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Abslmct: The question @an atdon wi~ldn an atdon structure fir coranntdcne tetraanion ls examined by ab lnitio 

and send-enqn~rical caktdatlons, as well as by the b&vlor of conwuden4 anionic intermediates in anhpirotu ammonia. 
Calculations & not lend much support to a central cyclopmtadimyl anion in the tetmwdon. and a tetmanion ls either not 

formed or does not resist protonadon in liquid anmonia 

The discovery that buckminsterfullerene, C& is a stable molecule due to geodesic and electronic 

properties inherent in the truncated icosahedral cage structutel has generated renewed interest in curved-shaped 
hydrocarbons that resemble a portion of the buckminsterfullerene surface. For example, the carbon framework 

rlm quat atoms 

hub quat atoms 

1 
of corammlene (1) represents the polar cap of buckminsterfullerene. Although the synthesis of 1 was first 
achieved by Barth and Lawton in 1966.2 this interesting, bowl-shaped molecule remained relatively 
unaccessible, due to the difficulty of the original method, until the recent work of Scott and coworkers.3~4 

Commmlene is easily reduced electrochemically and by alkali metals? Electron addition initially produces 
a radical anion (green solution in TEiF) that subsequently undergoes further reduction to a red sptcies originally 
identified only as a decay product of the dianion. 5 Mom recently, it was concluded from NI@ that the final 

reduction product of 1 by lithimn in THF is the tetraanion. These authors made the interesting suggestion that 
this tetraanion may be an “anion within an anion.” That is, the tetraanion may be viewed as a cyclopentadienyl 
anion inner core, with the remaining 3 electrons at the periphery of the molecule producing an 18-n (i.e., 4n+2 

electrons) trianion. Herein we explore the viability of this fascinating structure by both theory and experiment. 
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Molecular otbital calculations carried out at both semiempirical AM17 and ab initiott levels suggest that 
the tetmanion stntctum may be more complicated than the highly symmetrical “anion in a trianion” model. First, 

theoptimi&suuctmes calculated at AMI and ab initio 3-2169 levels am nonplanar. The distance between the 
planes defined by the hub atoms and the rim atoms is predicted by 3-21G calculations to be 0.37A for the 
isolated tetraanion, albeit somewhat flatter than predicted for neutral l(O.88A in excellent agreement with the 
experimental value of 0.89A). Moreover, the Csv constrained geometry is not the energy minimum at the 

Hartme-Fock level of approximation since it exhibits imaginary frequencies (3-21G; hvefold degenerate 
vibration, 793i). The true minimum has i!, symmetry with a toutI energy lower than the C5v tetraanion by 1.7 

(3-21//3-21G) or 3.0 kcal/mol(6-310*//S21G). On the other hand, inclusion of electton correlation at the 
MP2/3-21G level10 strongly favors the latter structure by 16.7 kcal/mol. However, the charge distribution is 
essentially the same for both geometries, and we will use the C5v structme for comparisons below. 

excess electton densities i?om the ab initio calculations together with values calculated fium NMR data6 
using the value of 174.87 ppm/el * am presented in Table 1. The theoretical results, which are for the isolated 
tetmanion, show the rim atoms to bear 3.43Oe excess (-0.3430 each), as compared to 0.468 electrons shamd by 
the five hub quat atoms (-0.9936 each), and 0.032 electrons spread over the rim quat atoms (-0.CMI64 each). 

Table l. Fmess Electron Densities in Corammlene Tetraanion. 

Positions Ab Initio C!alculationsa 13~ mm” 

lima-I 3.430 2.28 
rim quat 0.032 1.0 
hub 0.468 0.64 

a Difference between Csy neutral 1 and CSV isolated tetraanion; Mull&en population analysis with the 3-21G 
basis set.12 b. Tetmlithio derivative calculated from data contained in reference 6. 

The anion in a trianion structure would, of course, mquim 3.Oe excess in the rim (rim + rim quat) and l.Oe 
excess in the cyclopentadienyl moiety. Hence, at least in the gas phase, the inner ring is not expected to gain 
sufficient negative charge in the tetmanion formation so as to resemble a cyc~ntadienyl anion. 

A similar distribution of negative charge was obtained at the semiempixical level. AM1 pmdicts the 
central ring to gain ca. 0.5 electrons while the ten C(H) groups gain ca. 3.5 electrons and the charge of the 
quaternary rim carbons remains almost unchanged. This close agreement between semiempirical and ab initio 
results suggests that the charge distribution is not an artifact of the method used. Calculation of electron 
densities fmm t3C chemical shifts indicates a slight shift of negative charge toward the central position; however 
the excess charge (0.64e) is still significantly less than that expected for a cyclopentadienyl center. Given that 
the NMR electton densities come from a solvated species with four counterions. while the theoretical results am 
for a gas phase anion, the charge distribution differences between the rim and hub atoms am rather similar. 

One characteristic of especially stable polyanions is their stability (lack of reactivity) in liquid ammonia 
For example, cyclooctatetraene, aceheptylene and perylene react with alkali metals in ammonia to produce 
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dianions that resist ptotonation and can be dialkylated.t4 Less stable anions are too basic to exist in this 

relatively acidic medium; for example, dianlcms of anthracene, azulene, naphthalene, phenanthrene, and 

Na/NH3 Na/NH3 
t 

Me1 
+ 

NH4Cl 

3 2 1 4 5 

pyrene.14 Since 1-tetraanion has a carbon to charge ratio that is comparable to (or exceeds) these stable 
polyanionic species, its behavior in ammonia might lend insight into any special structural characteristics. The 
addition of e7tcess sodium to 1 in anhydrous ammonia 1s followed by inverse quenching into NH&l solution 

produced=ahY drocorannulene 4th (mp 185-187 Oc; 63% by GC), and hexahy drocorannulene St* (mp 123- 
125 Oc, 37%). With THF as cosolvent. 5 becomes the major product (90%). Quenching of the ammoniaDIP 
solution into MeIA’HF produced the monomethyl duivatives 2 16~ and 3,tk with 3 predomiiting (80%). The 
fact that four or six hydrogens can be easily incorpom@ while only one methyl can be introduced, argues 
against the presence of a stable tetraanion. In fact, it cannot be determined whether or not a tenaanion is famed 
at all under these conditions. The monoalkylation results suggest that monoanions 6 and 7 am present at the 

4- 

@ I 

6 7 
time of the quench. While 6 could result from &e-fold ptotonatlon of a tenaanion, it could also be pmduced by 
complete pmtonadon of an initial dianion by ammonia, followed by moeon of a second dianion. This 
latter~u~alsoexplains7iftheprotonatonaftheseconddianionEaLespleceattwodifftrentpositions. Thatis, 
protonation at the 9-position leads to stable monoani on 6, while protonation at the 5- or aposition affonls a 

I 6 

monobenzylic monoanion that protonates quickly leading to a neutral tetrahydro comnnulene that rapidly adds 
two mom electrons. Monoprotonatkm of this new dianion produces 7. 

In conclusion. the calculated results do not lend much support for an anion within an anion structum for 
the corannulene tetraanion. and this species is either not readily formed in ammonia or does not resist 
promnation. 
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1 
92%). Its NMR, similar to 5, is as follows. lH NMR (CDC13) d 1.63 (s,3H), 2.262.36 (m.lH), 260- 
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