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Route to Asn—Core Pentasaccharide Conjugate
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Abstract—The intact peptide sequence (18) as well as its glycoform carrying an N-linked core pentasaccharide (1) of CD52 antigen
were prepared by means of solid-phase synthesis employing Fmoc-amino acids and benzyl-protected oligosaccharide-asparagine
cenjugate (3) as building blocks. It was concluded that the pentasaccharide structure had little influence on further peptide
elongation in solid-phase synthesis and the benzylated pentasaccharide moiety was sufficiently stable to the 95% TFA acidic
cenditions used to release glycopeptide from the supporting resin. The paper also describes an efficient route leading to
asparagine—core pentasaccharide conjugate (3) which was prepared in seven steps for an overall yield of 23% from monosaccharide
units 5, 6, 7 and 8. © 1997 Elsevier Science Ltd.

Introduction by solid-phase synthesis, one must consider several
possible problems in advance, even though the solid-
phase strategy has been successfully employed in the
synthesis of glycopeptides containing relatively simple
oligosaccharide structures:’ (1) the influences of large
sugar moieties on the coupling reaction of asparagine to
the peptide backbones, as well as the influences of sugar
moieties on the coupling reactions of further peptide
elongation; (2) the stability of the sugar moiety,
especially the o-mannopyranosyl 1—6 and the f-
mannopyranosyl 1—4 linkages which are rather labile

With the increased understanding of the biological
functions of glycoproteins as the recognition signals for
various phenomena,' such as cell-growth regulation,
cell-recognition, invasion, metastasis, host immune
surveillance and differentiation, the synthesis of glyco-
peptides and glycoproteins has become the focus of
numerous research efforts and many breakthroughs
have been made.” However, glycopeptide synthesis is
still recognized as a challenging problem in current

organic chemistry, because in order to pursue synthetic to acidic conditions, against the 95% TFA treatment
studies toward glycopeptides, a sophisticated and used in the standard Fmoc method for releasing the
interactive combination of carbohydrate chemistry and peptide chain from the resin in the solid-phase synthesis
peptide chemistry is required.” Although recent studies of glycopeptides. In order to address all these problems,
have resulted in dramatic progress in both fields, they we have chosen the glycopeptide structure of a CD52
arz still considered quite separately and the most antigen containing an N-linked core pentasaccharide
optimized strategies established for each of them may structure (1) as the target for the practice of solid-phase
nct be compatible with each other. Therefore, for the synthesis.

successful synthesis of a complex glycopeptide, proper

choices of the synthetic and protective strategies as well CD52 antigen is a GPlI-anchored glycoprotein ex-
as the coupling and deprotection conditions are pressed on virtually all human lymphocytes. Mono-
fundamentally important. In addition, synthesis of a clonal antibodies against this antigen are potent
large quantity of complex oligosaccharides is still a effectors of complement-mediated lysis and have been
time-consuming and sometimes difficult task. There- widely used in vivo and in vitro for the control of graft
fore, all the present synthetic practices towards glyco- versus host disease and for the prevention of bone
peptides used relatively simple oligosaccharide marrow transplant rejection.® Structural studies on
moieties, but naturally occurring glycoproteins may CD52 revealed that it is a remarkable glycoprotein in
co1tain rather complicated oligosaccharide structures. that it is overwhelmingly glycosylated: although it has an
Recently, we have disclosed the synthesis of an N-linked apparent molecular weight of 21-28 kDa, its peptide
glycopeptide carrying core pentasaccharide in which the chain is made up of only 12 amino acid residues. It is
glycoasparagine building block was designed on the actually the shortest cell-surface glycoprotein ever
basis of the Fmoc method and used in solution to found.® Within the structure of CD52, there is only
construct a tripeptide sequence of human chorionic one N-glycosylation site carrying complex-type, tetra-
gonadotropin (hCG).* However, if one wants to antennary oligosaccharide chains and the GPI anchor is
synthesize an N-linked glycopeptide carrying oligosac- linked to the C-terminal of peptide chain.* The
charide structures so complex as a core pentasaccharide simplicity of the CD52 peptide sequence makes CD52
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glycopeptide an ideal synthetic target as well as a good
model for pursuing strategic studies on glycopeptide
synthesis and for studying the influences of N-linked
oligosaccharides on the conformation and the biological
properties of a glycopeptide.

Results and Discussion

For the synthesis of target compound 1, we employed a
strategy (shown in Scheme 1) that was based on solid-
phase synthesis involving Fmoc-amino acids and benzyl-
protected oligosaccharides (3).° Using benzyl as pro-
tective groups of oligosaccharides has several advan-
tages. First, benzylated sugars have high reactivity
during glycosylation reactions, which is of obvious
significance for the synthesis of complex oligosacchar-
ides. Second, the stability of benzyl groups towards
basic conditions eliminates the possible side reactions
during the elongation of peptide chain, such as
potential acyl exchange between acylated sugar moieties
and peptide N-terminals. Third, benzyl groups can be
removed easily under mild conditions, e.g. catalytic
hydrogenolysis. In addition, the strategy of using benzyl
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Scheme 1. Retro-synthesis of CD52 glycopeptide.

as a protective group can be advantageous when the
synthetic target contains sialic acid.”

