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We report the design, synthesis, and characterization of a
series of water-soluble hyperbranched B-galceramide-con-
taining dendritic. Polymers showing useful binding ability to

HIV-1 rgp120 as demonstrated with surface plasmon reso-
nance.

Introduction

Hyperbranched polymers represent an important part of
the family of dendritic and multibranched polymers, whose
properties are strongly determined by the nature of their
terminal groups.['! For example, solubility, which mainly de-
pends on the end group structure, may be regulated by the
partial or total chemical modification of these terminal
groups.?l Hyperbranched polymers can be easily synthe-
sized via one-step reactions and, therefore represent eco-
nomically promising products for both small- and large-
scale industrial processes. A wide variety of applications
which originally only seemed conceivable for dendrimers
have been investigated for statistically branched and hyper-
branched polymers.’] Among these new potential applica-
tions, their use as drug-delivery systems, macromolecular
carriers, and biomimetic materials seem to be one of the
most challenging goals.! In particular, the highly branched
structures allow for the multivalent presentation of ligands
and therefore will play a key role in host-guest recognition
processes. These engineered nanomaterials could be envi-
sioned as macromolecular agents able to interact with bio-
logical systems and potentially have uses in medicine and
biotechnology. This idea has been previously exploited in a
series of studies with Boltorn® H30 (1), a hyperbranched
dendritic polymer (Figure 1) functionalized with D-man-
nose. This glycopolymer exhibits interesting binding prop-
erties with Lens culinaris lectin®! and has been proven as an
effective inhibitor of DC-SIGN-mediated infection in an
Ebola-pseudo-typed viral model.[]

[a] Departament de Quimica Analitica i Quimica Organica, Uni-
versitat Rovira i Virgili,
c¢/Marcel.li Domingo s/n, 43007 Tarragona, Spain
Fax: +34-977-558446
E-mail: sergio.castillon@urv.cat

Supporting information for this article is available on the
WWW under http://dx.doi.org/10.1002/ejoc.201000132.

HO. Linear unit
HO o& Oy%o OH
OO (o) o O
o y/(o »\%0 OH
HO, O }«o O_. S o
%O o) OXO g o
HO

OH  Terminal unit

Q
Dendritic unit \\\
j o) O Q -0 (0] OH
o) (@] O o OH
O
ol b g O
HO” | O 0 1%

OH
Q CRa T
/7§LOHO HO o OH
HO 9 H
HO 7{‘0 04\((0
HO 1 OH

Figure 1. Idealized chemical structure of commercial hyper-
branched polymer Boltorn® H30 (1).

However, these studies have always been performed with
discrete carbohydrates linked through a spacer to the den-
drimer core. No complex naturally occurring structures
have been utilized despite the fact that other functionalities
present in such natural products (e.g. lipophilic chains) play
an important role and sometimes are ultimately responsible
for their biological behavior (e.g. insertion of lipophilic
units into lipid rafts).l”? To the best of our knowledge, a
general strategy for the synthesis of hyperbranched den-
dritic polymers functionalized with naturally occurring -
galceramide (B-galcer) has not been reported. Interestingly
the intrinsic microheterogeneity of these hyperbranched
dendritic polymers could potentially mimic microdomain
formation in lipid membranes which is typically associated
with important cellular events such as signaling, vesicle fu-
sion, and pathogen invasion amongst others.®! Studies de-
scribed in the literature illustrate that glycosphingolipids
like B-galcer and GM3, play a important role during HI'V-
infection.” To address this challenge and study the interac-



tion of HIV-1 rgp120 with B-galcer-containing dendrimers
with the aim of developing potential carbohydrate-based in-
hibitors, multivalent scaffolds bearing glycosphingolipids
have been prepared. These systems consist of dendritic hy-
perbranched structures based on Boltorn® H30 1 to which
B-galcer-N5 units 4 are attached using Cu'-catalyzed [3+2]
alkyne-azide cycloaddition (CuAAC). This system has pre-
viously been used as key step for the efficient synthesis of
dendrimers!!? and the functionalization of hyperbranched
aliphatic polyols.''] This is mainly due to the enhanced
complexity of hyperbranched materials raising the demand
for robust and versatile synthetic methods. The following
characteristics make CuAAC reaction a powerful tool for
the modification of hyperbranched polymers: a) reaction
robust and quantitative; b) able to proceed in various sol-
vents and highly tolerant to other functional groups; ¢) the
reaction proceeds at various types of interfaces; d) virtually
no formation of by-products; and e¢) easy to handle and
purify.l'®]

