conditions; 20/
· 250 mm, eluent; H2O, flow rate: 10 ml/min, detection
UV 214 nm) allowed the isolation of anomerically pure
1c [dH 5.381 (d, J 2.2 Hz), 5.122 (d, J = 3.17 Hz, 1H),
5.034 (d, J = 2.9 Hz, 1H)] in 56% yield.18 The 1H
NMR spectrum of 1c and 2b were in excellent agreement
with those reported for closely related compounds (Fig.
2).19

In conclusion, convergent and stereoselective synthetic
routes to Glc3Man9GlcNAc2 (1c) and Glc2Man9Glc-
NAc2 (2b) were established. These oligosaccharides will
be valuable standards to reveal protein–oligosaccharide
interactions involved in glycoprotein biosynthesis. Fu-
ture studies are going to be directed to the development
of practical methodology to convert them to oligosac-
charide–dolichyl pyrophosphate conjugates.
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