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Crystal Structure of Osmylated C,,: Confirmation of 
the Soccer Ball Framework 

An x-ray crystal structure that confirms the soccer ball-shaped carbon framework of 
C,, (buckminsterfullerene) is reported. An osmyl unit was added to C,, in order to 
break its pseudospherical symmetry and give an ordered crystal. The crystal structure 
of this derivative, C6,(Os0,)(4-teut-butylpyridine),, reveals atomic positions within 
the carbon cluster. 

I N 1985, KROTO, SMALLEY, AND CO- 
workers discovered that 60 carbon at- 
oms form a particularly stable cluster in 

the gas phase. They proposed a simple and 
beautifid truncated icosahedral structure for 
C,, with a novel carbon framework resem- 
bling the seams of a soccer ball, and chris- 
tened the molecule buckminsterfullerene 
(1). Late last year, Kratschrner, Huffman, 
and co-workers (2) reported that C,, could 
be prepared and isolated in macroscopic 
quantities (3-5). Since then, chemists and 
physicists have sought to confirm or dis- 
prove the soccer ball structure for c,,. The 
infrared (2, 6) ,  Raman ( 7 ) ,  13C NMR 
(3, 8, 9), and photoelectron spectra (10) are 
each consistent with icosahedral symmetry 
and are collectively highly supportive of the 
originally proposed structure, but they do 
not strictly prove the soccer ball framework 
or provide atomic positions. For example, 
the 13C NMR spectrum (8) does not rule 
out the possibility of coincident peaks or a 
fluxional structure. We (11) and others (2, 
12) have attempted to obtain a crystal struc- 
ture of C,,, but could not determine specific 
atomic positions due to extensive disorder in 
the crystals. While the ball-like molecules 
pack in an ordered fashion, their nearly 
spherical symmetry promotes orientational 
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disorder (9). We reasoned that if C,, could 
be derivatized in a way that broke its appar- 
ent spherical symmetry, it might crystallize 
with orientational order. We report here the 
synthesis of a one-to-one C,,asmium 
tetroxide adduct and its crystal structure 
displaying the soccer ball framework of C,,. 

Our recent report of the osmylation of 
C,, established that heteroatoms can be 
added to buckminsterfullerene without dis- 
rupting its carbon framework (13). Our 
conditions favored the addition of two os- 
my1 units to C,,, giving the two-to-one 
adduct in 81% yield as a mixture of regioi- 
somers (Scheme I). Chromatographic anal- 

1 Excess Os04, py 

n -0 I I) Excess Os04 ( yo\!/' 
2) Excess py 

(75%) 

Scheme I 

ysis of the crude reaction mixture revealed 
six peaks: five peaks corresponding to the 
precipitate which collectively analyzes with 
two-to-one stoichiometry, and a single 

sharp peak corresponding to toluene-soluble 
material. Use of one equivalent of OsO, 
increased the yield of the toluene-soluble 
material to 70%. Osmylation in the absence 
of pyridine, followed by dimer disruption 
with pyridine (14), gave the same species in 
75% yield. The toluene-soluble material was 
shown to have one-to-one stoichiometry by 
converting it to the mixture of two-to-one 
adducts upon further exposure to the osmy- 
lation conditions. Solubility and crystal 
quality were improved by exchanging the 
pyridine ligands for 4-tert-butylpyridine. 

