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A General Entry into Glycopeptide
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In order to study and manipulate carbohydrate—protein
interactions, carbohydrate and dendrimer chemistries have
been combined in order to design multivalent glycoconjugate
mimetics.! Such carbohydrate dendrimers potentially influ-
ence carbohydrate —protein interactions strongly due to the
multivalency or cluster effects.>31 Moreover, they may
combine the properties of drug binding and transport with
other, still unknown, qualities of synthetic biomaterials. Two
main entries into the synthesis of carbohydrate dendrimers
have been utilized so far: by the glyco-coating of noncarbo-
hydrate dendrimers to form glycodendrimers* or by the
convergent combination of molecular wedges derived from
carbohydrate clustersP! to yield carbohydrate dendrimers of
different architectures.l) Both synthetic approaches do not
allow enlargement of the carbohydrate-containing molecules
by the formation of successive generations,”! although some
reported carbohydrate dendrimers possess a relatively high
sugar density.

We now report on the synthesis of glycopeptide dendrons in
which the peptide coupling of orthogonally protected AB,-
type carbohydrate units form the basis for an iterative
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reaction sequence to lead to the various generations of
carbohydrate-containing dendrons in either a divergent or
convergent manner (Scheme 1). The use of peptide chemistry
in the linking step avoids sophisticated glycosylation techni-

%:gonal ‘ ‘
&pro‘tection
B

A .
peptide
coupling

Scheme 1. The general approach to glycopeptide dendrons from orthogonally protected carbohydrate AB,-
type building blocks such as 1 (see Scheme 2). B is a carboxy group and A is an amino moiety, and the
respective protected groups are boxed. This design allows an iterative synthetic sequence of deprotection and
peptide-coupling reactions leading to successive generations of dendritic growth. The first-generation
glycopeptide dendron 4 may be extended according to a divergent or convergent approach. Convergent
growth led to second- and third-generation dendrons 7 and 8 (see Schemes 3 and 4). A gray-shaded hexagon
represents a monosaccharide ring and a black circle represents an amide linkage.

ques for each coupling step. Furthermore, this synthetic
protocol simplifies adaptation to solid-phase chemistry, which
can be used for automated synthesis of glycopeptide dendrons
as well as for combinatorial approaches of various kinds.

The AB,-type glucoside building block 18! forms the basis
for the preparation of glycopeptide dendrons 5, 7, and 8.
Mildly alkaline hydrolysis of the methyl ester groups in 1 with
LiOH - H,0 in MeOH/H,O (1/1) leads to the unprotected bis-
carboxylic acid 2, while removal of the tert-butoxycarbonyl
(Boc) protecting group in 1 by a mixture of trifluoroacetic
acid and dimethyl sulfidel’! gave the amino-functionalized
glucoside 3 (Scheme 2). Thus, glucoside 1 gives both the
complementary building blocks 2 and 3, which were used in a
peptide-coupling reaction.

The uronium-based salt HATU, together with DI-
PEA,% ] proved to be a suitable promoter for the peptide
coupling which gave the first generation glycopeptide den-
dron 4 in 79% yield. Dendron 4 was purified by gel-
permeation chromatography (GPC) using a Sephadex LH-
20 column and methanol as the eluent. The NMR spectra of 4
showed one set of signals for the acetyl-protected glucose
moiety and another set for the core glucose moiety in both the
'H and BC NMR spectra (Table 1). Deacetylation of 4 with
saturated methanolic ammonia gave the unprotected tetra-
methyl ester § in quantitative yield. Compound § was purified
by GPC using a bio-gel P-6 packed column and an ammonium
hydrogen carbonate buffer as the eluent.

Using the Boc-deprotection and peptide-coupling reaction
sequence, the synthesis of higher generations of glycopeptide
dendrons was carried out in a convergent manner. Thus, the
Boc-protected first generation dendron 4 was converted to the
respective amine, which coupled with 2 to lead to the
protected second generation glycopeptide dendron 6 in
60% yield (Scheme 3). Compound 6 was purified by GPC
as per compound 4. The NMR spectra of 6 displayed two sets
of signals for the carbohydrate moieties (Table 1). The
deacetylation of 6 could not, unlike 4, be fully completed
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with saturated methanolic ammonia due to solubility prob-
lems. However, when aqueous ammonia was used for the
deprotection step, saponification of the methyl esters occured
with concomitant removal of the acetate protective groups. In
this way the octacarboxylic acid 7
was obtained and purified as
per 5.

Analogous to the preparation
of 6, the third-generation den-
dron 8, containing 15 sugar moi-
eties, was obtained after Boc de-
protection of 6 and peptide cou-
pling of the resulting amine to 2
(Scheme 4). However, as the high
molecular mass glycopeptide
mimetic obtained was poorly
soluble in methanol, an aqueous
carbonate buffer was used as the
eluent during gel filtration
through  bio-gel P-6. The
'"H NMR of the product fractions

divergent
1. deprotect B growth

2.couplewith3
1. deprotect A A

2. couple with 2 ~ convergent
growth

OCH;,
o OCHs
o]
N
o]
AcO 1S U G I .
Acoﬁow«k&
OAc H

LiOH
MeOH /H 50 (1/1)
0°C, 12 h, quant.

F,CCO,H/ SMe, (2/1)
0°C,3h,85%

OCH;

o OCHs

o
N
AcO 0
AcO 0%
OAc #H
2 HATU, DIPEA 3
RT,12h
79%
OCH;
o}
o

OCHs
S
N [0} N,

RO \/W/OCH:,
RO lo)
° 0

NHs / MeOH 4 R=Ac
0°C, 12 h, quant. 5 R=H

Scheme 2. Synthesis of first-generation glycopeptide dendron.
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Table 1. Selected 'H (500 MHz) and '*C (125.75 MHz) NMR data for compounds 4-8.

