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Fullerenes are unparalleled among carbon-based molecules in

their combination of structural, topological, and electronic feattires.
With their near-spherical arrangement of-$yybridized carbon
atoms, for which nonadjacent pentagonal rings provide curvature

to an otherwise hexagonal network, these unusual compounds

display a rich array of physical and chemical properties that have

made them some of the most studied compounds in the last 12

yearst However, fullerenes are by no means limited to pentagonal

and hexagonal ring structures. Novel frameworks such as those

incorporating four-membered rings can be envisichadd their
synthesis is likely to bring new developments to the field.

We have recently described a conceptual approach to a paren
nonclassical fullereneC,,-symmetric G, (1, Figure 1)? The
strained four-membered ring of structuteés obtained by formal
insertion of a G-unit into two adjacent 5,6-ring junctions ofs&

(2). In this study, the parent fullerene;£{1) was generated in the

gas phase from a designed precursor in a laser-induced pyrolytic |

extrusion of two CO moieties and two hydrogen atoms. This result
constituted a clear incentive to a macroscopic preparationsof C
(1), or stable derivatives. While the parent compounias thus

far eluded our efforts to isolation due to its predicted high
reactivity2 the present work takes advantage of a similarly designed
mechanism to generate the stable derivatBeesc in a remarkable
one-pot procedure involving a seriestahdemreactions starting
from tetrazines2a—c (Scheme 1). The formation of the four-
membered ring in these products is clearly evidenced by the X-ray
structure of one of the & derivatives, compoun@a (Figure 2).

The sequential rearrangement of cyclohexadienofullerenes to
bridged bisfulleroid$;* which proceeds via a photochemically
promoted formal [4+ 4] cycloaddition and ensuing [4 2] ring
opening, provided the intellectual background for the set of reactions
shown in Scheme 1. The Dietd\lder reaction of tetrazine®a—c
with Cgo, Which proceeds via inverse electron demand as recently
described by Komatsu et.and Miller et al., leads to the diimine
intermediate8a—c.> We envisioned that intermediatda—c might
be diverted via the [4+ 4] photocycloaddition pathway to the
desired azo intermediatds—c.

Surprisingly, this desired reaction sequence occurred smoothly
upon irradiation with visible light, giving the four-membered ring-
containing G, derivatives6a—c instead of the interesting nucleo-
philic rearrangement byproducts reported by the groups of Miller
and Komatsi. At the temperatures needed to effect this reaction
(rigorously dried ODCB, reflux, 2 500-W halogen lamps, 2 h),
final extrusion of nitrogen from the inferred azo intermedidasc
likely proceeded via the “benzylic” biradicals4—c, Scheme 1)
directly to 6a—c. Interestingly, the reaction sequence is such that
the two Ar—-C: units of the tetrazinea—c end up being
transferred to two adjacent [5,6]-ring junctiorgs{1l addition) of
Cso, a feat that would be difficult to achieve otherwise for lack of
carbyne precursors.
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C2-Co2 (1)
Figure 1. Conceptual insertion of a#unit into Gso giving Cez (1)
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a, Ar = 4-Me-CgH,
b, Ar = 2-Py
¢, Ar = 3,5-(Me0),CgHg

The three G-derivatives6a—c are readily isolated in moderate
yields (14, 20, and 22%) by column chromatography over silica
gel® The two cyclobutene Sgarbons oba—c have a characteristic
13C NMR absorption at 72.38, 73.57, and 72.50 ppm, respectively,
in addition to the expected fullerene and aryl signals reflecting the
Cs symmetry of these molecules. Thesé-§pchemical shifts are
similar in range to those of the usual monofunctionalizeg C
derivatives (e.g.8, Figure 3)!

After numerous attempts with a range af,@erivatives’ X-ray
quality black single crystals of compougd were finally obtained
by slow evaporation from GBZDCl;. Compound6a crystallizes
in the chiral space group2;2;2,.° The crystals oba incorporate
carbon disulfide and chloroform in a 1:1:1 ratio. The packing
structure of6a reflects the chiral arrangement of the molecules in
the crystal, with a refined population of 0.510(7). The four-
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Figure 2. X-ray structure of (4-Me-gH4)2Cs2 (68). (a) Side view with
the p-tolyl substituents in the rear of the cyclobutene ring. (b) Top, partial
view with the p-tolyl substituents omitted for clarity.
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Figure 3. Comparison of the UV vis spectra oba, a bisfulleroid (G4Ha,
7),% and a [6,6]-monoadduct ¢GHs, 8)7 with indicated concentrations in
cyclohexane.

membered ring in structu@ais surrounded by four six-membered
rings, with relevant cyclobutene bond lengths of 1.667(6) A for
C1—-C2, 1.526(6) A for C2-C3, 1.530(6) A for C+C4, and 1.389-
(6) A for C3—C4. The elongated bond for €2 is similar to
that of the Csp—Csp bond lengths of monofunctionalizedsC
derivativest® The bond angles within the cyclobutene ring, at 84.8-
(3)° (OC3C2C1), 84.8(3)(IC4C1C2), 95.3(H(C4AC3C2), and
95.1(4y (OC3C4C1), respectively, reflect the relief of strain that
carbons C+C4 have compared to those of the parent systgm C
(1).2 This is highlighted in particular by the pyramidalization of
both C1 and C2 atoms and flattening of the-&34 double bond,
which has pyramidalization anglé®f 19.7 and 19.2 for C1 and

C2 as well as 164 for both C3 and C4, respectively. The
corresponding pyramidalization angle fog,G1), at 17.9, intro-

duces considerable strain in the parent system, as reflected by the

large frontier orbital coefficients calculated at the four-membered
ring carbong.

The nonclassical &-derivatives, exemplified bga (Figure 3),
display UV—vis absorption spectra that are very similar to those
of bisfulleroids (e.g., &Ha, 7),2 reflected by similar dark red-
colored solutions. This can be understood from the fact that there
is only a slight change in the electronic pathway for both types of
compounds: the bridging units differ only in that compoufiées-c

have more strained cyclobutene €s@sp bridging units but
similar zz-conjugated perimeters (gray shaded area, Figure 3).

On the other hand, there is a more significant difference of
electronic absorption features betweéa—c and simple G-
monoadducts, exemplified by the cyclohexeno[60]fullerene deriva-
tive Cs4He (8).” The broad band centered at 535 nméar 7, and
8 is overlapped ir8 by the hump spanning the range of 4450
nm, giving this and other g-monoadducts their characteristic dark
brown colors. Altogether, one can infer combinations of additive
similarities from both electronic systems &nd 8), for example
the red absorption centered at 705 nm6a similar to that of
monoadducB, but absent in bisfulleroid.

The methodology described in this study allows a straightforward
insertion of a G-unit onto the framework of §, giving stable G,
derivatives in a one-pot synthesis. In principle, it could offer a way
to access higher fullerenes through the sequential buildup of
Co-units. The physical properties of these and related nonclassical
fullerenes are currently studied and will be reported in due time.
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Note Added after ASAP: The version published 2/1/2003
contained errors in the caption of Figure 1. The final Web version
published 2/3/2003 and the print version are correct.
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