
Systematic Inflation of Buckminsterfullerene C,,: 
Synthesis of Diphenyl Fulleroids C,, to C,, 

The synthesis of a new family of spheroidal carbon molecules derived from the 
fullerenes is described. The fdleroids are produced by incremental addition of a 
divalent carbon equivalent that has two phenyl (Ph) rings to  fdlerene C,,. The 
fulleroids Ph2C6,, Ph,C6,, Ph6C6,, Ph,C,, Phl,C6,, and Ph12C6, have been 
prepared and characterized. 

T HE FULLERENES, PARTICULARLY C6,, 
have been well characterized (1-3), 
but few reports about their chemical 

reactivity appeared ( 4 4 ) .  It has been pro- 
posed that the relatively high electronegativ- 
ity of this carbon cluster was due to its 
pyracylene character (2). Further, the inter- 
five-membered ring bonds are fulvenoid and 
are potent elearophilic as well as dienophilic 
and dipolarophilic sites (5, 7). 

Although nucleophilic addition reactions 
to C,, produce a myriad of products (7), the 
electronic character of the products is altered 
drastically relative to C,, to the point that 
only minor "conjugation" ( 8 )  remains (color 
bleaching to yellow) (7). However, the basic 
fullerene skeleton could be modified, while 
retaining the same number of "T" ( 8 )  orbit- 
als and attendant unusual electronic charac- 
ter, by a strategy that takes advantage of: (i) 
the norcaradiene-cycloheptatriene rear- 
rangement; (ii) the aromatic character of the 
methano[lO]annulenes (9); and (iii) the di- 
polarophilicity of C,, (Scheme 1): 

A survey of C,, reactivity with the dipoles 
ethyl diazoacetate (10) and phenyl diazo- 
methane (10) indicated that they add 

Scheme I 

smoothly and, under some conditions, lose 
N,. The incomplete pyrolytic nitrogen loss 
could be attributed to hydrogen migration 
with concomitant imine formation, as deter- 
mined by infrared spectroscopy. Also, be- 
cause the carbon atom bearing the diazo 
hnction is asymmetrically substituted, phe- 
nyldiazomethane addition gave a large num- 
ber of isomers upon multiple reaction. In 
order to prevent hydrogen migration and to 
reduce the potential number of isomers, we 
decided to study the reaction of C,, with 
diphenyldiazomethane. We found that this 
strategy worked and report a method for 
fullerene inflation (spherical expansion) to 
produce "fulleroids" (1 I), expanded fuller- 
enes whose basic electronic properties [ul- 
traviolet-visible (UV-vis) spectroscopy and 
cyclic voltammetry] are retained. 

Reaction of C,, with more than one 
equivalent of diphenyldiazomethane in tol- 
uene at room temperature for -1 hour 
produced a monoadduct diphenyl fulleroid 
C,, (12). Apparently because compound 1 
is similar in molecular shape to 
C,,Pt(PPh,), (4), just as its organometallic 
analog, it is less soluble in benzene than C,, 
and thus could be obtained in -40% yield. 
It was isolated and purified by chromatog- 
raphy on silica gel. Based on its spectroscop- 
ic and physico-chemical properties [see (13) 
and Table 11 we propose structure 1 depict- 
ed below and in Fig. 1. 

The salient features that support the pro- 
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voltammetry of 1 and C,, (see Fig. 2 and 
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ture l a  as determined by x-ray crystallog- 
raphy. The ring-closed nature of the deriv- 
ative is reflected in a major change of its 
UV-vis spectrum relative to C,, as well as 
a shift of the first reduction wave by 340 
mV negative relative to  C,, (14). Although 
it is difficult to obtain a 13C nuclear magnet 
resonance (NMR) spectrum of Ph,C,,, 
due to insolubility, the 13C NMR results 
on Ph,,C,, show only three (broad) reso- 
nances in the fullerene region, which is in 
agreement with octahedral regiochemistry 
previously observed in the [(Et,P),Pt],C,, 
analon whose octahedral structure was de- " 
termined by x-ray crystallography ( 5 ) .  The 
11,ll-diphenyl methano[lO]annulene 
could be a reasonable model for 13C chem- 
ical shift assignments; however, the com- 
pound does not exist. The closest analog is 
the 11-phenyl methano[lO]annulene, 
whose relevant chemical shifts are shown 
below (15): 

