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The fullerene monoxide, C¢O, has been detected as a byproduct
of fullerene synthesis.!? It can also be formed by electrochemical
oxidation of Ceo,? by photo-oxygenation of Cgp,? and through the
addition of dimethyldioxirane to Cg.* The latter two procedures
have allowed this monoxide to be obtained in macroscopic
quantities. 13C NMR spectroscopic analysis provides strong
evidence for the presence of an epoxide structure with an oxygen
atom placed above a 6:6 ring junction rather than the isomeric
1,6-oxido[10]annulenestructure.2¢ However theoretical studies
have suggested that an isomer with an oxygen atom inserted into
a 5:6 ring junction has lower energy than the experimentally
observed epoxide structure and that there is a significant energy
barrier which separates these two isomers.® In the solid state,
CesoO is orientationally disordered.$

In previous studies we have shown that Ir(CO)CI(PPhj),, 1,
readily and reversibly reacts with Cgo and Cyg to give crystalline
adducts (e.g., (n>-Cg) Ir(CO)CI(PPh;); and (n2-Cq)Ir(CO)Cl-
(PPh3),) whose structures have been determined from X-ray
diffraction studies.” In these adducts, the iridium atom binds to
an olefinic bond at a 6:6 ring junction, and because of the
reversibility of the adduct formation, the products are formed
under thermodynamic control. Here we report on the reaction
between 1and CgO. This reaction was studied in order to obtain
further information on the structure of C00, to assess its reactivity,
and toexamine the ability of the oxygen atom todirect the addition
of an organometallic reagent. In the context of reactivity, it is
important to note that epoxides have been observed to undergo
ring opening when treated with 1 and other low valent metal
complexes.®

CeO was prepared by the oxidation of Cgp (0.28 mmolar) with
m-chloroperoxybenzoic acid (16.8 mmolar) in a 3/1 toluene/
dichloromethane solution for 60 h. This procedure forms C¢O
along with five other products in relative amounts which are
different from that seen in the photochemical oxygenation. The
CsoO was isolated in 20% yield by evaporation of the mixture,
washing with ethanol, and chromatography with a “Bucky-
clutcher” column.? The fullerene oxide was identified by
comparison of its 13C NMR and electronic spectra with those of
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Figure 1. View of (72-CsoO)Ir(CO)CI(PPh;); with 50% thermal contours
for all atoms. For clarity only the ipso carbon atoms of each phenyl ring
are shown. Selected bond distances (A): O(1)-C(3), 1.445(12); O(1)-
C(4),1.462(12); C(3)—C(4), 1.480(11); Ir-C(1), 2.168(7); Ir-C(2), 2.1 74-
(7); C(1)-C(2), 1.500(11). Selected bond angles (deg): C(3)-O(1)-
C(4), 61.2(6); O(1)-C(3)-C(4), 59.9(6); O(1)-C(4)-C(3), 58.8(6);
C(1)-Ir—C(2), 40.4(3); P(1)-Ir-P(2), 113.44(8).

authentic samples prepared by photooxygenation.2 A saturated
benzene solution of triply chromatographed sample of C¢,0O was
layered over a saturated chloroform solution of Ir(CO)CI(PPh;),.
Deep purple crystals of the product, (n2-CgO)Ir(CO)CI-
(P(C¢Hs)3)20.53 CHCl3:4.47C4Hg, 2, grew at the interface of
the two solutions within 48 h. The infrared spectrum of the
product showed the iridium-bound carbon monoxide stretching
vibrationat 2022 cm-!, which s consistent with adduct formation.”

The structure of complex 2 as determined by an X-ray
diffraction study!®isshownin Figure 1. The epoxide functionality
is clearly present. The O(1)-C(3)-C(4) unit forms a nearly
equilateral triangle, and the C-O distances (1.445(12), 1.462-
(12) A) and C-C distance (1.480(11) A) are within the range
of distances expected for an epoxide unit.!! The iridium complex
has added to the carbon—carbon bond at one of the 6:6 ring
junctions that is immediately adjacent to the epoxide unit. The
nonbonded Ir-O(1) separation is large (3.463(7) A), and it is
clear that there is no insertion of the iridium complex into the
epoxide unit.

Careful examination of the fullerene portion of the structure
reveals the presence of a second site (O(1’)) for the oxygen atom.
The location of that site relative to the other atoms is shown in
Figure 2. The geometric parameters at the second site are similar
to those at the primary site, and the iridium complex is again
bound to an immediately adjacent 6:6 ring junction. The refined
occupancy of O(1) was 0.644(19) while that of O(1’) was 0.25-
(2). Since the sum of these occupancies is only 0.89, it is likely
that the crystal also contains a small amount of (72-Cgg)Ir(CO)-
CI(PPh;),. It is well-known that CgO readily loses its oxygen
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Figure 2. View of (32-Cg0)Ir(CO)CI(PPh;), which indicates the
locations of both the major oxygen atom site (O(1) with 0.644(19)
occupancy) and the minor oxygen site (O(1”) with 0.25(2) occupancy).

atomtore-form Cg.24 We haveshown through chromatographic
studies that while a benzene solution of CgQO itself is stable during
the time period necessary for crystal growth, a similar solution
when exposed to Ir(CO)CI(PPh;), or triphenylphosphine slowly
undergoes oxygen atom transfer to produce some Cg. This
reaction with triphenylphosphine is faster, and it is likely that the
deoxygenation that is observed with the iridium complex is a
result of a small degree of ligand dissociation from the complex.

Compound 2 is the first double addition product of Cgp with
two different addenda to receive thorough structural character-
ization. Therelative orientations of the oxygenand iridiumatoms
on the surface of the Cgp moiety differ from the orientations
found in double addition products that involve the addition of
two metal complexes to the fullerene surface. Addition of Ir-
(CO)CI(PPhMe;); to Cg yields two different crystalline forms
of a double addition product. Both of these have the added iridium
complexes bound to opposite ends of the fullerene.’* With the
addition of osmium tetraoxide, which proceeds under kinetic

Communications

control, five double addition products have been observed to form.!2
The structural analysis of these osmylation products proceeded
under the assumption that steric effects precluded addition to the
hemisphere that received the initial osmylation. Addition of {Ir,-
Cly(n*-CsHyz)a} to Cgo does yield a product, CeofIroCly(n*-
CsH3)2)2-2C¢Hs, in which two iridium atoms are bound to two
C-C bonds on a common hexagonal face of the fullerene, but the
presence of chloro bridges between the two iridium atoms in that
structure may play a decisive role in the positioning of the iridium
atoms.!3 Additionally in Cw{ll‘zClz(ﬂ‘-Cngz)z}z'ZCaHa, notice
that the two dinuclear iridium complexes are bound to opposite
ends of the fullerene and are as far apart as possible. In the case
of addition of a metal complex to C¢Q, the epoxide presents
minimal steric interference to addition, and it is likely that
electronic effects are responsible for directing the regiospecificity
of the iridium complex addition. Ir(CO)CI(PPh;), reacts only
with electron-deficient olefins, and metal-to-olefin back-bonding
in the Dewar—Chatt model is a major contributor to the stability
of theseadducts. In the case of C0, it is likely that those double
bonds that are adjacent to the epoxide function will be affected
most strongly by the electron withdrawal of the epoxide.
Consequently, it is reasonable that the thermodynamic preference
for binding of 1 to CgO involves placement of the two groups in
the closest possible proximity. Further studies of the other
products obtained by peroxyacid oxidation of Ce are in progress.
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