Therefore, our present study began with the prepara-
tion of the key building block 3 (Scheme 1). For the
preparation of a key intermediate trisaccharide 4, based
on the idea of orthogonal glycosylation strategy® we
designed monosaccharide units 6, 7 and 8 for direct
glycosylations. Compounds 6,” 7° and 8* were prepared
from D-mannose and D-glucosamine, respectively.
Then, as shown in Scheme 2, reaction of 6 and 7,
promoted by silver alumina-silicate,” afforded a 91%
yield of mixture of 9 and its a-isomer in a ratio of
1.4:1.0, with the anomeric fluoride untouched. Com-
pound 9 was easily isolated from the reaction mixture by
column chromatography and was then employed
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Scheme 2. Synthesis of core pentasaccharide-Asn conjugate (3). (a)
Silver alumina-silicate, MS 4A, CH,Cl,, 0 °C to rt, 3 h, 91% (a:p =
1.0:1.4). (b) MS 4A, Cp,HfCl,, AgCIO,, 8, CH,Cl,, —20 °C to rt,
overnight, 76%. (c) [Ir(COD)(PMePh,),|Pf,, THF, rt, 1 h; then HgO/
HgCl,, acetone, rt 1 h, 86%. (d) AgOTf, MS 4A, 5, CH,Cl,, —40°C to
rt, overnight, 97%. (e) (i) NH,CH,CH,NH,, n-BuOH, 90 °C, 44 h; (ii)
Ac,0 in MeOH (1:2), 0 °C, 2 h, 92%. (f) (i) Lindlar catalyst, H,,
MeOH, rt, overnight, 75%. (g) TFA-CH,Cl, (1:2), rt, 2 h, 98%.
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directly as the glycosyl donor for the next glycosylation.
Compared to the process we recently reported,* the new
route saved two steps: (1) the oxidative cleavage of the
protective group in 10, in which step purification of the
resulting hemiacetals from the brown contaminants was
proved to be time-consuming and the yield relatively
low (70%), and (2) fluorination of the resulting
hemiacetals. Reaction of 9 with 8 in the presence of
hafnocene dichloride-silver perchlorate (1:2)" resulted
ir trisaccharide 11 (76%) stereoselectively. Deallylation
0~ 11 was achieved by an iridium-catalyzed process' to
aiford 4 (86%) which was then reacted with 5, using
sitver trifluoromethanesulfonate as a promoter, to give
pentasaccharide 12 (97%) stereoselectively. In the
structure of 12, the 2-hydroxyl groups of two a-
mannosyl residues, protected as acetates, were easily
discriminated from all other hydroxyl groups, and it is at
these positions that further elongation occurs in natural
N-linked oligosaccharide chains. Therefore, the present
synthetic strategy is also compatible with the synthesis
o more extended structures. Dephthaloylation of 12
with ethylenediamine in n-butanol® followed by sub-
sequent acetylation of the resulting product in acetic
anhydride and methanol were carried out in a one-pot-
two-step manner without purification to produce 13 in
922% yield. During all these transformations, anomeric
azide was unaffected. Then, reduction of the azide
group in 13 with a Lindlar catalyst under a hydrogen
atmosphere followed by selective acylation of the
resulting oligosaccharyl amine by activated asparagine,
using standard 1-hydroxybenzotriazole (HOBt)/N,N'-
dicyclohexylcarbodiimide (DCC) activation method,"
give the desired product 14 (75%). Finally, the
carboxylic group of 14 was deprotected by treatment
with 34% TFA in dichloromethane to give 3 (98%),
which was ready to be applied to the coupling with
peptide backbone by the Fmoc method. Therefore, by
the present route, core pentasaccharide-asparagine
conjugate 3 was prepared in only seven steps from
monosaccharide units 5, 6, 7 and 8 in an overall yield of
22% and the syntheses of related pentasaccharides were
carried out on multi-gram scales.

For the synthesis of target compound 1 (Scheme 3), a
peptide fragment Asp*~ Ser linked to HMP-resin (15)
wis first constructed, starting from serine-preloaded
HMP-resin, with an automatic synthesizer using the
ready-made program and standard Fmoc method on a
0.25-mmol scale with an efficiency of 99.4% (monitored
by ninhydrin reaction). The coupling reactions were
pursued in N-methylpyrrolidone (NMP) using DCC-
HOBt as the activating agent and ¢-butyl and trityl as
the protective groups of the side chains of Asp/Thr/Ser
and Gln, respectively. After deprotection of N-terminal
in 15 with 20% piperidine in NMP at room tempera-
ture, the resulting peptide 2 (quantitative yield) having
free N-terminal was coupled with Asn-pentasaccharide
conjugate 3 manually, i.e. the mixture of 3 (2.4 equiv)
activated by HOBt-DCC (2.8 equiv) and 2 (1.0 equiv)
suspended in NMP was shaken on a vortex mixer
overnight. Thus, after filtration, washing and drying
overnight in vacuo, glycosylated peptide fragment

