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Abstract—The synthesis of a novel fluorocarbon based nucleoamphiphile; 2',3'-O-di-2H,2H,3H,3 H-perfluoro-undecanoyl-
uridine-5’-phosphocholine (DiF;UPC) is described. DiF;UPC self-assembles into lamellar organizations unlike 1,2-diste-
aroyluridinophosphocholine (DSUPC) which forms DNA-like helical fibre under similar conditions. The fluorocarbon chains have
a significant impact on the supramolecular assemblies formed by the nucleoamphiphiles. The SEM and TEM images collected
clearly indicate the formation of microspheres when DiF;7;UPC is hydrated in the presence of thorium nitrate at high temperature
(T> 90 °C). The DiF;;UPC/Th*" microspheres vary in size from 0.5 to 12 pm.

© 2006 Elsevier Ltd. All rights reserved.

Due to their unique properties, fluorocarbon amphi-
philes are being investigated in many areas including
biology, chemistry and material science.!* Amphiphiles
possessing perfluoroalkyl chains possess high chemical-
thermal stabilities, a remarkable biological inertness and
an extreme hydrophobic character as well as lipophobic
characteristics. These properties lend to amphiphiles
which can be used to prepare nano and micro structures.
Of the many self-assembled structures which can be
formed, microspheres are of interest for fundamental
studies as well as for applications.’> Recently, we have
reported the formation of hollow microspheres
constructed from f-block elements and hydrocarbon
amphiphiles. These hybrid lipid-salt supramolecular
assemblies are prepared simply by mixing a nucleoside
based amphiphile® with an aqueous solution containing
either actinide or lanthanide salts.” We have demon-
strated that the stabilization of the hybrid hollow micro-
spheres depends on the following three stabilizing
factors (a) chain—chain hydrophobic interactions; (b)
base-base formation and (c) phosphate/salt binding.
Owing to their remarkable properties, fluorocarbon
chains constitute a useful building block for the con-
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struction of supramolecular systems such as micro-
spheres. To this end, the combination of the self-
assembly potential of nucleoside with the hydrophobic
character of highly fluorinated chains represents an ap-
proach to prepare new self-assembled structures. In
the present study, we report the synthesis of a zwitter-
ionic fluorocarbon nucleoamphiphile, its self-assembly
properties and the formation of microspheres in the
presence of Thorium salts. The chemical structure of
the new fluorocarbon amphiphile 5 derived from uridine
phosphocholine is shown in Scheme 1.

The fluorocarbon amphiphile 5 was synthesized follow-
ing a route as detailed in Scheme 1. First, in a two-step
procedure the fluorinated acid 1 (2H,2H,3H,3H-per-
fluoroundecanoic acid),® having two methylene groups
as a spacer, was synthesized from the commercially avail-
able compound 1. Following a published procedure,’ the
uridine acetonide derivative 3 was reacted with an excess
of chloro-oxo-dioxaphospholane in THF at 0°C to
afford a cyclic phosphate function grafted to the 5'-
hydroxyl (Scheme 1, step c¢). Treatment of the resulting
intermediate with trimethylamine in acetonitrile gave
the phosphocholine moiety (Scheme 1, step d). Finally,
the 5’-phosphocholine uridine 4 was obtained after cleav-
age of the isopropylydene protecting group in acidic
conditions. 2H,2H,3H,3H-Perfluoroundecanoic acid was
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Scheme 1. Reagents and conditions: (a) KCN, H,O, DMSO, heating
at 70 °C, 20 h (yield = 50%); (b) H,SO4, CH;COOH, H,O, heating at
100 °C, 24 h (yield = 77%); (c) chloro-oxo-dioxaphospholane, TEA,
THF, 0°C, 15h; (d) trimethylamine, AcCN, THF, 60 °C, 24 h (yield
for ¢) and (d): 82%; (e) HCl in HCO,H/H,O (yield = 70%) and (f)
C1oH4F,,CO,H, DCC, DMAP, DMF, 24 h (yield = 42%).

DCC coupled to the 2’ and 3’ secondary hydroxyls of 4
to afford the fluorinated nucleoamphiphile 5 (2',3’-0O-
di-2H,2H,3H,3 H-perfluoro-undecanoyl-uridine-5’-phos-
phocholine, DiF,;UPC).'°

Given our interest in nucleoamphiphiles, one of the
goals of the present study is to characterize the proper-
ties of DiF;UPC and compare those results with that
observed for the analgous hydrocarbon nucleoamphi-
philes. In order to determine the morphology of fluoro-
carbon nucleoamphiphile supramolecular assemblies at
room temperature, an aqueous DiF;UPC solution
(5 mg/mL) was sonicated in a Branson 3200 cleaning
bath for 15 min. As shown in Figure 1, this procedure
affords heterogeneous large vesicular organizations
and/or lamellar systems. In such systems, the main
phase transition temperature (7,,) is an important
parameter that determines the permeability and the sta-
bility of the bilayers. It has been shown that fluorinated
phosphocholine amphiphiles featuring a CgF; segment
possess substantial higher melting temperatures than
their hydrocarbon analogues.!'"!> No phase transition
was detected for DiF;UPC dispersed in distilled water
(0.5 mg/pL, in the range 3-95 °C) by modulated differ-
ential scanning calorimetry (MDSC). This result suggest

