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ABSTRACT

C-Symmetric Lewis* trisaccharide

Cs-Symmetric glycoconjugates carrying three equivalent Lewis* antigens or f-lactosides were synthesized from p-nitrophenyl glycosides and
trimesic acid via regio- and stereocontrolled glycosylation reactions. An H NMR study has shown that the Cz-symmetric glycoconjugates
soluble in water provide useful probes to investigate the Ca?*-dependent Lewis*—Lewis* association.

Intense interest is being directed to the design and applicationMany studies have been directed toward this intriguing

of multivalent glycoconjugatég carrying human oligo-
saccharide antigerdd. Several multivalent models have
already been proposed for sialyl Letwiand globotriaosyl
antigens, in which polymer&s!2 dendrimerg? and starfish
model$? are widely examined. In this paper, we describe
the synthesis and potential use G§-symmetric Lewi$
trisaccharide ang-lactoside.

Hakomori et aP had previously disclosed that Lewis

phenomenofijn which Lewis‘-based dimer& liposomes®
giant-liposomes$9 gold nanoparticle& and self-assembling
monolayer¥ have been proposed as multivalent probes.
The Cs-symmetric Lewi$ 3 (Figure 1) was designed as
an alternative probe with some expectations as described
below. (1) The trivalent structure will induce enhanced self-
association due to multivalent effects, (2) allow a simpler
analysis than nonsymmetric or dendric models due to the

oligosaccharides bound to cell membrane lipids cause Cs-symmetry, and (3) show higher water solubility than usual

homophilic association in the presence of a calcium ion.
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glycolipid models because three hydrophilic Lefviare
directed outside of the hydrophobic core. Regarding the
multivalent effect, Rao, Whitesides, and co-worKdrave
evidenced in their pioneering study that a vancomycin trimer
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Figure 1. Conversion of an asymmetric LeWisrisaccharidel to
a Cs-symmetric conjugat8 with trimesic acid2. (The linker moiety

shown with a red bar was required for successful conversion as

cited in the text).

composed of trimesic aci@ can induce a remarkable

Scheme 1. Syntheses of Compoundsand 107
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aReagents: (a) (i) tetrachlorophthalic anhydride;N#eOH,
(i) Ac,O/Py 80%; (b) HBr+AcOH/CHCl, 58%; (c) AgOTf,
p-nitrophenol/CHCI, 46%; (d) NaOMe/MeOH quant; (ep-
toluenesulfonic acid, benzaldehyde dimethyl acetal/DMF, 77%; (f)
triethylsilane, trifluoroacetic acid, trifluoroacetic anhydride/ACi3,
75%; (g) per-O-acetyl-m-galactopyranosyl trichloroacetiimidate,
TMSOT{/CHCl,, 83%.

The tetrachlorophthalimide (TCP) grddjmn 7 was chosen
as an N-protecting group expecting that the TCP will be
removed under basic conditions without affecting the pNP

enhancement in the antibiotic activity. They have provided O-glycoside linkage. Moreover, the bulky group seemed to
also theoretical bases to rationalize this enhancement. ThusWork effectively in regioselective glycosylation reactichs.

it can be reasonably assumed that the trimeric L&wan
provide a useful probe to investigate the weak Lé&wis
Lewis® interaction.

Compound? was converted to ®-benzyl derivative in a
conventional wayf-Galactosylation was performed using
a trichloroacetiimidate method established by Schmidt €t al.

Though there are many synthetic studies targeting the The glycosylation oP was regio- ang-specific to afford

Lewis® skeleton1® and its multivalent modelsthere is no
established way to assemble tli-symmetric structure.
Here, choice of an appropriate aglycon (Rlinconvertible
to the Cs-symmetric structure provides a key investigative

pNP S-lactosaminidelO.

For a-L-fucosylation, we applied our thio-glycosylation
method usingo-methoxycarbonyl phenyl (0o-MCP) 1-thio-
glycosidest* A 1-thiofucosyl donorl4 (mp = 125°C) was

issue. In our continuous studies on the synthesis of artificial Prepared via an 2 reaction between fucosyl bromide

glycopolymers'?® we have employegb-nitrophenyl (pNP)
glycosides. In addition to the UV absorption useful for TLC

detection, reduction of the pNP group affords an arylamine

useful for multivalent assembfy:! Also in this work, we
undertook the same strategy using pbHglucosaminider
and9 as key intermediates (Scheme 1).
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and thiosalicylate (Scheme 2). No unpleasant thiol odor was

Scheme 2 0-MCP 1-Thiot-fucosyl Donor14?
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aReagents: (a) methyl thiosalicylate .0Os/DMF, 80%; (b)
NaOMe/MoOH, 77%; (c) NaH, BnBr/DMF, 0C, 90%.

evolved during the preparation d# to allow a practical
thioglycosylation methodology.