linked to resin (16) was obtained in 98% yield and the
excess amount of 2 was recovered from the solution as a
mixture of 3, its activated ester and some other side
products. Compound 16 was applied to automatic
synthesizer again and the peptide chain elongation
was carried out on a 0.1-mmol scale according to the
ready-made program to give 17 (94% by weight). The
result has clearly shown that coupling of the Asn-
pentasaccharide conjugate 3 with a resin-peptide could
be easily and efficiently carried out under common
reaction conditions and the benzylated oligosaccharide
chain did not show any steric problem for further
elongation of the peptide chain. Releasing glycopeptide
from the resin was realized by treating the loaded resin
17 with a 95% TFA aqueous solution containing 2.5%
1,2-dimercaptoethane, under which conditions the
protective groups on amino acid residues were also
removed concomitantly. Figure 1 is the high perfor-
mance gel permeation chromatogram of the product
released from resin. Peak 1 was the expected benzylated
glycopeptides, containing both fully benzylated (MS:
M+Na = 3201) and substantial amounts of debenzyl-
ated derivatives, including mono-, di- and tri-debenzyl-
ated (MS: M+Na = 3113, 3024 and 2932, respectively).
The well-separated peaks 2-5 contained the glycopep-
tides carrying either a disaccharide (MS: M+1 = 1975,
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Figure 1. High performance gel permeation chromatogram of
benzylated CD52 glycopeptide released from resin support. Peak 1:
CD52 glycopeptide containing pentasaccharide structures. Peaks 2-5:
CD52 glycopeptide containing di- or monosaccharide structures and
nonglycosylated peptide deleting Asn. Peaks 6-9: nonpeptide
nonsugar products.
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Scheme 3. Solid-phase synthesis of CD52 glycopeptide.

M+Na = 2001) or a monosaccharide (MS: M+Na =
1614, M+K =1630) unit as well as the asparagine-
deleting peptide (MS: M+Na = 1118). Peaks 6-9 were
non-peptide, non-sugar products. As shown in Figure 1,
among the product mixture, only a minor quantity
(<2%) of glycopeptides containing degraded sugar
moieties was formed during the cleavage of peptide
chain from the resin. Therefore, although substantial
amounts of glycopeptide was debenzylated, the back-
bone of the oligosaccharide chain was sufficiently stable
to the 95% TFA condition used. Then, the fractions
(Peak 1) containing the fully benzylated glycopeptide as
well as its mono-, di- and tri-debenzylated derivatives
were completely debenzylated by hydrogenolysis using

20% Pd(OH), on charcoal as the catalyst (room
temperature, 4 days). Filtration followed by in vacuo
concentration of the reaction mixture afforded a solid
residue which was purified first by high performance gel
filtration to afford the expected product 1 (81% from
17, purity ; 95% by NMR) as a white solid and then by
reversed phase HPLC. The structure of 1 was estab-
lished both by 'H NMR (Fig. 2) and MS (M+1 =
2102.7, M+Na = 2125.7, M+K = 2141.0, M+2Na—1=
2147.1).

In order to pursue the investigations of the influences of
N-linked glycan both on the solution conformation and
on the biological activities of CD52 glycopeptide, we
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Figure 2. 'H NMR spectra of CD52 glycopeptide (1) recorded at (a) 25 °C and (b) 60 °C.

have also prepared the non-glycosylated CD32 peptide
18 by solid-phase synthesis. As shown in Scheme 4,
peptide fragment Asp* ~ Ser'” on resin support (15) was
applied to the automatic synthesizer for the elongation
of the peptide chain on a 0.1 mmol scale. The resulting
resin-peptide 19 (86% yield based on weight) was then
treated with a 95% TFA aqueous solution containing
2.5% 1,2-dimercaptoethane to give the free peptide 18
(95% yield, 98% purity by NMR and HPLC) which was
further purified by RP-HPLC.

Fmoc-Asp(tBu)-Thr(tBu)-Ser(tBu)-Gln(Trt)-Thr(tBu)-Ser(tBu)-Ser(tBu)-Pro-Ser(tBu)-O{: :

e

In summary, N-linked CD52 glycopeptide was prepared
by means of solid-phase synthesis, which represents a
first example for synthesis of an intact natural
glycopeptide sequence carrying an N-linked core
pentasaccharide. The results revealed that the benzyl-
ated pentasaccharide moiety did not affect the coupling
efficiencies during further elongation of the peptide
chain and that the benzylated pentasaccharide moiety
was sufficiently stable to the acidic conditions used to
release glycopeptide chain from the supporting resin,

1. 20% piperidine in NMP
2. Fmoc-amino acid + HOBt + DCC

H-Gly-GIn(Trt)-Asn(Trt)-Asp(tBu)-Thr(tBu)-Ser(tBu)-GIn(T rt)-Thr(tBu)-Ser(tBu)-Ser(tBu)-Pro-Ser(tBu)-O4:

19

95% l 95% TFA, 2.5% HSCH,CH,SH, 2.5% H,0

H-Gly-GIn-Asn-Asp-Thr-Ser-Gln-Thr-Ser-Ser-Pro-Ser-OH

18
Scheme 4. Solid-phase synthesis of CD52 peptide.



1922 Z.-W. Guo et al.

and thus paved a way to the synthesis of more complex
glycopeptides containing complicated sugar structures.
The non-glycosylated CD52 peptide was also prepared
by solid-phase synthesis, and the influences of the
oligosaccharide chain on the conformation as well as
the bio-activities of the peptide are now under further
investigation. In addition, we have also presented
herein an alternative and efficient route leading to
Asn-linked core pentasaccharide. Thus, Asn—core, the
pentasaccharide conjugate 3, was prepared in seven
steps for an overall yield of 23% from monosaccharide
units 5, 6, 7 and 8.

