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Hydrocarbons generally consist of molecules that are entirely
covalent in nature. Recently, however, we have demonstrated
the existence of an unusual class of hydrocarbons, i.e., hydro-
carbon salts, which are ionic solids and consist solely of carbon
and hydrogen. We reported1 the synthesis and characterization
of the first example of such salts by combining a hydrocarbon
containing an extensive planarπ-conjugated system with a
substituted cyclopropenylium or tropylium ion. As is shown
by the facile formation of C60n- (n ) 1-6)2 and substituted
fulleride ions (RC60-),2a,c,3-6 the fullerene skeleton, which has
a sphericalπ-conjugated system, represents another important
framework for the construction of highly stable anionic species.
The unusually low basicities of C60•-, C60(CN)-, andt-BuC60-

(pKa of conjugate acids, 3.4-9,4c,d2.5,4b and 5.7,5 respectively)
and the isolation of the lithium salt oft-BuC60- (1-) prompted
us to synthesize a new hydrocarbon salt containing a fullerene
framework. We report the isolation of a hydrocarbon salt
consisting of1- and tris[1-(5-isopropyl-3,8-dimethylazulenyl)]-
cyclopropenylium ion (2+). In cation2+, first synthesized by
Agranat,7 the three guaiazulenyl groups effectively raise the
thermodynamic stability of the cation and increase steric
congestion around the positive charge, as well.
Spectroscopic studies showed that C60

•-, C60(CN)-, and1-

can coexist with2+ in solution.8 In addition, the molar
conductivity (Λ) of DMSO solutions containing K+1- and
2+ClO4

- of equal concentrations (c) showed a linearΛ-c1/2

relationship, indicating that2+1- is a strong electrolyte in
DMSO. Normally both carbocations and carbanions are so
reactive that they cannot coexist because of coordination to form
a carbon-carbon covalent bond. The stable existence of C60

•-,
C60(CN)-, or 1- in the presence of2+ appears to be due
principally to the extremely high thermodynamic stabilities of
both cationic and anionic species. However, Arnett’s empirical
equation,9 which correlates the heat of coordination of a
carbocation and a carbanion with their pKR

+ and pKHA values,
predicts that the coordination of1- with 2+ is energetically
favorable by 7.5 kcal/mol.10 Therefore, the observed persistence
of these ions in solution can be attributed also to the high degree
of steric repulsion, especially that between the guaiazulenyl
groups and thetert-butyl group.11

For the isolation of a hydrocarbon salt,2+1-, a reddish-brown
colored solution of2+ClO4

- in THF was added to a dark green
THF solution of 1 equiv of K+1- under argon at room
temperature, followed by reprecipitation by dilution with CH3-
CN. The precipitated hydrocarbon was separated from the
soluble KClO4 by centrifugation and vacuum-dried to give a
dark reddish-brown powder (41%).

The salt structure of this solid was confirmed by IR
spectroscopy (Figure 1). The absorption spectrum of the
obtained solid, measured using a KBr disk, was superimposable
with the sum of the spectra of2+ and1-, indicating that the
solid is a salt2+1- rather than a covalent compound2-1.12,13
In addition, the absence of solvent molecules, THF and CH3-
CN, was indicated by the spectrum, which showed no absorption
peaks corresponding to those molecules.
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The visible/near-IR absorption spectrum for a transparent KBr
disk of 2+1- (Figure 2A) showed absorption maxima corre-
sponding to2+ (485 nm) and1- (1020 nm). No charge-transfer
band was observed up to 1400 nm, indicating that2+1- can be
classified as a charge-separated salt, rather than a charge-transfer
complex.