Results and Discussion

Our initial efforts were directed toward the synthesis of
compound 4 from tetra-O-acetyl-a-iodogalactose 2 and
stannyl ceramide 3 (Scheme 1). Thus following the method-
ology reported in our group,['>!3 a mixture of tetra-O-acet-
yl-o-iodogalactose 2 and stannyl ceramide 3 was treated
with TBAI in toluene and heated at 80 °C for 18 h. This
initially afforded the corresponding orthoester which was
further isomerized with BF;-OEt, to the final acetylated -
galcer derivative. Finally, Zemplén deacetylation, afforded
glycosphingolipid 4 in high yield (88 % over three steps) and
complete regio (OH-1) and B-selectivity (Scheme 1). More-
over this simple transformation provides a solution to the
long-standing problem of direct glycosylation of ceramides
and sugars, reduces the overall number of steps, and gives
rapid access to biologically important B-glycolipids and
their derivatives.
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Scheme 1. Reagents and conditions: a) TBAI, toluene, 80 °C, 18 h;
b) BF;-Et,0, CH,Cl,, 0 °C, 3 h; ¢c) NaOMe, MeOH, room tempera-
ture, 12 h (88% over three steps); TBAI = tetra-n-butylammonium
iodide.

As previously noted, click chemistry!'¥! and in particular
Cul-catalyzed 1,2,3-triazole formation from azides and ter-
minal acetylenes has proven to be a powerful tool in most

aspects of drug discovery!’”l as well as in the preparation
of water-soluble glycoconjugates.['® Therefore, we used this
strategy to attach our target molecules to the dendritic core.
This was achieved by mixing Boltorn® H30 (1) and 5-hex-
ynoic acid (5) in the presence of EDC and Et3N (Scheme 2).
Thus, functionalized hyperbranched 6 was obtained, as
demonstrated by 'H and '*C NMR and MALDI-TOF MS
analysis (see Supporting Information).
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Scheme 2. Reagents and conditions: a) EDC, Et;N, CH,Cl,, room
temperature, 5 d; EDC = N-(3-dimethylaminopropyl)-N'-ethylcar-
bodiimide. b) CuSO,, tBuOH/H,0, sodium ascorbate, room tem-
perature, 72 h; ¢) SO5-Me;N, DME, 60 °C, 24 h.

Dendritic, linear, and terminal units can be distinguished
by 3C NMR in Boltorn® H30 (1) by identifying the quater-
nary carbon atoms between 50.25-46.25 ppm.['7] After par-
tial modification of OH groups with alkyne 5, new pseudo-
dendritic and pseudo-linear units were generated. This evol-
ution is visible with a decrease in the intensity of the ter-
minal signals at = 50.25 ppm, as well as the appearance
of news peaks in the linear and dendritic regions between
48.5 and 46.2 ppm (Figure 2). A quantitative analysis of
these signals allowed the estimation of the total amount of
hexynoic acid that was initially added to Boltorn® H30
from the integration of the quaternary carbon atomsl!”)
(62%).

Next a mixture of B-galcer-N3 (4) and the hyperbranched
polymer 6 was treated for 72 h with sodium ascorbate and
CuSO, in BuOH/H,O!8 (Scheme 2). After dialysis the
corresponding glycodendritic B-galcer-containing polymer
7 was obtained. This process allowed anchoring of unpro-
tected B-galcer units to a dendritic polymer leading to a
new class of glycoconjugates: “glycosphingodendrimers”.
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Figure 2. Cq area in the '3C NMR spectra of dendritic polymers 1 and 6; terminal (T), linear (L), and dendritic (D).

The analysis of the '"H NMR spectra of glycodendritic poly-
mer of B-galcer 7 revealed the presence of the triazole pro-
tons at 0 = 7.79 ppm and complete disappearance of the
acetylenic signal at 6 = 1.99 ppm. In the '*C NMR spectra
it is possible to observe signals of the 4- and 5-position of
1,2,3-triazol which appears at 6 = 145 ppm and 126.1 ppm.
Signals indicative of the double bond can be observed at o
= 134.6 ppm and 130.2 ppm, whereas the anomeric carbon
from D-galactose appears at ¢ = 105 ppm (see Supporting
Information).

