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A new class of hydrocarbon anions, pentaaryl- and penta-
methylfullerene anions RsCq;~ (R = Ph, 4-BuCgH,, 4-PhCgH,,
Me) was found to be stable and soluble in water. Atomic force
microscopic observation and dynamic light scattering measure-
ments indicated that the potassium salt PhsCg K in water forms
spherical aggregates with an averaged radius of about 17 nm.

In spite of its extreme hydrophobicity, [60]fullerene can be
made soluble in water by connecting it to functional groups that
are charged in water (e.g., carboxylic acid and amine).> Water
soluble fullerenes not only exhibit diverse biological
activities!®" but also form ordered aggregate structures that can
be utilized in materials science.29" We report here that the pen-
taaryl- and pentamethylfullerene anions RsCg,™ (R = Ph, 4-
BuCgH,, 4-PhCgH,, Me)?2 show remarkable stability and solu-
bility in water.* These cyclopentadienides are readily available
through the 5-fold addition of organocopper reagent to Cg.2
Being composed solely of carbon atoms and hydrogen atoms,
these compounds represent a rare example of hydrocarbon
anions with well-defined water solubility. The unique feature
of this water-soluble fullerene is that the solubility arises from
the charge in the fullerene core rather than that in the pendant
side chains as in the previously known water-soluble
organofullerenes. Atomic force microscopic (AFM) observa-
tion and dynamic light scattering (DL S) measurements of aque-
ous solutions of the potassium salt Ph;CgoK (1a) indicated that
la (1.0 x 1077-2.0 x 10~2 mol-L™1) in water at 25 °C forms
spherical aggregates with an averaged radius of about 17 nm.

In contrast to our previous observation that the D,O-
quenching of the reaction mixture of the 5-fold organocopper
(PhMgBr/CuBr-SMe,) addition to Cg, afforded a deuterated
compound PhsCq,D,% we found that the potassium pentaaryl-
fullerenide ArsCqK (1a: Ar = Ph, 1b: 4-BuCg¢H,, 1c: 4-
PhCqH,) prepared from ArsCqH? and 1 equiv of KOBu in
THF was stable in water. Namely, dilution of the THF solution
with water (pK, = 15.7) formed a stable homogenous solu-
tion.>® The corresponding pentamethyl derivative MeCg K
(1d)% in THF was also stable in water. Taken together, these
experiments indicate that the stability of the anions is due to the
intrinsically high stability of the cyclopentadienide anion
through delocalization of the negative charge toward the 50-1t
electron system at the bottom of the Cg, cage through “endohe-
dral homoconjugation™* rather than due to steric protection of
the cyclopentadienyl anion by the R-substituents against the
attack of water or proton (i.e., kinetic stability).

A THF-free aqueous solution of the fullerene cyclopen-
tadienide was prepared as follows: Under argon atmosphere, a
portion of the dark red THF solution of RsCeK (1) (3 x 107
mol-L1) was added into degassed ultra pure water [THF : water

d: R=Me

= 1:10 (v:v)]. The resulting orange solution was concentrated
to less than half an original volume, and was diluted with water
to the original volume. After the evaporation—dilution cycle
was repeated several times, evaporation was continued until
precipitation started. Finally, removal of a small amount of the
precipitate with centrifuge (1.5 x 10* rpm, 10 min) gave a red-
colored clear saturated solution.” Approximate concentrations
of 1a, 1b, 1c, and 1d in aqueous solution thus prepared were 5
x 107 mol-L7 (6 g-L™), 1.5 x 107 mol-L* (2.3 g-L ™), 2.6 x
10=% mol-L™* (3.7 g-L™%), 4.7 x 10 mol-L™* (0.37 g-L ™),
respectively. Once prepared, these aqueous solutions remained
stable for a month under air (as examined by DLS), as opposed
to the corresponding THF solutions that were immediately oxi-
dized upon exposure to air into a mixture of several oxidation
products. A more dramatic difference between the aqueous
solution and the THF solution was observed in the 'H NMR
measurements. As reported previously,? the 'H NMR spectrum
of PhsCqoK (1a) in THF-dg showed sharp multiplet signals in
the aromatic region indicating Cs, symmetry of the molecule.
On the other hand, the D,O solution of the same compound
showed no *H NMR signals at all. In addition, a comparison of
the UV/vis spectra of 1la in THF and H,O showed significant
broadening of the absorption bands in the aqueous solution
without significant change in A,,, and the absorption intensity
(Figure 1). The air-stability and the spectral behavior (*H
NMR, UV/vis) are the clear indications of the difference in the
macroscopic environment of the anions in the THF and the
aqueous solutions, namely, aggregate formation in the latter.

To obtain information on the state of aggregation of the
anion, we examined the aqueous solution of Ph;CgK (1a) on
mica surface by AFM (Figure 2). Thus, 1 uL of a 5 x 10™
mol-L aqueous solution of l1a was deposited on mica (5 x 5
mm?) under air, and was observed by AFM with an AC mode
(JEOL JSPM-4200) with a silicon cantilever (NT-MDT, reso-
nant frequency ~180 kHz). The AFM image showed flat
round-shaped objects corresponding to the aggregated 1a. The
size of the aggregates ranges from 40 to 80 nm in diameter and
from 5 to 16 nm in height. A typical object in Figure 2 meas-
ures 70 nm in diameter and 10 nm in height (see inset). Its vol-
ume is roughly estimated at 2.0 x 10* nm3. This value for the
half-spherical object corresponds to a radius of 17 nm for a
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Figure 1. UV-vis absorption spectra of PhsCgoK (1a) in THF
(1.0 x 10°° mol'L'!) (a) and in water (8.0 x 10 mol-L'1) (b) .
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Figure 2. Atomic force microscope image (AC mode) of
aqueous PhsCgoK (la) aggregate on mica. Inset shows
height profile corresponding to the line in the image.

spherical object. This estimate of the volume and the size dis-
tribution by AFM is in good accord with the results of the light
scattering experiment (vide infra). The flat shape of the objects
on the mica surface must be due to adsorption force between
the aggregates and the mica surface.

To obtain quantitative data on the free-floating aggregates
of 1 in aqueous solution, DLS measurements at different scat-
tering angles for the dark orange 2.0 x 10~® mol-L solution of
la were carried out to obtain an averaged apparent hydrody-
namic radius value of 16.8 nm with a polydispersity index® of
0.18 + 0.02 (Figure 3).° The size and size distribution of the
particles did not show an apparent angular dependence. In
good accordance with the AFM results, the lack of angular
dependence shows that the aggregates are globular particles.
Samples of much lower concentrations (=1 x 10~ mol-L™) pre-
pared by diluting the 2.0 x 10=3 mol-L solution gave essential-
ly the same results.

Note that none of the existing models proposed for aggre-
gates of lipid-type amphiphiles could be applied straightfor-
wardly to the aggregation behavior of R;CqoK, since, in this
unique amphiphile, the large spherical fullerene core represents
both the origin of the charge-induced water solubility and that
of the hydrophobicity of the molecule. Much remains to be
undertaken for elucidation of the aggregate structure at the
molecular level.
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Figure 3. Apparent hydrodynamic radius distribution of PhsCgoK (1a)
aqueous solution with C =2 x 10" mol-L-! at different scattering angles.
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