Cdo= 127.15 b= 6.80 
C,,, = 126.38 he, = 6.97 
& = 125.62 = 6.97 

Since the unsubstituted C,, has a chemical 
shift of 35 ppm and the monophenyl deriv- 
ative's chemical shift is -46 ppm, one addi- 
tional phenyl on the 11-carbon would be 

V 
C60 * 
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Fig. 1. Comparative ultraviolet-visible spectra of 
C,, and Ph,C,, (labeled "C,,"). The inset is the 
700- to 350-nrn region at 20 times the gain. The 
absorbance of two spectra has not been normal- 
ized. 
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Table 1. Cyclic volmmmeay of the diphenyl fullemids Ph2C61 to Ph12Ce Experimental 
conditions: Pt working and counterelectrode; Ag/AgCl/3M NaCI, reference electrode; Ferrocene 
internal reference (+620 mV); 0.1 M TBABF, (tetrabutylammonium fluoroborate) in THF 
(tetrahydrofuran) in a dry box. 

Scan Peak position (mV) 
rate 

(mV/s) c60 c61 c62 (A c~ c65 c~ 

Fig. 2. Comparative cyclic voltammograms of C, 
(bottom) and Ph2C6, (top) versus wAg+ as a 
reference in tetrahydrofuran with tembutylam- 
monium fluoroborate as a supporting electrolyte; 
a Pt disk and a Pt wire were used as working and 
counterelectrode, respectively. 

expected to further deshield it to a chemical 
shift of -60 ppm. We have not observed 
any resonances in this region of the 13C 
NMR spectrum of Ph,,C,; possibly be- 
cause of: (i) the expected weakness of the 
quaternary carbon intensity; (ii) a combina- 
tion of weak signal and signal broadening 
observed in most organic fullerene deriva- 
tives; or (iii) the strong deshielding effect of 
the fderoid electronic structure shifts the 
resonance to coincide with the aromatic 
carbon region. An interesting result in the 
comparison of the fulleroid with meth- 
ano[lO]annulene is the chemical shift of 
the ortho phenyl hydrogens; in the former 
they appear at 8.4 ppm (deshielded relative 
to the meta and para hydrogens), whereas in 
the later they appear at 6.8 ppm (slightly 
shielded relative to the meta and para hydro- 
gens). 

Whereas the NMR spectra of PhCd2 are 
complicated due to restricted rotation 
around the G P h  bonds (see Fig. l) ,  recent 
results on the similar adduct with 9-diazo- 

fluorene (9-FI), (9-F1),C6,, in which G P h  
rotation cannot occur, show that only two 
isomers, "octant" and "polar," were pro- 
duced (1 d). 

Additional corroborating support for the 
"openy' structure type 1 was obtained from 
results of molecular modeling calculations. 
The release of strain on going from C, to 1 
and from l a  to 1 was confirmed by a 
molecular modehg calculation with 
CHARMm (1 7). Although the total energy 
per molecule is not an accurate number, the 
relative energies may be more reliable; thus, 
C60 = 1198, H2C6, = 1127, Ph2C6, = 
1165, Phcd2  = 1145, Ph,C, = 1104, and 
Ph,,C, = 1059 kcal/mol, respectively. The 
"norcaradienoid" form (la), that is, with an 
unopened cyclopropane, has a . ' ' ed 
energy of 1196 kcal/mol, 31 kcal/mol great- 
er in energy than the proposed structure 1. 
The space-filling model structure in Fig. 3 
was generated with the Quanta program, 
above. Although the above offer strong sup- 
port for the proposed structure, the defini- 
tive structure proof requires x-ray crystallo- 
graphic evidence. 

More extended reaction times with differ- 
ent stoichiometries afforded the diphenyl 
fulleroids c6,, c6,, C,, C,,, and C* The 
latter took 8 to 10 days to be formed from a 
large excess over six equivalents of diphenyl 
diazomethane. As can be seen in Table 1, 
with increasing idation, the fulleroids be- 
come more electropositive, which may be a 
result of a combination of: (i) strain relief; 
(ii) more d i k e  overlap due to greater p 

Fig. 3. Computer-generated model of Ph2C61. 
Note the minor perturbation on the structure of 
C, caused by the methylene carbon of the diphe- 
nylmethylene group. 