Experimental

General methods

Optical rotations were measured at 23 + 2 °C with a
Jasco DIP 370 polarimeter. 'H and »C NMR spectra
were recorded with either a Jeol EX 270 or a Jeol o600
spectrometer, for solutions in CDCl; with TMS as
internal standard otherwise indicated. MALDI-TOF
mass-spectra were obtained with a Bruker REFLEX
(2,6-dihydroxybenzyoic acid was used as a matrix).
Analytical TLCs and preparative TLCs were performed
on precoated silica gel 60 F254 glass plates (Merck).
Silica gel column chromatography (CC) was performed
with silica gel 60 (Merck). Molecular sieves were
purchased from Nakarai Chemical and were activated
at 180 °C under vacuum immediately prior to use. All
reactions except hydrogenation were performed in
anhydrous solvent under dry N, atmosphere. Peptide
synthesis was performed with an Applied Biosystem
Model 431A Peptide Synthesizer. Fmoc-Ser-preloaded
HMP-resin, Fmoc-amino acids in cartridges and the
reagents for peptide synthesis were purchased from
Applied Biosystems.

3,6-Di-0-allyl-2,4-di-O-benzyl-B-D-mannopyranosyl-
(1—4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-f-D-
glucopyranosyl fluoride (9). To a stirred mixture of
compound 7 (0.70 g, 1.4 mmol), silver alumina-
silicate (3.00 g, 9.0 mmol) and molecular sieves 4A
(5.0 g) in CH,Cl, (20 mL) was added a solution of
compound 6 (1.80 g, 3.6 mmol) in CH,Cl, (8 mL) at
—20 °C. After stirring at 0 °C for 1 h and at room
temperature for 2 h, the mixture was filtered through
Celite and the filtrate was evaporated to dryness in
vacuo. The residue was separated by silica gel CC
(toluene:EtOAc, 8:1) to afford compound 9 (0.68 g,
53%)* and its a-isomer 9o (0.49 g, 38%) as glassy
solids. 9: [a]p +29.1° (¢ 3.1 in CHCly); R; 0.56
(toluene:EtOAc, 6:1); '"H NMR (270 MHz): 8 8.19-
6.75 (m, 24 H, H-aromatic), 5.96-5.71 (m, 2 H, 2 H-
AllP), 5.85 (dd, 1 H, J,, 7.3 Hz, J,; 54.1 Hz, H-1"),
5.33-5.01 (m, 4 H, 2 H-AII'"), 4.96, 4.91, 487 4.84,
4.68,4.58,4.49,4.47 (4 AB,8 H, 4 H-Bn), 4.51 (s, 1 H,
H- 12) 4.30-4.20 (ABX, 2 H, H213) 4.11 (dd, 1 H,
J34 = J45 8.5 Hz, H-4%), 3.99— 392(m 4 H, 2 H-All**),
3.82(dd, 1 H, J, = J,5 9.6 Hz, H-4!), 3.74-3.54 (m, 6
H, H-5', 6!, 6’1 2%, 6% 6'%), 3.31 (m, 1 H, H-5%), 3.25

(dd, 1 H, J,; 3.0 Hz, H-3%). 9a: [a]p +58.4° (c 1.8 in
CHCI,); R, 0.66 (toluene:EtOAc, 6:1); 'H NMR (270
MHz): & 7.70-6.76 (m, 24 H, H-aromatic), 5.96-5.83
(m, 2 H, 2 H-All’), 5.82 (dd, 1 H, J,, 7.2 Hz, J, s 54.1
Hz, H-1'), 5.32-5.12 (m, 4 H, 2HAll”) 5.27 (s, 1 H,
H12) 4.90, 4.66, 4.61, 4.57, 4.56, 4.51, 4.50, 4.19 (4
AB, 8 H, 4HBn) 4.35 (dd, 1 H, J3482Hz J,3 10.9
Hz, H-3'), 4.31 (dd, 1 H, H-2"), 3,93 -3.88 (m, 4 H, H-
4!, 61 6", 4%), 4.09-3.92 (m 4 H, 2 H-All*), 380(m
1H, H52) 3.78-3.54 (m, 3 H, H51 2%,3%),3.63 (dd, 1
H 15648Hz Jss 10.8 Hz, H- 62) 356(dd 1H,J42.2
Hz, H-6"%).