0(4) o(5) 0(6) o(7) o(8)
in CD;0D in D,O in CD;0OD in D,O in D,O
'H NMR:
H-1[] 4.40 (d, 1H) 4.44 (m., 3H) 421 (m,, 3H) 4.51-4.38 (m, 7H) 4.41 (m., 15H)
H-1 4.65 (d, 2H) - 4.56 (d, 4H) - -
NCH, 2.89 (m,, 12H) 3.43 (m, 2H), 2.80 (m, 12H), 3.48 (m,, 6H), 3.53-3.10 (m, 60H)
3.28 (m, 2H), 2.76 (m, 16 H) 327 (m,, 6H),
3.17-2.96 (m, 8H) 3.16-2.92 (m, 16H)
CH,C(O) 2.48 (m, 12H) 2.64-2.46 (m, 12H) 2.37 (m, 16 H), 2.67-2.45 (m, 28H) 2.76-2.44 (m, 60H)
2.35 (m, 12H)
H;COC(0O) 3.68 (s, 6H) 3.29 (s, 12H) 3.56 (s, 24H) - -
H;CC(0)O 2.05 (s, 6H), - 1.95 (s, 12H), - -
2.03 (s, 6H), 1.93 (s, 12H),
1.95 (s, 6H) 1.86 (s, 12H)
Bu 1.44 (s, 9H) 1.38 (s, 9H) 1.34 (s, 9H) 1.37 (s, 9H) 1.31 (s, 9H)
BC NMR:
C-1 104.35, 101.94 102.94, 102.84 104.54, 101.94 102.39, 102.30 102.41, 102.27

[a] H-1 of OH-free glucose moieties. [b] H-1 of acetylated glucose moieties.

1. F3CCO,H/ SMe, (2/1)
60 % 0°C,3h
2. Diacid 2
HATU, DIPEA,RT,12 h

R2
ol AR 1
10 OR
OR2 OR1 R10
R10 [o]
N 0 N R10 N/\/lk
R10 \/YQRZ ) OR2
1
R1O 0 rR10" | © o o
(0] o OH o y
R10 HO o)
b /) /\)L NH oR?
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HN N
© HO/_O
o) 1 ’
N o 7N RO OR
\/\O 0R1
HO 0 o o) o
HO. SN HN N
OH H \\(o
(o}
o
N OR2
OR2

o
HO 0
&O\AN)I\O/K
H

OH
NH3 /H20 6 R1=Ac, R2=CH3
0°C, 12 h, quant.

Scheme 3. Synthesis of second-generation glycopeptide dendron.

7 R1=H R2=H

indicated partial deprotection of the O-acetate groups and,
therefore, deprotection with saturated aqueous ammonia was
perfomed subsequent to peptide coupling and prior to
purification. As in the case of the deprotection of 6, aqueous
ammonia effected deacetylation as well as saponification of
the methyl ester groups and consequently the hexadecaacid 8
was isolated as its ammonium salt.

In addition to the NMR analysis, the structures of all of the
described compounds were confirmed by MALDI-TOF mass
spectrometry (Table 2) and, in most cases, reasonable ele-

2012 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

mental analyses were obtained. Thus, all the glycopeptide
dendrons proved to be monodisperse compounds without
structural defects. The described route was superior over
alternative strategies for the assembly of the described
dendrons, including the divergent approach.

Stability against glycosidases of this new type of multivalent
neoglycoconjugates was tested with glycopeptide dendron 5.
No degradation, according to HPLC analysis, was observed
when 5 was incubated with S-glucosidase from almonds over
several hours.
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1. F4CCO,H/ SMe, (2/1)
0°C,3h

2. Diacid 2
HATU, DIPEA, RT, 12 h

. NH3/H0,0°C,12h
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Scheme 4. Synthesis of third-generation glycopeptide dendron.

Table 2. Peaks obtained in MALDI-TOF mass spectrometry® of glycopeptide dendrons 4-8.

Com- Molecular Calcd. mol. Observed mass peaks
pound formula mass!®!
[gmol ]
4 CosH N0 1470.65 1471.58 [M+H]*, 1494.60 [M+Na]*, 1509.53 [M+K]*
5 C5;HyN,O,; 121858 1219.63 [M+H]*, 1243.61 [M+Na]*
6 Cy3sH,1sN 1,05, 3171.38 3172.14 [M+H]", 3195.11 [M+Na]*, 3208.10 [M+K]*
7 CiosH 76N 1056 2555.13 2556.45 [M+H]*, 2670.08 [M+6NH,+3H]*
8 CysHi7N30O0105 5340.36 5341.24 [M+H]", 5606.15 [M+16NH, — 6 H]*

[a] Dihydroxybenzoic acid (DHB) was employed as matrix in acetonitrile/water/TFA (2/1/0.1) for the co-
crystallization of compounds 4-8. The calibration of the mass peaks in a linear mode was made with
4-cyanocinamic acid (190.05 [M+H]"), angiotensin II ([M+H]* 1046.54), bombesin ([M+H]* 1619.82), and
bovine insulin (5734.56 [M+H]*). [b] Main isotopes were used for the calculation of the molecular masses.
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In conclusion, we have described a novel approach to the
synthesis of hyperbranched carbohydrate-containing mole-
cules, which can be grown in successive generations, in the
form of glycopeptide dendrons. The three-dimensional struc-
ture of the compounds may represent elements present in
natural glycopeptides and may be developed to a new class of
glycocalyx mimetics by further enlargement. Currently we are
extending the presented strategy with the aim to prepare
hyperbranched molecules with antiadhesive properties.
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