
7300 /. Am. Chem. Soc. 1992, 114, 7300-7301 

Synthesis of m-Phenylene- and 
p-Phenylenebis(phenylfulleroids): Two-Pearl Sections 
of Pearl Necklace Polymersf 

T. Suzuki, Q. Li, K. C. Khemani, and F. Wudl* 
Institute for Polymers and Organic Solids and 

Departments of Physics and Chemistry 
University of California 

Santa Barbara, California 93106 

O. Almarsson 
Department of Chemistry 

University of California 
Santa Barbara, California 93106 

Received March 9, 1992 
Revised Manuscript Received July 7, 1992 

Buckminsterfullerene, C60,
1 exhibits unusual electrophilicity 

of six special (pyracyclenoid) double bonds2 which render it re
active toward reducing agents,3 nucleophiles,4 dienes,4 dipoles,4 

and a number of zero-valent transition metals.5 While such 
electrophilicity gives the synthetic chemist a "handle" on possible 
approaches to fullerene functionalization, the nucleophilicity of 
C60 is also being pursued by several groups.6 To date, the most 
effective systematic functionalization of C60 is the production of 
fulleroids: expanded fullerenes which retain the fullerene electronic 
structure.7 Thus fulleroids Ph2C61-Ph12C66 (see representation 

Fulleroid Ph2C61 
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Figure 1. Comparative cyclic voltammetry of C60, bis(fulleroid) 1, and 
bis(fulleroid) 2 in THF with 0.1 M TBABF4 as supporting electrolyte; 
Pt working and counter electrodes; Ag/AgCl reference electrode; scan 
rate, 1000 mV/s. 

Scheme I 

3, para; 4, meta 

of Ph2C61) have been prepared and characterized.7 Fulleroid 
formation opens the possibility for the synthesis of, inter alia, two 
types of polymers:8 "pearl necklace" and "charm bracelet".9 The 
former is a hypothetical polymer in which the C60 is part of the 
backbone, and the latter is a polymer in which C60 is attached 
to a side chain of a traditional polymer. 

In this communication we demonstrate that the synthetic 
method for the generation of the diphenylfulleroids can be ex
tended to produce the para (1) and meta (2) phenylenebis(phe-
nylfulleroido) isomers. In the representations of 1 and 2, the 

"wedge" bond between the sphere and the atom attached to the 
phenylene moiety implies a "methano bridge" as in 1,6-
methano[10]annulene. The compounds were prepared according 
to Scheme I. 

When compound 3 or 41011 was allowed to react with C60, 
product 1 or 2 was isolated in 39% or 51% yield, respectively.12 
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Compounds 1 and 2 are dark brown-black solids which give a 
reddish-brown solution in carbon disulfide. Chromatographic 
separation afforded amorphous powders12 which were only 
sparingly soluble in most nonpolar organic solvents and partially 
soluble in carbon disulfide. The 1H NMR spectra of these dimers 
are very broad, indicating that they may consist of a number of 
isomers.13 Upon heating in refluxing toluene, the single ther
modynamic products of 1 and 2 (whose 1H NMR spectra show 
sharp peaks) were obtained.13 Interestingly, the hydrogens in the 
p-phenylene [8.19 ppm (s, 4 H, H2356)] and w-phenylene [8.80 
ppm (H2), 8.08 ppm (H46), and 7.58 ppm (H5)] are deshielded 
more than those in the phenyls [for 1, 8.13 (H2-6<), 7.49 (H3^), 
and 7.39 (H4-); for 2, 8.07 ( H w ) , 7.44 (Hy15-), and 7.34 (H4')], 
apparently because they are influenced by the magnetic effects 
of two spherical molecules. Bis(fulleroids) 1 and 2 exhibit UV-vis 
spectra and cyclic voltammograms (CV) (Figure 1) which are 
indistinguishable from those of diphenylfulleroid (Ph2C61). Within 
experimental error, the peaks in the voltammograms of 1 and 2 
are due to a two-electron process.14 In the CV of 1, there is 
another broad wave following each peak. Osteryoung square wave 
voltammetry15 showed that each wave of 1 consists of two faradaic 
processes. The weaker wave associated with each "main" wave 
is due to an oligomer.16 The more soluble dimer 2 could be 
purified more easily and hence shows essentially no "weak" waves. 
Addition of one electron to one ball has, as expected, no effect 
on the redox properties of its neighbor.17 

In summary, we have shown that fullerene inflation reactions 
can yield molecules which are the basic unit of "pearl necklace" 
polymers,9 in which the fulleroid becomes part of the polymer 
backbone. It is clear from the lack of solubility described above 
that, not unexpectedly, "naked" pearl necklace polymers will be 
insoluble and intractable and that one will need to approach their 
preparation by either a precursor polymer route or the incorpo
ration of solubilizing groups. The syntheses of pearl necklace and 
charm bracelet polymers are being actively pursued and will be 
the subject of further publications.16 
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Buckminsterfullerene (C60)
1 is conveniently prepared and iso

lated.2 Its chemical properties are being investigated with in
creasing interest.3 The fulleroids are inflated fullerenes where 
up to six carbon atoms, each bearing two substituents, are added 
systematically to C60.

4'5 In this communication we report the 
preparation of the simplest, "parent" fulleroid (2) formed by the 
reaction of fullerene C60 with diazomethane.6 

Diazomethane reacts with C60 to give a thermally unstable 
compound, (CH2N2)C60 (1), in 44% yield. This compound has 
a singlet 1H NMR peak at 6.51 ppm and 30 fulleroid 13C reso
nances,7 supporting the depicted C1 symmetry. The IR (KBr mull) 
spectrum shows the expected N=N stretching vibration at 1560 
cm"1, which disappears when the KBr pellet is heated at 100 0C. 
The FAB mass spectrometry of the adduct shows peaks at 736-734 
(H2C61) and 722-720 (C60). The thermal decomposition was 
confirmed by TGA; weight loss, which corresponds to the con
version from (CH2N2)C60 to H2C61 [Scheme I, calcd for 
H2C61Z(CH2N2)C60 96.33, found 97.31], starts at 90 0C and is 
complete at 150 0C. Further heating up to 760 0C afforded C60 
as well as an insoluble residue [calcd for C60Z(CH2N2)C60 94.49, 
found 93.17]. 

When a toluene solution of (CH2N2)C60 was heated to reflux, 
the color of the solution changed from brown to purple. Removal 
of the solvent afforded H2C61 quantitatively as a dark powder 
exhibiting solubility similar to that of C60 but a different TLC 
Rf. 

The UV-vis absorption of H2C61 is virtually identical to that 
of C60.

7 The cyclic voltammogram of H2C61 (El, -346; E2, -925; 
E3, -1497; E4, -1980 mV vs AgZAgCl, THF) is the same as 
observed with Ph2C61.

4 The IR spectrum of H2C61 shows peaks 
at 1427, 1229, 1172, 642, 623, 580, 570, 557, 539, 526, and 494 
cm"1, suggesting a dissymmetric, more complicated structure with 
some bands which correspond to those in the C60 spectrum (1429, 
1183,577, 528 cm-1). 
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