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By isoelectronic analogy todg heterofullerenes such agfd™, 16000 -
CsoB~, Cs¢Si, and GgP™ should be stable entities. Differences in
size and electronegativity between C and its neighboring nonmetallic 12000 4

elements are unlikely to be large enough to disrupt covalent bonding

in the icosahedral cage. Indeed, ions having these elemental € 8000 +

compositions have been relatively easy to detect via mass spec- 4000

trometry on fullerene soots prepared in the presence of heteroatom |

sources:“ Nevertheless, only one analogue @f 8as been carried o

to the level of practical synthesis and compositional purity, the 400 500 800 700 800 (nm)

N-heterofullerene €N. With one more electron thang; its stable
form is a G-C bonded dimer, (§&N)..58 The C-H bonded Figure 1. Visible spectra of €N* (blue, 1.38x 10°% M) and (GdN)2
monomer, HGN, has also been characteriZetVe now report (red, 6.90x 10~* M) in o-dichlorobenzene.
that the monomeric &N cation, which is isoelectronic withdg . . . .
can be isolated as a carborane anion salt. The synthesis involves aSt"mng solutions of the &N salt over Hg-amalga_ma}ted_ zinc
rare example of oxidation of an &ps? C—C bond to produce a pellets slowly returned the spectrum to that o§{Q),, indicating
carbenium ion reversibility of the redox chemistry.
! . . The infrared spectrum of thes@™ ion can be distinguished

Fulle_renes are typlcally easy to redl_Jce_but hard t_o oxifiaed from that of (GgN), and HGN in the 1600-1150 and 608500
(CsoN)2 is no exception. A threshold oxidation potential of ¢.9 m-1 regions. Bands at 1586, 1580, 1575: 1468, 1455, 143483
V (vs Fc/Fc) has been reported in its irreversible anodic cyclic € €gions. bands a ! ' ! ! '

. in 115
voltammetry? In addition, (GoN), has an sp-sg# C—C bond and sh, 1178, 1165; 579, 537, 532, 527, 525, 519 tm 1'° contrast

such bonds typically present high barriers to oxidation. Chemistry \ﬂt? 4t.hé)7sg ?,tnl;s-?;é'gl?;gg; é;go ;.‘;']436: 1'323’ n1;r1165;741113%62186’
has few “electror-hole” oxidants that operate above e&0.7 VA1 : ' ‘ ' ‘ chnin (CsoN)2 & : '

because most strong oxidants (e.gz SbR, XeF,) come partnered ~ -+0L: 1443, 1422, 1414; 1197, 1186, 1174; 579, 574, 568, 529,

L 1o ) : .
with nucleophiles (e.g., halides) that immediately react with oxidized 523 cm " in HCsoN.™ Other fingerprint bands for thesgN moiety

" .
species. However, when partnered with exceptionally inert carbo- ?heearrsgoon;?cea;zeanr;z;kzde?:%rgiqg:/ilozqstshiriaéz?:g;;r?niﬁg' n
rane anion¥13such as CBHsClg~, stable radical cations can be P !

- - prominent A(2) global breathing mode appears at 1467t
tﬁ:&?.iﬁ;ﬁ;tg:ti:)ar??e tel.34 V, sufficient to oxidize € to This is higher in energy than that of 4§8l), (1462 cm?),16

The radical cation of crude hexabromo(phenyl)carbazole (HB- go:zliitenthwgh a tlggte_lrj%ng f?f cagne b?n?&rﬁ from t:i Tsti
PC*)14150xidizes (GoN)2° to CsoN in dry o-dichlorobenzene (eq 0 g change at &.. 1he lrequency 1ot IS essentially the

. 1 : +
1). The counterion is the silver(l) bis-carborane complex ion same as that in & (1466 cmr). More bands appear insgN
because of lower symmetry.

Consistent with a positive ion already being present, MALDI

(CsoN), + 2[HBPC][AG(CB 1;HcClg),] — mass spectroscopy &fin positive ion mode gave a dominant peak
2[CsNJ[Ag(CB;HCly),] + 2HBPC (1) atm/z = 722 for the GgN* cation using low laser powet8 Under

comparable conditions, §gN), gave no signal. The isotope pattern

[Ag(CB11H:Cle)s] . [CsNJ[AG(CB11HeCle)s], 1, was isolated as a confirms the formulation as@\lﬁﬂ_ln ne_g_ative ion mode, a brogd,
brown precipitate in good yield>(75%) by addition of hexane or strong peak_ce_nter'ed afz = 350 !dentlfle_s the carborane anion
crystallized as dark green crystals by diffusion of hexane v&por. CB11HeCls ™, indicating expecFed dissociation of the weakly bound
Anal. Calcd for GiH1NB2.CliAg: C, 47.89: H, 0.79; N, 0.92.  A9(CB11HeCle),~ complex anion. _
Found: C, 47.49; H, 0.92; N, 1.10. The solid is reasonably air stable. ~AS expected fron€s symmetry, the*C NMR spectrum ofL in

The dark green color of N), in o-dichlorobenzene lightens tetrachloroe_thandz shows 31 peaks that can be ascribed to the
slightly upon oxidation. The visible spectrum ofdSI* is quite CsoN* ion (Figure 2). A near accidental degeneracy occurs at 142.7/

featureless (blue line in Figure 1) compared to that ofoXGs. 1_42.8 ppm. _Becaqse solubility is highe_r, a spectrum with a better
signal-to-noise ratio could be obtaineddrdichlorobenzenel, but

! University of California, Riverside. slight solvent shifts in the resonances exacerbate the problem of
§.Lrjﬁ"e"%’rfi'\t/iEirt';’z)%e/;‘d’gﬁg?gg' accidental degeneraci&sPeak positions distinguishsgN* from
U University of Sydney. (CsoN), and HGeN. Consistent with the overall positive charge on
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Figure 2. Experimental*C NMR spectrum of N in 1 in TCE-d, (above) and calculated spectrum (stick diagram below).

tion that the closest anion/cation contact identifies the carbocationic
C atom (C4F in Figure 4).

In conclusion, an azafullerene analogue @f i accessible via
chemical oxidation of dimeric (§N), with a strong electronrhole
oxidant. As with reactive carbocations such as the benzenium ion
(CeH;")18 and the radical cationdgt,14 the stabilization of GN*
as an isolable salt profited from use of an inert carborane as
counterion. The properties o™ reflect the isoelectronic analogy
to Cso and some delocalization of charge.
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