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ABSTRACT

11b

Novel calix[4 or 8Jarene-based glycoconjugates exposing terminal
calixarenes as building blocks. The obtained glycosamino acid

on erythrocyte agglutination induced by wheat germ (
of the spacer and on the shape and rigidity of the calixarene skeleton.

N-acetyl- b-glucosamine clusters have been synthesized using amino acid -
—calixarenes 9b —14b have lectin-binding ability and amplified inhibitory effects
Triticum vulgaris ) agglutinin (WGA). The inhibitory ability is dependent on the presence

Recent advances in glycobiology have shown that carbohy-

drate—carbohydrate and carbohydrapeotein interactions
are involved in important biological everithe affinity and

A wide variety of simplified carbohydrate model systems
have been developed to investigate the significance of the
polyvalency in carbohydrate—protein interactiGnslulti-

specificity of these interactions strongly depend on poly- valent presentation of carbohydrate groups on small molec-
valency? It is known that multiple copies of carbohydrate ular template, cyclodextrin, dendrimer, dendron, and calix-
ligands interact in natural systems with multiple comple- arene scaffolds gave rise to low valency systems (4—20
mentary sites on the receptor, resulting in a stronger and morecarbohydrate groups) while higher valency systems were
specific carbohydrate—receptor binding (cluster efféct).  obtained using proteins and polymers as platfot@gudies
Understanding multivalent binding in detail represents a carried out on several of these polyvalent model systems
challenge of great interest in bio-organic chemistry because
the manipulation of carbohydratgrotein interaction could (4) (@) Mourez, M.; Kane, R. S.; Mogridge, J.; Metallo, S.; Deschatelets,
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indicated that the nature of the scaffold, the length of the
tether between scaffold and carbohydrate moieties, and the
carbohydrate density determine the success or failure of

Scheme 1

polyvalent carbohydrate—protein interactidns.
To contribute to these studies, we synthesized novel

calixarene-based glycoconjugates bearing an amino acid
spacer between the terminal glycoside moiety and the

calixarene skeletdn(glycosamino acid—calixarenes).

To investigate the influence of shape and mobility of the
calixarene scaffold in carbohydrate-protein interaction, we
selected as platforms two compounds, ttwne-blocked
tetraminocalix[4]arend® and the conformationally mobile
octaminocalix[8]aren&.1° Their functionalization with ap-
propriate amino acid spacers allowed manipulation of the
density and mobility of the terminal sugar groups. In this
work, we focused our attention on the synthesis and lectin-
binding ability of glycocalixarenes exposing multiple copies
of N-acetylp-glucosamine (GIcNACc), since this carbohydrate
group is widely present in natural glycoproteins. In addition,
GlcNAc—receptor interactions are involved in important

physiological and pathological processes regarding transcrip-

tion, translation, nuclear transport, cell signaling, and cell
migration!

Treatment of compoundsand?2 with N-Boc-amino acids
(L-glycine, L-lysine, and 6-aminohexanoic acid) in the
presence of DCC and HOBT in DMF as the solvent afforded
calix[4 or 8]arene derivative3—8 in good yields (46-78%,
Scheme 1).

Their N-deprotection with TFA provided the glycosyl

acceptor amino groups that were directly reacted, in saline

form, with GIcNAc isothiocyanafé as glycosyl donor.
Glycosyl derivative®a—14awere thus obtained (5695%
yield), each bearing the carbohydrate unit linked by a
B-thioureido bridgé® to the amino acid moiety.
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All the synthesized compounds were characterized by
NMR and ESI-MS spectroscopy, which in every case proved
the exhaustive functionalization of the calixarene scaffold.

The presence of an AX system for ArGAt groups in
the proton spectra of calix[4]arene derivativea—11a
confirmed thecone conformation. The corresponding gly-
cosamino acid calix[8]arene derivativé8a—14ashowed a
broad singlet for ArCHAr groups indicative of their con-
formational mobility.

The synthetic procedure shown in Scheme 1 was success-
fully extended to other sugar-amino acid couples. Thus,
glycine— and lysine—calix[4 or 8]arenes bearing terminal
S-thioureidop-galactose or L.-fucose groups were also
obtained (70—85% yieldY
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Compound®a—14awere de-Gacetylated under conven- the specific involvement ob-GIcNAc units in the lectin
tional Zemplen conditions to give the corresponding water- interaction. Compound8b—14b, 15, and16 showed no
soluble hydroxy derivative8b—14bin almost quantitative  interaction with PNA lectin, specific fop-galactose, thus
yield (Scheme 1). The water solubility ranges from %5  demonstrating their lectin recognition specificity.
10°Mt0 2.9 x10*M, 9b and10b being the least and the The biomimetic properties ddb—14b, 15, and16 were

most soluble compounds, respectively. estimated from their ability to inhibit WGA-dependent

Interaction of glycocalixarene®—14b, 15, and16" with hemagglutination of a 2% suspension of human erythrocytes.
wheat germ agglutinin (WGA), a lectin known to be The results, summarized in Table 1, indicate that the
N-acetyl-Bp-glucosamine specifi€; was studied by turbi-  multivalent calixarene derivatives all possess enhanced lectin
dimetrict® and hemagglutination inhibition tests. affinity with respect to the monomeric GIcNAc.