Figure 1. TEM image of lamellar systems obtained after sonication
and extrusion of DiF;UPC (bar 250 pm).

a Ty, value likely above 95 °C indicating a high mem-
brane ordering likely due to the presence of the uridine
moiety on the molecular structure. Surprisingly, con-
trary to hydrocarbon analogs, DiF;UPC tends to form
lamellar systems below Ty,. Hydrocarbon nucleoamphi-
philes possessing saturated alkyl chains such as DSUPC
(1,2-distearoyluridinophosphocholine), self-assemble
into helical structures in the crystalline state below their
T, and bilayers above T,,.° The unexpected lamellar
systems observed in the case of DiF;UPC below T},
can be partly explained by the greater stiffness and
volume of the fluorocarbon chains, which prohibit the
chain—chain packing needed for the stabilization of the
helical structure previously observed for hydrocarbon
derivatives. Indeed, the volume of CF, and CF; groups
are estimated at 38 and 92 A® versus 27 and 54 A* for
CH, and CHj;, respectively.'®!'* These characteristics
generally tend to form aggregates possessing a small cur-
vature and low surface energy.'> In our case, the high
volume of the DiF;UPC chains stabilizes a hetero-
geneous lamellar assembly in the crystalline state below
Tm, whereas the uridine moiety increases the membrane
rigidity. A drawing illustrating the different self assem-
bled structures observed at room temperature for
DiF;UPC (bilayer, left) and DSUPC (helical structure,
right) is shown in Figure 2.

We next focused our attention on the application of
DiF;UPC as a building block for the construction of
hybrid microspheres. We have previously demonstrated
that microspheres can be obtained in the presence of
highly hydrophobic nucleoamphiphiles bearing satu-
rated chains.” When a natural phospholipid (such as
DSPC, 1,2-distearoylphosphocholine), which lacks the
nucleoside is used instead of DSUPC, no microspheres
are observed. Among the various parameters important
for the formation of hybrid microspheres, chain—chain
hydrophobic interactions play a major role in the
assembly process. We hypothesized that the use of a
fluorocarbon amphiphile would allow for the stabiliza-
tion of these hybrid micro-objects. For this purpose,
the 2H,2H,3H,3H-perfluoroundecanoyl chain was
selected to provide a similar hydrophobicity as the
palmitoyl/stearoyl hydrocarbon chains. Given that one
CF, group corresponds to roughly 1.7 CH, groups in
terms of hydrophobic character.'® We estimated that the



L. Moreau et al. | Tetrahedron Letters 47 (2006) 7117-7120

Bilayers

7119

Nanofibers

Figure 2. Illustration of the different supramolecular organizations obtained. At room temperature DiF,;UPC stabilizes a lamellar system (left),
whereas helical structures are observed with DSUPC in the same conditions (right).

hydrophobic character of DiF;UPC would be similar
to DPUPC (1,2-Dipalmitoyluridinophosphocholine) and
DSUPC, which are the best hydrocarbon nucleo-
amphiphiles for forming microspheres.

We investigated whether DiF;UPC was capable to
form microspheres in the presence of thorium or not.
DiF;UPC (20 mg) was hydrated in the presence of
0.5mL of a thorium nitrate solution (0.16 M) at high
temperature (95 °C) for 2 min. This procedure affords
a white precipitate, which was characterized by Scan-
ning Electron Microscopy (SEM). As shown in Figure
3, the precipitate exhibits numerous microspheres vary-
ing in size between 0.5 and 12 pm. The size distribution
of the DiF;;UPC/Th*" microspheres obtained was com-
pared to DSUPC/Th*" micro-objects previously de-
scribed. The results obtained from the electron

microscopic images (SEM) revealed a slightly more
polydisperse population in the case of the DiF;UPC
with few large objects (diameter >5 um), which were
not observed in the case of DSUPC samples. A mean
diameter of approximately 2.5 um was observed in both
cases (Fig. 3c). A TEM photograph of DSUPC/Th*"
microspheres is shown in Figure 3d.

In summary, we have synthesized the first example of a
fluorocarbon nucleoamphiphile using a four steps syn-
thetic route. The presence of the fluorocarbon chains
on the 5'-phosphocholine nucleoside structure gives
self-assembled lamellar systems in aqueous media at
room temperature, whereas its hydrocarbon analogues
(DPUPC, DSUPC) form helical structures under similar
conditions. This different behaviour indicates the impact
of the fluorocarbon chains on the organization of the
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Figure 3. (a) and (b) SEM images of DiF;;UPC/Th*" microspheres at different magnifications (bars: 10, 1 and 2 pm, (a), (b) and (d), respectively). (c)
Microspheres populations of DiF;;UPC/Th*" (grey) and DSUPC/Th*" (green) systems. (d) Inset (a), TEM image showing thorium loaded

microspheres.
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supramolecular systems. The formation of actinide
loaded microspheres illustrates that fluorocarbon nucleo-
amphiphiles can be used to construct hybrid supramo-
lecular systems. Such materials are likely to be of
interest for multiple applications ranging from chemis-
try to medicine.!” In fine, these data show that combin-
ing fluorocarbon chains with nucleoside moieties affords
interesting structures and these results broaden the
scope and potential uses of nucleoamphiphiles in the
field of supramolecular chemistry.
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