Compound 7 was subjected to sulfation by treatment
with an excess of SO;*Mes;N. After dialysis sulfated glyco-
dendritic compound 8 was obtained (Scheme 2). 13C NMR
analysis revealed a new peak at 6 = 81.6 ppm, which can be
attributed to the sulfated carbon of p-galactose. MALDI-
TOF MS analysis of the hyperbranched polymers revealed
that 62.84% of the 1 was derivatized with 5. In the case
of 7, on average 19.92 B-galcer residues were incorporated
(95.47%) onto the dendritic polymer 6. Analogously, on
average 20.04 sulfate groups were added to the glycodend-
ritic polymer 7 to afford 8 (Table 1).

Table 1. MALDI-TOF MS analysis of 6, 7, and 8.

Theoretical Observed Average no. Theoretical
molecular wt. molecular wt. of residuesi® incorporation
6 6392 5275.9 20.11 62.84
7 200064 20033.9 19.92 95.47
8 21644 21617.1 20.04 100.60

—

a] See Suporting Information for further details.

The HIV-1 entry and infection involves a step-wise pro-
cess that includes a number of host cell proteins and lipids.
This process is coordinated by the HIV-1 envelope glyco-
protein complex (trimer of gpl20 surface glycoproteins)
each noncovalently attached to three gp41l membrane glyco-
protein subunits, that interact with receptors CD4, CXCR4,
and CCR5 on the host cell surface.l'”l Reliable strategies
have been developed to design glycoconjugate based mole-

cules that inhibit HIV-1 fusion.”® The synthesis of multi-
valent neoglycoconjugates is currently promoted by the ex-
tensive findings of multiple ligand-receptor interactions that
occur in nature and by the phenomenon generally referred
to as the glycoside cluster effect.*!]

In this context to demonstrate the binding ability of hy-
perbranched B-galceramide-containing dendritic polymers 7
and 8 toward HIV-1 rgp120 IIIB, a kinetic analysis was per-
formed using surface plasmon resonance (SPR). The rate
and affinity constants for hyperbranched-rgp120 IIIB inter-
actions are shown in Table 2. This data suggests that rgp120
IIIB exhibits similar binding to hyperbranched B-galcer-
amide-containing dendritic polymers 7 and 8. Additionally,
this results are close to those obtained with the glycodendri-
mers galcer (GC-32mer with an average of 21 sugars) (entry
3, Table 2), and lower than sulfated galcer (SGal-32mer
with an average of 25 sugars).[?2-24

Table 2. Rate and equilibrium constants for the interaction of
rgp120 I1IB with hyperbranched glycodendritic B-galceramide-con-
taining polymers 7 and 8.

Compound ka, kq Kp(m)

7 64x10° 59x%1073 9.14x10°8

8 3.6X10*  4.6x1073 1.28x10°8

GC-32mer with 21 sugars! 37x10°  1.03x103  594x107

SGal-32mer with 25 sugars®  6.27x10° 1.18X10* 1.89x 10710

[a] Ref.?2]

On the other hand, the ability of hyperbranched glyco-
dendritic polymers to inhibit HIV-1 BaL (RS5-tropic) infec-
tion of U373-MAGI-CCR5 cells and their effects on cell
viability was tested (see Supporting Information). The ob-
served ECsy value of 80 pm for compound 8 is consistent
with the values recently reported in similar structures.?'! In
contrast, low inhibition was observed with glycodendritic
polymer 7. The fact that 7 and 8 have different behavior in
the inhibition can be justified by the presence of sulfate
groups in 8.11%1



Conclusions

In summary, we report the synthesis of water-soluble hy-
perbranched B-galceramide-containing dendritic polymers
which consists of Boltorn® H30 core to which naturally oc-
curring B-galceramide units have been covalently attached.
These promising glycodendritic polymers have been used as
models to mimic multivalent glycosphingolipid display on
cell surfaces, demonstrating an excellent cluster effect. This
is in agreement with the current hypothesis that the as-
sembly of the HIV-1 entry complex requires, in addition to
CD4 and a co-receptor, specific glycolipid rafts which are
present in restricted areas of the plasma membrane. This
approach opens new routes to the development of novel
classes of HIV-1 binding antagonists employing hyper-
branched dendritic polymers as new biomaterials.

Supporting Information (see also the footnote on the first page of
this article): General experimental methods, experimental pro-
cedures, compound characterization data, and NMR spectra for all
new compounds.
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