Direct binding of these compounds to WGA was evi-
denced by the rapid formation of a turbid suspension. To _
demonstrate the direct involvement of the carbohydrate o
moieties in the lectin bindingy-GIcNAc was added to the ~ 1able 1. Inihibitory Effects on the WGA-Induced -
mixtures containing lectinglycocalixarene aggregates. A gt?infft?lignztr'%q Gby Monomerio-GlcNAc and by Ligands
large molar excess (251—580 times) of the inhibitor sugar =

was required to disrupt the cross-linking interaction up to compd MIC (mM)* rel potency”
give a clear homogeneous solution (Figuré’Ijhe addition p-GleNAc 200 1
9b 0.20 250
| 10b 1.20 21
11b 0.16 312
1 15 0.58 86
12b 0.50 50
13b 0.69 18
08 14b 0.40 62
16 0.62 40
aMIC: minimum inhibitory concentratior? Value is on a per-hapten
06 4 basis.
2]
m
b —, A(1:251) o ) ) o )
04 S . The amplification of lectir-sugar interaction is ascribable
7 P to clustering effect, which was observed also with other
e macromolecular ligands such as glyeahitin '8 cyclodex-
[ F L9 I S N} Sy . . .
ke O —— = p (1:580) trins® and glycopolymer$ having terminalN-acetylp-

glucosamine residues. In particular, the best result was
obtained with ligandllb (MIC = 0.16 mM), which was
0 : ; ; j ' ' ' : found 312-fold more potent tham-GIcNAc (MIC = 200

A B v » “mzeuth] # W 8 mM) used as control. The results in Table 1 show that
introduction of an amino acid spacer between the carbo-
—e—Rb/13b —=—ub ——% —e—12b +WGA

hydrate moieties and the calixarene platform positively
influences the sugailectin binding. In fact, derivative8b,
Figure 1. Turbidimetric analyses: absorbance of compoutizts- 11b, 12b, and 14b, all bearing linear spacers, have an
14band16 (green signals) increases after addition of WGA (brown inhibitory potency higher than the analogous derivatives
signals). A—D points indicate the glycocalixarene-WGA cross- ithout spacers1, 16), likely due to the higher flexibility

linking disruption by addition of monomeric GIcNAc. In paren- . .
theses is reported the molar excess of sugar inhibitor required toOf the carbohydrate arms. Nevertheless, increase of the linear

obtain clear homogeneous solutions. spacer length from glycine to 6-aminohexanoic acid caused
only a slight enhancement of the inhibitory potency.

fth tqal h bid ) In contrast, lectin-binding ability is more sensitive to the
ofthe same amounts ofgalactose to the turbid SUSPENSIONs - ¢.4tq14 structure. In fact, compounélb—11band15 built

did not give rise to an absorbance decrease, thus conﬁrmmgon a rigidconeblocked calix[4]arene skeleton have a higher
(14) Unpublished results. inhibitory §b|l|ty than correspondlng compour:@b 14b
(15) (a) Lis, H.; Sharon, N. IiThe Biochemistry of Plants: A Comp- and 16 built on a conformationally mobile calix[8]arene

rensive Treatise, Protein and Nucleic Aciddarcus, A., Ed.; Academic skeleton. We suggest that the ajlnstereochemistry of the

Press: New York, 1981; Vol. 6, p 371. (b) Sallas, F.; Nishimura, S.-I. .. ; . . .

Chem. Soc., Perkin Trans2D0Q 2091. For review: (c) Wenz, G\ngew. sugar moieties in glycocalix[4]arene derivatives could be

Chem., Int. Ed. Engl1994,33, 803. more favorable for cooperative interactions.

(16) (a) Aai, K.; Itoh, K.; Okada, MMacromolecules1995,28, 5391.
(b) Fujimoto, T.; Shimizu, C.; Hayashida, O.; Aoyama, ¥ .Am. Chem.
Soc.1998,120, 601. (18) (a) Nishimura, S.-l.; Furuike, T.; Matsuoka, K.; Maruyama, K.;

(17) Disruption of the cross-linking between WGA and calix[4]arene Nagata, K.; Kurita, K.; Nishi, N.; Tokura, Svlacromoleculesl 994,27,
derivativesOb—11band 15 required a higher than 400-fold molar amount ~ 4876. (b) Okada, MProg. Polym. Sci2001,26, 67.
of b-GLcNAc. (19) Furuike, T.; Seiichi, A.; Nishimura, S.Tetrahedror200Q 56, 9909.
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Branched compoundObandi13bbearing 8 and 16 sugar  at pH 7.2 in phosphate-buffered salf3@ herefore, aggrega-
groups, respectively, displayed lower inhibitory ability than tion states in addition to conformational features have to be
all the other glycocalixarenes, thus suggesting that the sugaitaken into account in lectinglycocalixarene cross-linking
moieties are less exhibited on the surface and consequentlyfformation. More in-depth studies are in progress to inves-
less available to form cross-linking with the lectin. This tigate the supramolecular aggregatio®bf-14bin solution
behavior is in agreement with observations reported aboutand the nature of their aggregates with WGA.
other polyvalent systems in which higher valency sterically  In conclusion, novel GIcNAc-exposing amino acid calix-
prevent the cross-linking due to an improper spacing or arenes have been efficiently synthesized. Their specific lectin-
geometry of the carbohydrate presented on the scaffoldbinding ability and amplified lectin affinity have been shown

surface?° as well as the effects of the scaffold mobility and nature
spacer.
HO, oH 4o 3 Compounds here reported are novel “nanostructétes”
Ac%; N o useful to study recognition. phenomena in_volving sm_m‘ace
on HO- oM H\(s Lo 78 on H GIcNAc gnd open perspect!ve§ Foward their application as
m%% K %ﬁ SNH “ﬁL g:s AcN*;Z/ZQH o d'rug. del.lvery sys.tems or mhlbltors of G[cNAc-repeptor
AcNH N NR N~ el I A H binding involved in pathological event$.Finally, since
Y X HN§ NS /%.//%F GIcNAc is a known substrate in glycosylation of natural
oA AR O o H\<<H/\/\u S glycoproteins, the compounds here reported appear interest-
© \ ‘m / ° ing building blocks for the construction of more complex
R calixarene-based glycoconjugates.
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