3,6-Di-0-allyl-2,4-di-O-benzyl-B-D-mannopyranosyl-
(1—4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-B-D-
glucopyranosyl-(1—4)-3,6-di-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl azide (11). After the
mixture of silver perchlorate (2.40 g, 11.2 mmol),
hafnocene dichloride (1.60 g, 5.6 mmol) and MS 4A
(12.0 g) in CH,Cl, (40 mL) was stirred at room
temperature for 0.5 h, a solution of compound 8 (2.10
g, 4.2 mmol) in CH,Cl, (40 mL) was introduced. The
mixture was stirred at —20 °C for 0.5 h and was then
added a solution of compound 9 (3.2 g, 3.5 mmol) in
CH,Cl, (50 mL). The mixture was stirred at room
temperature overnight and filtered through Celite.
The filtrate was washed with aq. NaHCO; and then
brine. The organic layer was dried over anhydrous
Na,SO,, concentrated, and then purified by silica gel
CC (toluene:EtOAc, 5:1) to afford 11 (3.74 g, 76%)*
as a foamy solid.

2,4-Di-O-benzyl-B-D-mannopyranosyl-(1—4)-3,6-di-
O-benzyl-2-deoxy-2-phthalimido-f3-D-glucopyranosyl-
(1—4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-f-D-g-
lucopyranosyl azide (4). A solution of [Ir(COD)-
(PMePh,),IPF, (0.15 g, 0.18 mmol) in THF (100 mL)
was stirred under H, until the red solution became
colorless. Then, the H, atmosphere was replaced with
N, and a solution of 11 (4.50 g, 3.2 mmol) in THF
(100 mL) was added into. The mixture was stirred at
room temperature for 1 h and concentrated in vacuo.
The residue was dissolved in 90% aq. acetone (200
mL) and treated with HgO (0.06 g, 0.25 mmol) and
HgCl, (4.40 g, 16.3 mmol) for 1 h. It was filtered
through Celite and the filtrate was concentrated in
vacuo. CC of the residue gave compound 4 (3.60 g,
86%)* as a white solid.

2-0-Acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl-
(1—6)-[2-0-acetyl-3,4,6-tri-O-benzyl-a-D-mannopyr-
anosyl-(1—3)]-2,4-di-O-benzyl-B-D-mannopyranosyl-
(1—4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-pB-D-
glucopyranosyl-(1—4)-3,6-di-O-benzyl-2-deoxy-2-
phthalimido-B-D-glucopyranesyl azide (12). To a
stirred mixture of 4 (3.44 g, 2.6 mmol), AgOTf (3.99
g, 15.5 mmol) and MS 4A (15.0 g) in CH,Cl, (40 mL)
was added a solution of compound 8 (4.74 g, 9.3
mmol) in CH,Cl, (30 mL) at —40 °C. The mixture was
gradually warmed up to room temperature and
stirred overnight. It was filtered through Celite, and
the filtrate was concentrated and purified by silica gel



Solid-phase synthesis of CD52 glycopeptide 1923

CC (toluene:EtOAc, 8:1) to give 12 (5.70 g, 97%)* as
a white solid.

3.4,6-Tri-O-benzyl-a-D-mannopyranosyl-(1—6)-[3,4,6-
tri-O-benzyl-a-D-mannopyranosyl-(1—3)]-2,4-di-O-
benzyl-p-D-mannopyranosyl-(1—4)-2-acetamido-3,6-
di-O-benzyl-2-deoxy-B-D-glucopyranosyl-(1—4)-2-
acetamido-3,6-di-O-benzyl-2-deoxy-p-D-glucopyranosyl
azide (13). A solution of 12 (0.25 g, 0.11 mmol) and
ethylenediamine (0.2 mL) in n-butanol (7 mL) was
stirred at 90 °C for 2 days. After concentration in
vacuo, the residue was dissolved in MeOH (10 mL),
and then, to the solution was added acetic anhydride
(3 mL) at 0 °C. Two hours later, the mixture was
concentrated in vacuo and the residue was purified by
preparative TLC (CHCl;:MeOH, 20:1) to afford 13
(0.21 g, 92%)* as a white solid.

N%-(9-Fluorenylmethoxycarbonyl)-N*-{3,4,6-tri-O-
benzyl-a-D-mannopyranosyl-(1—6)-[3,4,6-tri-O-benzyl-
o-D-mannopyranosyl-(1—3)]-2,4-di-O-benzyl-f3-D-
mannopyranosyl-(1—4)-2-acetamido-3,6-di-O-benzyl-2-
deoxy-B-D-glucopyranosyl-(1—4)-2-acetamido-3,6-
di-O-benzyl-2-deoxy-B-D-glucopyranosyl }-L-aspar-
agine tert-butyl ester (14). To a solution of Fmoc-—
Asn-Bu' (0.20 g, 0.49 mmol) in CH,Cl, (7 mL) was
subsequently added 1 M HOBt (in NMP) (0.5 mL)
and 1 M DCC (in NMP) (0.5 mL) and the mixture was
stirred at room temperature for 1 h (activation of
asparagine).

