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We have prepared the icosahedral anion {0B);,~ (17),
dodecakistrifluoromethylcarbelosododecaborate, whose large
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n < ~1812 Repeated attempts at perfluorination usingwith

and without irradiation at various pressures, temperatures, and
stirring rates were unsuccessful. UnliRe® the partially fluori-
nated mixture is unaffected by anhydrous HF and hence the
Simmons electrochemical fluorinati&rprocedure was feasible.

It provided the first samples df~ in ~1% vyield after HPLC
separatiort?*Perfluorination of the partially fluorinated mixture
with Bartlett's reagerit (K,NiFg) is superior and provides C&~

in 25% overall isolated yield (96% for each of 36 successive
substitutions}? Structure (effectiveCs, symmetry) and purity were
established by spectroscoffyAttempted combustion analyses
resulted in detonation. The cesium salt has been converted to

size, absence of strongly basic sites, sterically protected delocal-others by ion exchange in methahot repeated partitioning (3)
ized charge, oxidation resistance, and chemical stability promise of an ethereal solution against a concentrated(%) aqueous

to make it a superior weakly coordinatingounterion for
extremely acidic, electrophilic, and/or oxidizing cations. However,
Cs'1™ is explosivé and the nearly spherical symmetry bf
hinders crystallographic characterization of its salts.

In previous attempts to decrease their coordinating ability,
icosahedral carborate anions were partfaiyfully* halogenated
or fully methylateck We expected that perfluorination would
suppress the sensitivityof the CB1(CHs)1.~ anion @7)° to strong

acids and oxidants. Halomethyl persubstituted carborate anions

were not previously reported, but the neutral 1,18CHCL,):»
has been describédluorination of 1,12-GB1o(CHs)1, and 1,12-
(H)2-1,12-GB;o(CHa)10 has been investigatédand simple trif-
luoromethylborates are know#.

Fluorinatiort! of Cs"2~ in CFCk with excess 10% #N, gave
a mixture of partially fluorinated anions GE;oHFzs—n~, ~8 <
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solution of a salt of another cation.

—>» CB1CppH,Fen
mixture
8<n<18

Numerous attempts at single-crystal X-ray diffraction analysis
of Cs", Rb", PPN, and PhEtMeP" salts failed because the
essentially spherical anion was disordered (many such structures
of salts of2~ have been solved successféftyand the difficulty
appears to be specific to the Teflon-like surfacd of The low-
symmetry P1 or P1) PhEtMeP'1™ crystal yielded a well-defined
cation structure with reasonable thermal parameters, but no
suitable model for the anion was found (R140%)28 Electron
density maps showetl” to be essentially spherical, with-a8.0
A outer F sphere diameter and 3.38 A inner,C&here diameter,
in agreement with the 8.12 and 3.42 A respective average
diameters in a B3LYP/6-31G? optimized structure (Figure 1).

The anionl~ is destroyed by heating to 23C and by N&in
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Figure 1. Space filling and stick representations of the calculated
(B3LYP/6-31G*) structure of CB(CFs)12~. F atoms are red, C atoms
are yellow, and B atoms are green. The calculated structdrdéo¥isually
indistinguishable from that of~.

stable in concentrated ,HO,, anhydrous C§SO;H, and BFR/

anhydrous HF mixtures, and may remain unprotonated in these

acids?® It is electrochemically inert within the entire electro-
chemical window of MeCN/B{N*PFR;~ and is not oxidized by
O,"AsFs~ in anhydrous HF.
The perfluorinated analogue of the stabléneutral radicap
is calculateé? (B3LYP/6-314+-G*//B3LYP/6-31G*) to be stable,
with a structure (Figure 1) very similar to that a@f, and is
expected to be an extremely potent oxidant. The calcufated
(B3LYP/6-31+G*//B3LYP/6-31G*) adiabatic electron detach-
ment energy (in e\V® of 1~ is 8.80; the value calculated f@r
is 4.57 (4.32Y; cf. F~ 3.40%223PtRs~ 7.00+ 0.352% ~8;2% IrFg~
6.50 + 0.382% SbRy~ >6.002%%5 AuFs~ 9.562¢ >10.0%® Since
the reversiblds;;, of 27 in MeCN is 1.6 V vs NHE, this formally
places theE;, of 1~ at~5.8 V, or~2.9 V above the 2 F— F,
couplé” and~2.1 V above the F— F couple?®
Unfortunately,1~ and, presumablyi are unsafe. The Cssalt
of 1~ burns vigorously and has exploded with formation of soot
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the B(7)B(8)B(12) triangle, 2.5 A from one of the F atoms in 12;CF
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upon scraping with a metal spatdlaroviding the first example
of an explosive compound based on tlesc-CB;; framework.
Principal products of the explosive decomposition of Csin
oxygen include BE BF,~, and CQ.?° The calculated heat of
combustiof® of 1~ is 2358 kcal/mol, or 2.45 kcal/g (cf. TNT,
3.6 kcal/g), and the calculated heat of explo&#of 1~ is 1272
kcal/mol, or 1.32 kcal/g (cf. TNT, 1.05 kcaf, neglecting
changes in Madelung energies{00 kcal/mol) and differences
in zero-point energies. Fdr, the calculated heat of combusti®h
is 2450 kcal/mol, or 2.55 kcal/g, and the calculated heat of
explosiori® is 1385 kcal/mol, or 1.45 kcal/g. The high-energy
content ofl™ is due to two chief factors. One is the higher strength
of the B—F bond (154 kcal/mol in B relative to the G-F bond
(116 kcal/mol). The other is the steric crowding of the;CF
substituent$? In 1~ the calculate®-*3substituent crowding energy
is 144 kcal/mol, comparable to the strain energy in cubane (157
kcal/mol)34 The introduction of large substituent crowding by
perfluorination has been noted befde.

The anionl~ approaches the ideal of inertness more closely
than2~, but the disordered and explosive nature of crystals of its
salts reduce its practicality.
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