The solid is stable under vacuum but is highly sensitive to
air and reacts to give oxygen-containing compounds. Elemental
analyses show that the carbon and hydrogen contents decrease
rapidly on exposure to air, while the C%:H% ratio remains
constant at the theoretical value of C48H51

+‚C64H9
-.14

The salt2+1- is slightly soluble (∼10-5 M) in DMSO, to
give a reddish-brown solutions. The visible/near-IR spectra of
a solution in DMSO-THF (4:1 v/v) agreed with the sum of
independently measured spectra of1- and 2+ (Figure 2B),15

indicating that the ionization of the salt in polar media is
essentially complete and that no carbon-carbon bonds are
formed.

The salt is much more soluble (>10-2 M) in THF. Although
the visible/near-IR and1H NMR16 spectra showed quantitative
ionization in THF, the ions are not stable in this solvent: signals
corresponding to1- and2+ simultaneously disappeared with a
half-life of 1.5 h at 25°C. Dissolving 2+1- in less polar
solvents such as toluene and carbon disulfide afforded brown
solutions which exhibited no absorptions consistent with1- nor
2+, indicating immediate decomposition. NMR analysis showed
the formation of a mixture of unidentified compounds.

In conclusion, we have successfully synthesized a new
hydrocarbon salt using a fullerene-derived anion,1-, as a
component. The present results demonstrate the utility of using
the C60 skeleton for the synthesis of a new class of hydrocarbons
and provide insight into the potential importance of fullerenes
in hydrocarbon chemistry.
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Supporting Information Available: Time dependence of the1H
NMR spectrum of2+1- in THF-d8, detailed synthetic procedure for
2+1-, experimental methods, and the results of the measurements of
the visible/near-IR spectra of2+‚C60

•- and 2+‚C60(CN)- in solution
and electric conductivity measurements (9 pages). See any current
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(12) Another possible carbocation-carbanion reaction, a single-electron
transfer from1- to 2+ to produce a pair of radicals, is unlikely to occur,
since the oxidation potential of1- (-0.33 V vs ferrocene/ferrocenium in
DMSO, ref 5) is much more positive than the reduction potential of2+

(-1.51 V vs ferrocene/ferrocenium in DMSO).
(13) Powder X-ray diffraction (Cu KR radiation) showed no sharp lines,

indicating that only a very low degree of order exists in the obtained solid.
(14) Elemental analysis. Calcd for C112H60: C, 95.70; H, 4.30. Found:

C, 91.71; H, 4.12 (immediately after preparation); C, 87.91; H, 3.86 (after
exposure to air for 30 min).

(15) While2+ is stable toward air and moisture,1- is highly sensitive
to air. The visible/near-IR spectrum of1- was measured in a degassed
solution of K+1- in DMSO, prepared fromt-BuC60H with excesst-BuOK:
λmaxat 995 (ε 2400) and 656 (ε 3650) nm. This anion showed no absorption
maximum near 430 nm, which is characteristic of 1,2-disubstituted
dihydrofullerenes. Samples of K+1-•(THF)x for IR spectral measurements
were obtained by evaporating and vacuum-drying a THF solution of K+1-.

(16) 1H NMR of 2+1- (THF-d8, 400 MHz): 8.49 (d,J ) 2.0 Hz, 3H),
8.16 (s, 3H), 7.85 (dd,J ) 10.7, 2.0 Hz, 3H), 7.52 (d,J ) 10.7 Hz, 3H),
3.26 (septet,J ) 6.8 Hz, 3H), 2.90 (s, 9H), 2.62 (s, 9H), 2.27 (s, 9H,1-),
1.41 (d,J ) 6.8 Hz, 18H). The time dependence of the NMR spectrum is
given in the Supporting Information.

Figure 1. Infrared absorption spectra measured using KBr disks under
an atmosphere of argon: (A)2+1-, (B) 2+Cl-, (C) K+1-‚(THF)x.

Figure 2. Visible/near-IR absorption spectra: (A)2+1-, KBr disk;
(B) DMSO-THF (4:1 v/v) solutions; (s) 2+1-; (---) 2+ClO4

-; (‚‚‚)
K+1-.
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