A mixture of compound 13 (0.20 g, 0.1 mmol), Lindlar
catalyst (50 mg) and MeOH (40 mL) was stirred at
room temperature for 5.5 h. After filtration through
Celite and concentration in vacuo, to the resulting
residue was added CH,Cl, (2 mL) and then, freshly
prepared solution of activated asparagine (Fmoc-
Bu'-AsnOBt). The mixture was stirred at room
temperature overnight and then concentrated in vacuo.
The residue was separated by a LH-20 column followed
by HPLC purification (Intersil Prep-Sil column,
1) x 250 mm; det. 254 nm; eluent: 1.3% EtOH in
CHCl,;, 5 mL/min; retention time, 6.36 min) to afford 14
(0.18 g, 75%)" as a white solid.

A2-(9-Fluorenylmethoxycarbonyl)-N*-{3,4,6-tri-O-
benzyl-a-D-mannopyranosyl-(1—6)-{3,4,6-tri-O-benzyl-
a-D-mannopyranosyl-(1—3)]-2,4-di-O-benzyl--D-
mannopyranosyl-(1—4)-2-acetamido-3,6-di-O-benzyl-2-
deoxy-B-D-glucopyranosyl-(1—4)-2-acetamido-3,6-di-O-
benzyl-2-deoxy-B-D-glucopyranosyl } -L-asparagine (3).
The solution of compound 14 (70 mg, 0.029 mmol)
i TFA and CH,Cl, (1:2, 6 mL) was stirred at rt for
15 h. After the reaction mixture was concentrated in
vacuo and coevaporated with ethanol, the residues
was purified by passing through a LH-20 column
(2.5 x 65 cm, eluent: CHCl;:MeOH = 1:1) to afford 3
as a white solid (66.8 mg, 98%).*

All compounds 9, 11, 4, 12, 13, 14 to 3 were identical to
authentic samples both for their physical and for their
spectroscopic properties.*

L-Glycyl-L-glutaminyl-{N*-a-D-mannopyranosyl-
(1—6)-[a-D-mannopyranosyl-(1—3)]-B-D-mannopyr-
anosyl-(1—4)-2-acetamido-2-deoxy-p-D-glucopyrano-
syl-(1—4)-2-acetamido-2-deoxy-B-D-glucopyrano-
syl}-L-asparaginyl-L-glutaryl-L-threonyl-L-seryl-L-
glutaminyl-L-threonyl-L-seryl-L-seryl-L-prolyl-L-serine
(1). An Fmoc-protected nonapeptide linked to resin
(15, 674 mg) was synthesized after eight cycles of the
standard synthesizer program of condensation with
the DCC-HOBt-activated Fmoc amino acids (1 mmol
each) starting from Fmoc Ser-preloaded HMP resin
(357 mg, 0.25 mmol). Efficiency of the condensation
at each step was monitored by untilizing ninhydrin
test and the overall yield of 14 was 99%.

A part of the resin 15 (34 mg, 11 mmol) was treated
with 20% piperidine in NMP at room temperature for 2
h to remove Fmoc group, while 3 (64 mg, 28 mmol, 2.4
equiv) was activated by stirring with M DCC-NMP (34
mL, 2.9 equiv) and M HOBt-NMP (34 mL, 2.9 equiv) at
room temperature for 1 h. The resulting resin 3, after
washed with NMP, CH,Cl, and drying under high
vacuum, was added to the activated 3. The mixture was
shaken on a vortex mixer (Iwaki TM-252) for 16 h at
room temperature, and then filtered off and washed
subsequently with NMP and CH,Cl, and then dried
under vacuum overnight. Condensation of the filtrate
and washings gave recovered 3 and its activated ester
(38 mg). The resulting resin 16 (56.1 mg, 98%) was
applied to the automatic synthesizer again, and Glu and
Gly were subsequently introduced. After deprotection
of Fmoc with piperidine, washing and drying, glycopep-
tide-linked resin 17 (53.0 mg, 91%) was obtained.A part
of 17 (31 mg) was treated with a mixture of TFA (1.9
mL), HSCH,CH,SH (0.05 mL) and water (0.05 mL) at
room temperature for 2 h. The mixture was filtered off
and the filtrate was concentrated. The residue was
suspended in water (5 mL) and extracted with ether
(3 x 10 mL). The water solution was concentrated and
the residue was dissolved in 50% MeCN agq. solution
(1.0 mL). It was separated by gel filtration HPLC (Col.
Shodex® 25 x 500 mm; eluent. H,0:MeCN = 1:1, 8.5
mL/min, Fig. 1). The fractions containing the mixture of
glycopeptides carrying fully benzylated as well as
mono-, di- and tri-debenzylated pentasaccharide struc-
tures (Peak 1, R, = 10.97 min) were collected and
concentrated (15 mg). A part of it (5.8 mg) was
dissolved in water (5.5 mL) and aldehyde-free EtOH
(4.5 mL) and was stirred with 20% Pd(OH),/C (3 mg)
under hydrogen atmosphere at room temperature for 4
days. After filtration and concentration in vacuo, the
residue was purified by gel filtration HPLC (Col.,
Shodex® 25 x 500 mm; eluent, H,O:MeCN = 1:1, 8.5
mL/min) to give the expected glycoprotein 1 (R, = 13.87
min; 3.7 mg, 81% yield based on 17; 95% purity by
NMR) and it was further purified by RP-HPLC (Col.,
LichroCART®, 10 x 250 mm; eluent, 2.6% i-PrOH in
H,0, 3 mL/min; R, = 9.82 min). 1: [a]®, —38.0 (¢ = 0.1
in H,0); '"H NMR (600 MHz, in D,0, acetone & = 2.23
as standard, 60 °C): 3 5.10 (d, 1 H, J,, = 1.0 Hz, H-1%),
5.02(d, 1 H,J,, = 89 Hz, H-1%),490(d, 1 H,J,, = 1.7
Hz, H-1%), 4.80 (dd, 1H, H-a*"), 4.76 (s, 1 H, H-1°),
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4.70-4.74 (m, 2H, H-a*" "), 4,61 (bd, J,, = 7.6 Hz, 1
H H 11) 447_4 32 (I'Il 1OH H- a3xSer 2><Thr Pro, 2 x Glu H
BZXT'“) 4.00-3.50 (m, 42 H, H-a,0/Y, H-B, p'**5, H 3,
& H-2, 3,4, 5,6and 6 of five sugar rings), 2.72-2.90
(m, 4 H, H-p, B4 4") 2.25-2.31 (m, 5 H, H-y, y2* ™,
BPr°), 2.38-2.00 (m, 7 H, H-B, p’2* " B, v, ¥7), 2.06 (s,
3 H, Ac), 2.00 (s, 3 H, Ac), 1.19 (d, 6 H,J = 6.3 Hz, H-
y* 1), MALTI-TOP-MS (CjH,N;,0,,, average MW
2101.0): m/z 2102.7 (M+1), 2125.7 (M+Na), 2141.0
(M+K), 2147.1 (M+2 x Na—1), 2163.3 (M+Na+K—1),
2169.2 (M+3 x Na—2), 2185.9 (M+2 x Na+K—2).