The observation of a single sharp chro- 
matographic peak for the one-to-one adduct 
suggested that it is a single regioisomer, 
rather than a mixture of the two regioiso- 
mers which are possible from the proposed 
soccer ball structure for C,,. This would be 

Fig. 1. ORTEP drawing (50% ellipsoids) of the 
one-to-one C,,-osmium tetroxide adduct 
C,,(O~O,)(4-tert-butylpyridine)~ showing the re- 
lationship of the osmyl unit with the carbon 
cluster. 
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Fig. 2. ORTEP drawing (50% ellipsoids) of the 
one-to-one C,,-osmium tetroxide adduct 
C,,(OsO,) (4-tert-butylpyridine), showing the 
geometry of the C,,O, unit and the numbering 
scheme. 

true if the bisoxygenation was strongly fa- 
vored across one of the two unique bonds in 
C,,, the junction of two six-membered rings 
or the iunction of a six- and a five-membered 
ring. Regioselective osmylation would fix 
the position of the C,, carbon framework 
relauve to the osmyl unit, with the osmyl 
unit breaking the pseudospherical symmetry 
of C,, as required for an ordered crystal. 
The one-to-one adduct C,,(Os04)(4-tea- 
butylpyridine), indeed gave a sufficiently 
ordered crystal for the determination of 
atomic positions by x-ray crystallographic 
analysis (15). 

The crystal structure (Figs. 1 and 2) con- 
firms the soccer ball-like arrangement of 
carbon atoms in C,, by clearly showing the 
32 faces of the carbon cluster composed of 
20 six-membered rings fused with 12 five- 
membered rings. N: two five-membered 
rings are fu~edto~ether,  and each six-mem- 
bered ring is fused to alternating six- and 
five-membered rings. The 0 - 0 s - 0  unit has 
added across a six-six ring fusion, consistent 
with the regiochemistry predicted by ex- 
tended Hiickel calculations on C,, and the 
principle of least motion or minimum elec- 

tronic reorganization (16). 
The tricoordinate carbons C3-C60 all lie 

within a spherical shell of radius 3.46 to 
3.56 A, with an average distance of 
3.512(3) A from the calculated center of the 
cluster. The tetracoordinate oxygen-bonded 
carbons C1 and C2 lie significantly outside 
of this shell at distances of 3.80(2) and 
3.81 (3) from the center. They have ap- 
proximately tetrahedral geometry with sums 
of C-C-C angles equal to 330°, slightly'more 
than 328", the sum for an ideal tetrahedral 
atom. The proximate carbons, C3-C6, are 
the least distorted from planarity within the 
cluster, with sums of C-C-C angles averag- 
ing 353(1)", compared with 360" for a 
planar atom. The remaining carbons, C7- 
C60, have approximately equivalent geom- 
etries with sums of C-C-C angles ranging 
from 344" to 351". The average sum, 
348.0(3)", equals the value for an ideal 
junction of two regular hexagons and a 
regular pentagon. AU 60 carbons within the 
cluster are pyramidalized concave inwards. 

The five- and six-membered rings not 
containing C l  and C2 are planar with devi- 
ations from least-squares planes less than 
0.05(3) A. In contrast, tetracoordinate car- 
bons C1 and C2 lie 0.22(2) to 0.30(3) A 
outside of the planes defined by the other 
carbons in the rings which contain them. 
Excluding bonds to C1 and C2, the average 
C-C bond lengths are 1.388(9) A for six-six 
ring fusions, and 1.432(5) A for six-five ring 
fusions. These values are within the range of 
bond lengths predicted by theory for the 
two types of bonds in C,, (1 7). The C1-C3, 
C1-C4, C2-C5, and C2-C6 bond lengths 
average 1.53(3) A, comparable with normal 
C(sp3)-C(sp2) single bonds. The geometry 
of the Os02N2 (diolate) unit is similar to 
that observed for conventional arene ad- 
ducts, although our C1-C2 bond length 
[1.62(4) A] is longer than the correspond- 
ing bonds in the other structures [1.40(4) to 
1.54(2) A] (18). 

The fimctionalization of C,, via the selec- 
tive osmylation described here and other 
organic reactions will allow chemists to go 
beyond buckminsterfullerene in the pursuit 
of new and unusual types of organic mole- 
cules. We are presently studying the novel 

cup and band shaped conjugated T-systems 
of the one-to-one and two-to-one C,,-OsO, 
adducts from chemical, spectroscopic, and 
theoretical perspectives. 
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