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Hydrocarbons generally consist of molecules that are entirely co
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 reportkthe synthesis and characterization
of the first example of such salts by combining a hydrocarbon
containing an extensive planar-conjugated system with a
substituted cyclopropenylium or tropylium ion. As is shown
by the facile formation of " (n = 1—6)? and substituted
fulleride ions (RGy™),22¢%6 the fullerene skeleton, which has

a sphericalr-conjugated system, represents another important

framework for the construction of highly stable anionic species.
The unusually low basicities ofgg~, Cso(CN)~, andt-BuCgo~
(pK4 of conjugate acids, 349,442,520 and 5.75 respectively)
and the isolation of the lithium salt #fBuCsy~ (1) prompted

us to synthesize a new hydrocarbon salt containing a fullerene

framework. We report the isolation of a hydrocarbon salt
consisting ofl~ and tris[1-(5-isopropyl-3,8-dimethylazulenyl)]-
cyclopropenylium ion Z*). In cation2*, first synthesized by
Agranat! 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'C Cso(CN)~, and1™
can coexist with2* in solution® In addition, the molar
conductivity (A) of DMSO solutions containing KL= and
2+ClO4~ of equal concentration) showed a linear\ —ct/2
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relationship, indicating tha2*t1~ 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 existencedgfC
Cso(CN)~, or 1~ in the presence ot appears to be due
principally to the extremely high thermodynamic stabilities of
both cationic and anionic species. However, Arnett’'s empirical
equatior? which correlates the heat of coordination of a
carbocation and a carbanion with theKg?™ and Ky, values,
predicts that the coordination df- with 2+ is energetically
favorable by 7.5 kcal/mdP 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 theert-butyl group!?

For the isolation of a hydrocarbon sdlt,1~, a reddish-brown
lored solution 0R*CIO4~ in THF was added to a dark green
THF solution of 1 equiv of K1~ under argon at room
temperature, followed by reprecipitation by dilution with &H
CN. The precipitated hydrocarbon was separated from the
soluble KCIQ by centrifugation and vacuum-dried to give a
dark reddish-brown powder (41%).

()
W,

Covalent hydrocarbon

21

Hydrocarbon salt

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 &" and 1~, indicating that the
solid is a sal2™1~ rather than a covalent compou@e-1.1213
In addition, the absence of solvent molecules, THF and-CH
CN, was indicated by the spectrum, which showed no absorption
peaks corresponding to those molecules.

(8) The sodium salt of g5~ was prepared by reducing&with sodium
naEhthalenide. KCso(CN)~ and K1~ were prepared by treatings6€(CN)-

H* and t-BuCsoH,>® respectively, witht-BuOK. Details are described in
the Supporting Information.

(9) For tertiary carbocations—AHcoorq = 8.895-0.648(Kr") +
1.294(Kna): (a) Arnett, E. M.; Chawla, B.; Amarnath, K.; Whitesell, Jr.,
L. G. Energy Fuelsl987 1, 17. (b) Arnett, E. M.; Amarnath, K.; Harvey,

N. G.; Cheng, J.-PJ. Am. Chem. S0d.99Q 112 344.

(10) Agranat reported that theKp™ value of 2" is greater than 10 in
50% aqueous acetonitrile by potentiometric titration (ref 7). We determined
the Kr* value by spectrophotometrical titration of a glycine-buffered
solution of 2"CIO,~ in 50% aqueous acetonitrile with aqueous NaOH.
Although hydrolysis of2* was not reversible, rapid measurement gave a
titration curve corresponding to &g* of 13.64 0.1.

(11) Addition of an electrophile td~ usually occurs at positions C-2
and C-4, since both the negative charge and the HOMO electrons are mostly
located in the vicinity of theert-butyl group: Kitagawa, T.; Tanaka, T.;
Takata, Y.; Takeuchi, K.; Komatsu, KTetrahedron1997 53, 9965.
Kitagawa, T.; Tanaka, T.; Takata, Y.; Takeuchi, K.; KomatsuJKOrg.
Chem.1995 60, 1490. See also refs 2a,c and@&
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Figure 1. Infrared absorption spectra measured using KBr disks under
an atmosphere of argon: (&1, (B) 2Cl~, (C) K1 +(THF)x.
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Figure 2. Visible/near-IR absorption spectra: (&1, KBr disk;
(B) DMSO—THF (4:1 v/v) solutions; €) 2t17; (---) 2ClOs~; (++*)
K+1~,

The visible/near-IR absorption spectrum for a transparent KBr
disk of 2t1~ (Figure 2A) showed absorption maxima corre-
sponding td2" (485 nm) andL™ (1020 nm). No charge-transfer

Communications to the Editor

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 ofgHs;"+CssHg .1

The salt2t1 is slightly soluble ¢107% M) in DMSO, to
give a reddish-brown solutions. The visible/near-IR spectra of
a solution in DMSG-THF (4:1 v/v) agreed with the sum of
independently measured spectralof and 2+ (Figure 2B)%®
indicating that the ionization of the salt in polar media is
essentially complete and that no carbaarbon bonds are
formed.

The salt is much more soluble (072 M) in THF. Although
the visible/near-IR anéH NMR1® spectra showed gquantitative
ionization in THF, the ions are not stable in this solvent: signals
corresponding td~ and2* simultaneously disappeared with a
half-life of 1.5 h at 25°C. Dissolving2t1~ in less polar
solvents such as toluene and carbon disulfide afforded brown
solutions which exhibited no absorptions consistent W&itmor
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 anidn, as a
component. The present results demonstrate the utility of using
the Gy 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 thigd
NMR spectrum of2*1~ in THF-ds, detailed synthetic procedure for
2+1~, experimental methods, and the results of the measurements of
the visible/near-IR spectra @"-Csy~ and 2"-Cso(CN)~ in solution
and electric conductivity measurements (9 pages). See any current
masthead page for ordering and Internet access instructions.
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(12) Another possible carbocatierarbanion reaction, a single-electron
transfer from1~ to 2* to produce a pair of radicals, is unlikely to occur,
since the oxidation potential df~ (—0.33 V vs ferrocene/ferrocenium in
DMSO, ref 5) is much more positive than the reduction potentia®of
(—1.51 V vs ferrocene/ferrocenium in DMSO).

(13) Powder X-ray diffraction (Cu & radiation) showed no sharp lines,
indicating that only a very low degree of order exists in the obtained solid.
(14) Elemental analysis. Calcd forf2Hgo: 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) While 2* is stable toward air and moisturg; is highly sensitive
to air. The visible/near-IR spectrum df was measured in a degassed
solution of K1~ in DMSO, prepared from-BuCsoH with excesg-BuOK:
Amaxat 995 € 2400) and 6564 3650) nm. This anion showed no absorption
maximum near 430 nm, which is characteristic of 1,2-disubstituted
dihydrofullerenes. Samples oft{~¢(THF), for IR spectral measurements
were obtained by evaporating and vacuum-drying a THF solutionfdf K

(16)H NMR of 2"1~ (THF-dg, 400 MHz): 8.49 (dJ = 2.0 Hz, 3H),
8.16 (s, 3H), 7.85 (dd) = 10.7, 2.0 Hz, 3H), 7.52 (d] = 10.7 Hz, 3H),

band_v_vas observed up to 1400 nm, indicating &¥dt- can be 326 (septet) = 6.8 Hz, 3H), 2.90 (s, SH) 2.62 (5. OH). 2.27 (5. ‘GH).
classified as a charge-separated salt, rather than a charge-transf@fs; (4,7 = 6.8 Hz, 18H). The time dependence of the NMR spectrum is
complex. given in the Supporting Information.