L-Glycyl-L-glutaminyl-L-asparaginyl-L-glutaryl-L-
threonyl-L-seryl-L-glutaminyl-L-threonyl-L-seryl-L-
seryl-L-prolyl-L-serine (18). A part of the resin 15
(292 mg, 0.1 mmol) was applied to automatic
synthesizer, and Asn, Glu and Gly were subsequently
introduced. After deprotection of Fmoc with
piperidine, washing and drying, peptide-linked resin
19 (320 mg, 86%) was obtained. A part of 19 (75 mg)
was treated with a mixture of TFA (1.9 mL),
HSCH,CH,SH (0.05 mL) and water (0.05 mL) at
room temperature for 2 h. The mixture was filtered
off and the filtrate was concentrated. The residues
was suspended in water (5 mL) and extracted with
ether (3 x 10 mL). The water solution, after passing
through a C; cartridge, was concentrated to get the
crude product (29.5 mg; 98% purity by HPLC). A
part of the crude product was dissolved in 50%
MeCN ag. solution and further purified by RP-HPLC
(Col., LichroCART*, 10 x250 mm; eluent, 4% i-
PrOH in H,0, 3 mL/min; R, = 7.38 min) to give pure
18: [a]*p —88.3 (¢ = 1.0 in H,0); '"H NMR (600 MHz,
in D,0, acetone 8 = 2.23 as standard, 24 °C): & 4.80
(dd, 1H Jop = 6.3 Hz, J, /—68Hz H-a"), 4.77
(dd, 1 H, JuB— 5.9 Hz, JqB = 6.9 Hz, H- aSer) 4.69 (dd,
1H,J,, = 6.3Hz,J,y = 7.3 Hz, HaA‘“) 4.49 (t, 2 H,
aB—J oy =4.7 Hz, ch“s“) 4.48 (dd, 1 H,J,4 = 4.4
Hz,J,y = 7.8 Hz, HaP“’) 4.45(t,1H,J,;, = 5.7 Hz,
Hocs“) 441(dd, 1 H,J,; =54Hz,J, /—94Hz H-
a®m), 4.37(d, 1 H,J, —44Hz HaT‘") 436 (d, 1 H,
Jop = 4.4 Hz, H- aT'”) 4.34(dd, 1 H,J,; = 5.9 Hz, JQB
= 8.3 Hz, HocG'“) 4.27 (dq, 1 H,J;, = 6.3 Hz, H- BT“')
4.23 (dq, 1 H, J,, = 6.3 Hz, HB““) 395(dd 1H,Jgp
= 11.7 Hz, HBS”) 3.87-3.81 (m, 8 H, HB“Ser
a?* %), 3.79 (ddd, 1 H, H-8"°), 3.77 (dd 1H,Jy =
11.7 Hez, H-p>), 3.70 (ddd, 1 H, J,; = 2.7 Hz, J 5 =
7.1 Hz, Js5 = 12.4 Hz, H-8""), 296(dd 1H,J,;,=59
Hz, J,p = 17.1 Hz, HﬁASP) 2.87 (dd, 1 H, JQB—73
Hz, HB’A‘P) 2.84 (dd, 1 H,J,, = 6.3 Hz, J;p = 15.6
Hz, H-p*"), 2.75 (dd, 1 H, J,,y = 7.8 Hz H B4,
2.39-2.32 (m, 4 H, H- 4XGln) 229 (m, 1 H,J,; =80
Hz, J,p = 13.2 Hz, H-B"°), 2.13 (m, J,, = 5.4 Hz, J;;;,
= 14.1 Hz, J;, = 7.4 Hz, J,, = 8.3 Hz, H-"), 207
(m Jop =59 Hz, Jyy = 146Hz Joy —73Hz Jg
7.8 Hz H-pM), 203 1.93 (m, 5 H H-p>* ", y XP“’
p*™),1.18 (d, 3H, J;, = 6.8 Hz, H- yT‘“) 1.17 (d, 3H, Jﬁy
= 6.4 Hz, H- yTh’) "MALTI-TOP-MS (C4sH1N 504,
everage MW 1208.5): m/z 1209.7 (M+1), 1231.6
(M+Na), 1247.9 (M+K), 1253.4 (M+2 x Na—1).

