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We previously reported that fluorinations ofdwith F, (315— 100
355 °C) or metal fluorides (ME 300-500 °C) yielded GoFsg, 20 eV EI-MS
CsoFas Or CsoF1g-2 and that the fluorination of £ with K, PtRs at e CooFrdt
500°C selectively produce®s;—C74F35.2 In all cases, the thermo- (ESI-MS
dynamically most stable isomer or set of isomers was produced,
each exhibiting a contiguous pattern of F-bearinG@atoms and %

(except for GoFsg) one or more stabilizing isolated benzenoid % CooF2sBr~
rings3~7 R TR Lh '

One might expect that milder reaction conditions could produce 100 1200 1300 miz
kinetically stable fluorofullerenes with completely different struc- /
tures, but until now this has not been demonstrated. Fluorinations CeoF25Br*
of Cgo Or Cso(Cl,Br), at low temperatures (2570 °C) have been l l }

I ill Iil‘lli.

+

CeoF2s
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reported, but in each case complex mixtures of products were 0 Cfo Ll ‘
. 1
produced, and pure compounds were not isoléted. 700 900 1100 1300 miz

o i 9. - 10
We now report that fluorination oT-CeoBrs” with XeR™ in Figure 1. El mass spectrum (20 eV) of the crude product of reaction of

anhydrous HF (aHF) at 25C produced Ty-CeoF24, the first CeoBra4 With XeF, in aHF. RaisingUe to 70 eV resulted in an increase in
fluorofullerene with a noncontiguous addition pattern of F at&t3. the GoF2s-fragment intensity and disappearance of theFgBrt peak.

Figure 1 shows the El and ESI mass spectra of the pale yellow (Inset) Negative-ion ESI mass spectrum of an HPLC-purified sample of

i ; 3 CeoF24. Collision-induced dissociation of thavz 1276 GF2sBr~ ion
crude product and HPLC-purified o624, respectively:? No produced them/z 1195 G5~ ion via Br loss, confirming the peak

significa.nt peaks witlm/z > 1300 were Opsewed in either spectrum.  3ssignment. An aliquot of the ESI sample was used to obtain the NMR and
Comparison of the EIl mass spectra in Figure 1 and from the product FTIR spectra of this compound.

of the reaction without aHF solvédtdemonstrates the substantial
improvement in compositional purity caused by the addition of aHF. 19F NMR
The ESI mass spectrum of HPLC-purifiedoEz4 in Figure 1 shows
parent negative ions assigned to three new compounds that
coeluted: GoF24 (1176mVzfor CeoF247), significantly less GoFosBr
(1276 m/z for CgoF2sBr-), and <5% GCsoF240 (1192 mvz for
Cs0F2407). Note that the El and ESI spectra in Figure 1 are the

first reported direct observations of a fullerene derivative with a D,
Cecage—Br bond by mass spectrometry. @ @

The °F NMR spectrum of HPLC-purified §&F.4, shown in R ———
Figure 2, consists of a single resonance)at144.8, indicating Dsy —144.75 ppm

that all 24 F atoms are equivaleitCarbon-13 NMR spectra (with
and without!®F decoupling; not shown) revealed two resonances SR X
at 0 145.9 (G=C) and 6 83.5 (C-F; Jcr = 212 Hz) in an L L L L L L I L L L L L
approximately 3:2 ratio. Only &,-symmetry isomer of GF.4 is -132 —140 -148 =156 ppm
consistent with these spectra, and only two such isomers areFigure 2. % NMR spectrum of the HPLC-purified sample ofdEz4. The
geometrically possible. These are shown as Schlegel diagtams Schlegel diagrams show four possible isomers g, « = fluorine-
and2 in Figure 2. Isomed has the noncontiguous addend pattern ?heea{;gg,\lc&rgosnngg_s' Only isomis consistent with this spectrum and
of Ty-CeoBra4 (determined by single-crystal X-ray diffractidH) ) ) )

and could conceivably arise by concerted Br/F exchangesat sp € unstable with respect to & distortion of the G core.
atoms. Isomeg is an alternative structure with a noncontiguous " urthermore-distorted2 was found to be 430 kJ midi less stable
series of 1,2 additions across 12 hexagpentagon edges. We ~ than geometry-optimized., which retained itsT, symmetry.