Prior to the fucosylation, the reactivity @ was examined
with cetyl alcohol (A) and 1,2;5,6-dB-isopropylidene-a-
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Table 1. Glycosylation of Cetyl Alcohol (A) and Scheme 3. Synthesis of Lewi Trisaccharided7 and 18
1,2:5,6-di-O-isopropylidene-@-glucofuranose (B) withl4 AcO _OAc
H o H 10 — ACO&/%/&L
NHAG @
Hee™ 15 OH H3C7L XCHS NO,
HO f© CHs 15
A B

AcO _OAc OBn , OH OH
[ o) o
° i ACO&/Ok HO&N/OZ&,O
entry  acceptors solvents T(°C) time2 a/pP OAc NHAC\©\ MeOH (8} NHAc\©\
M N
1 AC CH.Cl, 0 2 3.7 e;Qiosn NO, HP-QiH OH NH-R

n
2 Ac CH,Cl —40 2 37 Bnd®
3 Ac CH:Cl + ELO  —40 24 37 16 . ( 17: R=H
4 B* CHCl, 0 roorea 18: R=CO(CH,);COOH
5 Be CH,Cl —40 2 82
6 B¢ CH.Cl; + EO —40 20 73 aReagents: (a) (i) ethylenediamine/EtOH, 8D, (i) MeOH,

2 Reaction time (h) until the donor was consumed out in the reaction. 1120: ACO, 62%; ()14, NIS, TfOH/CHCI,, 57%; (c) NaOMe/

b Determined by:H NMR analysis (accuracy within 5%). The yield based ~MeOH, 919%; (d) H, Pd(OH}/C, MeOH; (e) succinic anhydride,
on the amount ofl4 is quantitative in every casél.5 molar equiv of DIPEA/MeOH, quant.

acceptor was required for the dond4 to complete the reaction in the
presence of 2 molar equiid-lodosucciimide (NIS) and a catalytic amount
of triflic acid. 96 molar equiv of the acceptor (A or B) was used.

diaminopropand9 to give 20 carrying three amino groups
(Scheme 4). Condensation betwd@&and20was completed
dearly quantitatively with 1-hydroxybenzotriazole (HOBT)
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC)
in the presence of DIPEA. ProduBtwas identified with
MALDI-TOF-MS [(M + Na)t = 2603] and'H NMR
spectroscopy.

The above processes generated a hydrophobic amide linker
with some flexibility in the conformation. However, the
nature of this linker, in terms of conformation, length, and
hydrophobicity, was not evaluated or optimized in the present
study.

p-glucofuranose (B) as the acceptor substrates (Table 1). Th
reaction ofl4 with the primary alcohol (A) gavg-glycoside
predominantly, while it gave-glycoside from the secondary
alcohol (B). A similar tendency was observed fmMCP
1-thio-b-galactosyl donors, and this was explained in terms
of the participation of the-carboxylate group? Though the
mechanism remains tentative, glycosylation reactions ap-
plying o-MCP 1-thio glycosides show a remarkable change
in the o- and $-selectivity depending on the reactivity of
the acceptors.

When the fucosyl donat4 was applied td.0, no product
was obtained. On the other hand,@n-fucosyl productl6
was obtained in the reaction with5 having anN-acetyl Scheme 4 Cs-Symmetric Lewi$ 3 andS-lactoside21*
group in the vicinity of OH-3. Ng-isomer was detected by o H\/\/\NH
theH NMR analysis of the product, and every acceptor was :
consumed in the reaction [the yield (57%) @6 after HN A~ pgoe e N/\/\/“Wé\f
purification on silica gel column is not optimized]. After the 19 z 0 M,
removal of O-Ac and O-benzyl groups followed by the
reduction of a pNP group, pAP Lewisl7 was obtained 20
(Scheme 3).

In our initial design, we had assumed direct condensation o HNNMH e
between2 and 17 to construct a rigid linker for a Lewfs A B

H-A -A O H-
. - Co LS N R
trimer. This is because the rigidity is thought to minimize CJ¢( Y\)k Wﬂ#&f 0 ) HB
H-A N )‘k/\r( I8

O — .

the loss of entropy during a binding event and induce strong p
bindings’ The direct condensation, however, did not proceed HC O
satisfactorily. This seemed ascribable to the low nucleo- ne R
philicity of the arylamine. Thus, compourik¥ was treated R= o

with succinic anhydride and diisopropylethylamine (DIPEA) HC WQH HO  —on oH
and converted t@8 carrying a carboxyl group at the terminal. HO —oH o T Hog@yo“o 0
The core2 was modified with IN-tert-butoxycarbonyl-1,4- oS00 J o7 HO

HO
H-1"
OH
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As a reference compound Gy symmetricf-actoside2t.

was also prepared fropNP S-lactosidé®!tin the same way

as described above. Though the glycoconjugatesd 21 3)
provide an apparent feature like amphiphilic molecules, they

show higher water solubility than glycero-glycolipitsThus,

their'H NMR spectra measured in,D gave relatively sharp

signals at room temperature (Figure 2). The spectra have

-NDCO-CH3

T T T T T T T T

8.0 7.0 ppm

-C5-Me (f
H-B H-C e (fue) Figure 3. Effect of C&* ion (100 mM) on'H NMR signals of
HA )| Lewis® 3 (a) andp-lactoside21 (b) trimers (10 mM, RO, 500
MHz, room temperature).
-CH2

association as Hakomori et®hroposed. The broadening is
considered to reflect the self-association that increases the
apparent molecular weight & in aqueous solution and
. accelerates’H-spin—spin relaxatio”® These preliminary
1.0 . .
ppm resultd” support that theCs-symmetric conjugates can
provide useful probes to investigate the Letwidewis®
interaction. More precise analyses presently in progress will
be reported elsewhere.

T T T

8.0 7.0 6.0

Figure 2. 1H NMR spectra of3 (500 MHz, D,O, room temper-
ature).
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When the aqueous solution was treated with Gatble
two conjugates turned out to behave in a different way from
each other. ThéH NMR signals of3 became broader with
the addition of C&" ion between 0 and 100 mM, while those
of 21 showed little broadening even at 100 mM 2Ca
concentration (Figure 3). The selective broadening3fis 0L0351293
in agreement with the C&dependent Lewis-Lewis*
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