(Received in Japan 6 May 1997; accepted 3 June 1997)

Acknowledgements

This work was financially supported by the Special
Coordination Funds of the Science and Technology
Agency of the Japanese Government and partly by
CREST programme of Japan Science and Technology
Corporation. Z.-W. Guo is grateful for a RIKEN
Fellowship and thanks Dr Y. Ito for many helpful
discussions. We thank Dr S. Kurono and Dr N. Dohmae
for MS measurements, Dr J. Uzawa and his staff for
some NMR measurements and Ms A. Takahashi for
technical assistance.

References

1. Varki, A. Glycobiology 1993, 3, 97 and references cited
therein.

2. Recent reviews: (a) Kunz, H. Pure Appl. Chem. 1993, 65,
1223. (b) Meldal, M. In Neoglycoconjugates: Preparation and
Application 1ee, Y. C. and Lee, R. T., Eds; Academic Press:
Orlando, 1994, pp 145-198. (c) Paulsen, H. Angew. Chem. Int.
Ed. Engl. 1990, 29, 823. (d) Meldal, M.Glycoconj. J. 1994, 11,
59. Chemo-enzymatic synthesis of glycopeptides: (e) Wong,
C.-H.; Schuster, M.; Wang, P.; Sears, P. J. Am. Chem. Soc.
1993, 115, 5893. (f) Schuster, M.; Wang, P.; Paulson, J. C;
Wong, C.-H. J. Am. Chem. Soc. 1994, 116, 1135. Synthesis of
clustered O-linked glycopeptide: see ref 7.

3. (a) Garg, H. G;; von dem Bruch, K.; Kunz, H. Adv.
Carbohydr. Chem. Biochem. 1994, 50, 277. (b) Meldel, M,;
Bock, K.Glyconjug. J. 1994, 1, 59. (c¢) Cohen-Anisfeld, S. T.;
Lansburry, P. J. J. Am. Chem. Soc. 1993, 115, 10531.

4. Matsuo, I.; Nakahara, Y.; Ito, Y.; Nukada, Y.; Nakahara,
Y.; Ogawa, T. Bioorg. Med. Chem., 1995, 3, 1455.

5. Alist of references about solid-phase synthesis of both O-
linked and N-linked glycopeptides was cited in: Nakahara, Y.;
Nakahara, Y.; Ogawa, T. Carbohydr. Res. 1996, 292, 71.

6. (a) Xia, M.-Q.; Tone, M.; Packman, L.; Hale, G,
Waldmann, H. Eur. J. Immunol. 1991, 21, 1677. (b) Xia,
M.-Q.; Hale, G.; Lifely, M. R.; Ferguson, M. A. J.; Campbell,
D.; Packman, L.; Waldmann, H. Biochem. J. 1993, 293, 633.
(c) Treumann, A.; Lifely, M. R.; Schneider, P.; Ferguson,
M. A. J.J. Bio. Chem. 1995, 270, 6088.

7. Nakahara, Y.; lijima, H.; Ogawa, T. Tetrahedron Lett. 1994,
35, 3321.

8. Kanie, O; Ito, Y.; Ogawa, T.J. Am. Chem. Soc., 1994, 116,
12073.

9. Ogawa, T.; Katano, K.; Sasajima, K.; Matsui, M. Tetra-
hedron, 1981, 37, 2779.

10. van Boeckel, C. A. A; Beetz, T. Recl. Trav. Chim. Pays-
Bas, 1987, 106, 596.

11. Suzuki, K.; Maeta, H.; Matsumoto, T. Tetrahedron Lett.,
1989, 29, 4853.

12. Oltvoort, J. J.; van Boeckel, C. A. A.; de Koning, J. H;
van Boom, J. H. Synthesis, 1981, 305.

13. Kanie, O.; Crawley, S. C.; Palcic, M. M.; Hindsgaul, O.
Carbohydr. Res., 1993, 243, 139.

14. Konig, W.; Geiger, R. Chem. Ber., 1970, 103, 788.