studied these two structures at the DFT level of théry? Upon Therefore, sincd is the only DFT-consistent, isomer of GoFz4,
geometry optimization, the initidl,, structure of2 was found to we cdopclt%qle that corresponds to the structure ofdEz4 synthe-
sized in this work.
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Figure 3. Experimental FTIR spectrum of;-CsoF24 and simulated IR
spectra of theély and S (—Th) isomersl and 2, respectively.
predictedv(CF) values are generally somewhat lower than experi-
mental values, but the relative positions and relative intensities of
thev(CF) peaks in the experimental spectrum were well reproduced
in the calculated spectruf1® By these criteria, there is a good
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correspondence of the topologies of the experimental and calculated

spectra forTy-CgoF24 in Figure 3. By comparison, the calculated
IR spectrum of5-CqoF24 (derived from2 by geometry optimization)
is a poor match for the topology of the experimental spectrum, as

shown in Figure 3. There is also a good correspondence between (11

the experimental and calculated Raman spectra’éf

Our DFT calculations predict that tHe, and D34 contiguous-
F-atom isomers of gF,4 shown in Figure 2 are more stable than
Th-CeoF24 by 340 and 280 kJ mol, respectively. There may be
other isomers that are more stable, but our intention in this initial
computational study was not to predict the most stable isomer but
to demonstrate thdt,-CgoF24 is not the most stable isomer o§¢E,4,
making it a rare example of an isolable kinetically stable fluoro-
fullerene as well as the first isolable noncontiguous fluorofullerene.
Although it may spontaneously isomerize to a more stable structure
over time at elevated temperature (experiments in progress), the
19F NMR spectrum ofT-CgoF24 dissolved in oxygenated toluene
remained unchanged after a period of more than two months at 25
°C (i.e., no rearrangement, oxidation, or oxygenation was observed).

In summary, we have shown tha@-CeoBr,4 reacts with Xek
dissolved in aHF to produck,-CeoF24 With ca. 80% compositional
purity. This kinetically stable (months) isomer represents the first
example of a new family of fluorofullerenes with noncontiguous
addition patterns. It remains to be seen if the reaction proceeds by
concerted Br/F exchanges a# €patoms or by a series of additien
elimination reactions. Regardless of the mechanism, it is clear that
some transformations of fullerene derivatives to fluorofullerenes
can be highly regioselective and lead to relatively pure samples of
novel fluorofullerenes and fluorofullerene derivatives (e.go e
Br), and such reactions deserve further study.
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In a typical aHF solution reactionBr.4 (70 mg, 0.027 mmol) was stirred

with an aHF solution of Xef(500 mg, 2.96 mmol in 3 mL of aHF) in a

FEP reactor at 25C for 5 d. [CAUTION: aHF is hazardous and should

only be handled by trained personnel.] The color changed from dark orange

to pale yellow almost immediately, and gas, presumably Xe, evolved
continuously over 5 d. Removal of aHF and other volatile compounds
under vacuum (2 h) afforded 30 mg of a pale-yellow powder that was
analyzed by El mass spectrometry. This reaction product was processed
by HPLC (10 mmx 250 mm Cosmosil Buckyprep column; 5 mL of
toluene/min). The fraction that eluted at 2.89 min was analyzed by ESI
mass spectrometry and by NMR and ATR-FTIR spectroscopy.

See Supporting Information for details of the reaction efBG4 with

XeF, in the absence of HF and IR calculations and for the Raman spectra.

The EIl and ESI mass spectra were recorded with a Fisons VG Quattro

single quadrupole mass spectrometer and a Finnigan LCQ Duo mass

spectrometer, respectively. Fluorine-19 &#d NMR spectra (toluenels

and 20:80 v:v benzengs: 1,2-dichlorobenzene solutions, respectively) were

recorded with a Bruker IVONA-400 spectrometer. The FTIR spectrum

was recorded with an ASI ReactIR-1000 ATR-FTIR spectrometer.
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DFT calculations of molecular structures and IR spectra were performed

with the PRIRODA packagéusing the GGA functional of Perdew, Burke,

and Ernzerhof (PBEJ and the TZ2K 6,1,1,1,1,1/4,1,1/1}1basis set. To
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the code employed an expansion of the electron density in an auxiliary
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