character of the 60 p, orbitals; or (iii) with 
increasing idation, closure to the norcara- 
dienoid form may occur. We also note that: 
(i) the only correct elemental analysis is that 
of Ph12CM (13) and (ii) the NMR reso- 
nance lines are broad (for which we have no 
simple explanation). After investigating the 
chemistry of C, for some time (7), we 
learned that most elemental analyses of C, 
derivatives give consistently low carbon val- 
ues. Perhaps as the hydrogen content of the 
molecule increases, combustion is more 
complete, which would be the case with 
Ph12C* 

Although one may read that C, will have 
as profound an influence in organic chemis- 
try as benzene had, for example, in the dye 
industry, this view is unlikely to be realized 
because benzene undergoes electrophilic 
substitution of its hydrogen atoms but C, 
has no easily replaceable hydrogen atoms. 
However, with the discovery presented 
above, one could prepare essentially any 
functionalized fulleroid. The implication of 
this discovery is that specifically functional- 
ized, spherically unsaturated molecules can 
be produced. 
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Evidence for Multiple Sources of Diamond from 
Primitive Chondrites 

Fine-grained diamonds, the most abundant form of circumstellar dust isolated from 
primitive meteorites, have elemental and isotopic characteristics that are dependent on  
the host meteorite type. Carbon isotopic compositions vary from -32 to  -38 per mil, 
and nitrogen associated with the diamond changes in overall abundance by over a 
factor of four from 0.2 t o  0.9 weight percent, between ordinary and CM2-type 
chondrites. Although the ratio of carbon to  nitrogen evolves in a distinctive way during 
combustion of diamond separates, metamorphic degassing of nitrogen is not the main 
cause of the differences in nitrogen content. The data suggest that intrinsic differences 
must have been inherited by the diamonds at the time of their formation and that the 
diamonds were distributed heterogeneously in the solar nebula during condensation. 
However, the hypothesis that a distinct nitrogen carrier remains hidden within the 
diamond cannot be ruled out. 

N ANOMETER-SIZED DIAMONDS WERE 

first identitied in acid-resistant resi- 
dues from carbonaceous and enstatite 

chondrites by Lewis et at. in 1987 (1), and have 
since been isolated from all groups of primitive 
chondrites in amounts up to 940 ppm (2, 3 ) .  
Although the diamond has a typical solar sys- 
tem-like carbon isotopic composition (4, 5) ,  it 
has been recognized as a circumstellar grain 
from the an&alous isotopic signatures of the 
associated elements N (6) and Xe (7). Nitrogen 
is a more satisfactory tracer than Xe because it is 
normallv substituted in the tetrahedral lattice of 
diamond and therefore must be cogenetic, 
whereas Xe is simply trapped. The amounts of 
Xe encountered are so small that only one 
diamond crystal in 3 x lo6 actually contains a 
13,Xe atom, whereas N is sufficiently abundant 
for each diamond to contain several atoms. To 
investigate the information that N can provide 
about the source and history of these putative 
circumstellar grains, we conducted a systematic 
study of diamonds from five separate classes of 
chondritic meteorites. 

Diamonds were concentrated from each 
meteorite by acid treatments that destroy 
virtually all bther forms of c in the meteor- 
ites, as described in ( 8 ) .  To avoid contami- 
nation from N in reagents used for the 
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colloidal separation of diamond from spinels 
and silicon carbide, the ammonia suspension 
technique (1, 3 )  was not used. The extrac- 
tion procedures that we adopted consisted 
of stepped combustion at very high resolu- 
tion (temperature increments of 10°C); this 
procedure yielded release profiles showing 
that the N and C thought to be associated 
with diamond had been adequately resolved 
from other species (9) .  Most of the carbon 
isotopic values reported were obtained from 
diamond-rich samples in excess of 150 kg in 
mass and so could be measured with the use 
of a conventional dynamic mass spectrome- 
ter to a precision (?standard error) better 
than 20.1  per mil (10). Nitrogen isotopic 
determinations on approximately 100-pg 
samples were made to a precision better than 
+- 1 per mil with an instrument and method 
described in ( I f ) ,  so that nitrogen in the 
singly substituted state in diamond was con- 
verted to N, gas rather than condensable 
N-bearing species (12). Although the N 
abundance was measured absolutely, below 
we discuss primarily C/N ratios determined 
simultaneously on a single aliquot, because 
such an approach eliminates: (i) heterogen- 
ity problems involved in acquiring data for 
C from one aliquot and N from another; (ii) 
weighing errors on small specimens; and 
(iii) the difficulty of matching temperature 
scales. 

The data (Fig. 1) show that the S13C 
values of diamond-rich fractions isolated 
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