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A Highly Water-Soluble Dendro[60]fullerene

Michael Brettreich and Andreas Hirsch*

Institut fiir Organische Chemie der Universitit Erlangen-Niirnberg, Henkestr. 42, D-91054 Erlangen

Received 2 February 1998; accepted 26 February 1998

Abstract: The nucleophilic cyclopropanation of Cgy with a second generation
bis(polyamide)-malonate dendrimer and the subsequent deprotection of the terminal
t-butyl groups provides a dendro[60]fullerene with 18 carboxylic groups in the

periphery. This dendritic monoadduct of Cgp is highly water-soluble. © 1998 Published by
Elsevier Science Ltd. All rights reserved.

The extraordinary radical-scavenger properties' of Cq are ideal prerequisites for a therapeutical use against
several neurodegenerative diseases. This was shown in a landmark paper by Dugan et al.” demonstrating that
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organism it is necessary to synthesize water-soluble fullerene derivatives.’

This is in principle possible via the
covalent attachment of hydrophilic addends. Whereas hydrophilic polyadducts, like polyaminoia or
polyhydroxyfullerenes'® are ill defined, most of the previously described ‘water-soluble’ monoadducts are
only sparingly soluble in water, form suspensions or require a co-solvent. For their pharmaceutical
investigations Dugan et al. used the water-soluble trisadducts C3-Ce3(COOH)s and D3-Ce3(COOH)g which
were synthesized for the first time in our group.4 Compared to other hydrophilic fullerene derivatives the
advantage of these tris malonic acid adducts of Ceg is 1.) their high water-solubility, and at the same time their
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capability of fuilerenes decreases with the number of addends aiready bound’ it is desirabie to use highly
water-soluble monoadducts instead of trisadducts for such neuroprotective applications. As a consequence, we
decided to develop a dendrimer as addend® which contains a sufficient number of carboxylic groups in its

periphery. With this strate

ov we were able to svnthesize and characterize the monoadduct 1 which exhibits bv
periphery. frategy we were able to synthesize and charactenze the t 1 which exhibits by

far the highest water-solubility known to date.
We decided to use the second generation polyamide 2 (H:N -G2)° as precursor dendron (Scheme I). For these

dendrimers we elaborated for the first time a convergent synthesis approach in order to avoid structural defects
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with increasing dendritic generations. 7 The precursor dendron 2 was then subjected to a coupling reaction with
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cyclopropanation of Cg with malonates developed previously in our group.
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Scheme 1. Synthesis of the water-soluble dendro[60]fullerene 1

For this purpose 3.9 g (2.71 mmol) of 2 was stirred for 24 h with 359 mg (1.3 mmol) of the malonate 3 in the
presence of 559 mg (2.71 mmol) dicyclohexylcarbodiimide (DCC) and 366 mg (2.71 mmol) 1-hydroxybenzo-
triazole (1-HOBT) in DMF at room temperature. After chromatography on silica-gel the dendritic malonate 4
in 47 % yield (1.9 g, 0.61 mmo!). The reaction of 1.9 g of 4 with 438.9 mg (0.61 mmol) of Cgs in
the presence of 102 mg (0.67 mmoi)

dendro[60]fullerene § in 29 % yield.

and 202 mg (U 61 mm0|) L,DI‘4 in toluene afforded the prorecrea
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was purified with repeated flash chromatography on silica-gel using

toluene then toluene : ethyl acetate (1:1) and finally ether : hexane (6:1) as eluents. Compound § is a red-
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. ethyl acetate, chloroform, toluene

and methanol. The deprotection of 5 was achieved by stirring the ester in formic acid for 12 hours at room
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temperature. After removing the formic acid in vacuum the polycarboxylate 1 was obtained as a red-brown
. T . . : 1
powder in quantitative yield. The new compounds 1, 4 and § were completely characterized with 'H NMR-,

BC NMR-, IR-, and UV/Vis spectroscopy as well as by mass spectroscopy (FAB, ESI, MALDI-TOF)!

The polycarboxylate is soluble in water and methanol (red solution) and insoluble in the most organic solvents
like toluene, THF, acetone, chloroform and DMF. Methanol is not a suitable solvent since it reacts slowly with
1 to give polymethyl esters. Due to the presence of 18 carboxy groups the water-solubility of 1 determined by
the intensity of the 257 nm absorption of saturated solutions is very high. In a buffer-soiution at pH 7.4 at least
34 mg of the acid is soluble. This corresponds to an amount of 8.7 mg Ceo per mL water. In basic solution the
solubility is much higher. An amount of at least 254 mg/mL of 1 is soluble at pH 10 which corresponds to an
equivalent of 64.7 mg of Cs
Guldi et al.' reported that for water-soluble Ceo-derivatives a considerable broadening of the UV/Vis bands

especially the 425 nm absorption occurs. A similar phenomenon was observed for other water-soluble
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monoadducts of Cgo.”*" Without providing a quantitative analysis like measuring the cluster sizes it was
1 .

concluded'® that this is due to a pronounced aggregation behaviour. The water-soluble dendro fullerene 1,

however, exhibits a UV/Vis spectrum which is almost identical to that of its protected precursor 5 displaying
the characteristic sharp absorption at 425 nm. To find out whether there is also aggregation involved in water

solutions of 1 we carried out dynamic light scattering measurements, which provide a direct measure of the

spectra of water-solutions of 1 are reminescent of a non-aggregated monoadduct. At pH = 8 21.5 % of 1
consists of small aggregates with an average hydrodynamic radius of 10.4 nm whereas the rest is organized in
larger aggregates with an average hydrodynamic radius of 37.8 nm. At pH = 11 the amount of the smaller
clusters is higher (30.0 %) and at the same time their hydrodynamic radius decreases to 5.0 nm whereas those
of iarger ciusters (33.8 nm) is less affected by the pH change. We are currentily investigating the question on

the influence of the nature of the dendritic addends on the aggregation behaviour.

for the light scattering measurements.
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