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Whereas only one monoaddition product is possible for Cgg, monofunctionalized Cgp

possesses nine

different 6-6 bonds (bonds at the junction between two six-membered rings) that can react in a second
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Ceo core, and purification is subsequently accompiished by often tedious chromatographic separations.‘ The

first powerful methodology for the regioselective preparation of selected multiple adducts of Cgg has been

introduced by Diederich and coworkers” in 1994 and is based on tether-directed remote finctionalization.
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regioselectivity for the construction of polyadducts with well defined three-dimensional structure is now a
central topic in fuilerene chemistry and is of high importance for the preparation of fullerene derivatives with

biological or material properties. We report herein the nucleophilic cyclopropanation of Cg starting from a -

keto ester and the direct bisfunctionnalization of Cgp based on a cyclization reaction of the fullerene sphere
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the preparation of methanofullerenes. It was also shown that nucleophilic cyclopropanation of Cgg is possible

starting directly from malonates. In this case, the a-halomalonate was generated in situ, and direct treatment

of Cgp with malonates in the presence of iodine™’ or CBr48 and base afforded the corresponding
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(1), iodine and diazabicyclo[5.4.0]Jundec-7-ene (DBU) in toluene at room temperature for 5 hrs affords
methanofullerene 2 in 30% yield (Figure 1). The yield of monoadduct is comparable to that obtained by the
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reaction with the corresponding a-chloro-f-keto ester. When CBra is used instead of iodine, the reaction
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subsequenily established by stariing from the bis{-keio esters) 3-5 {(Figure 2). Compound 3 was prepared in
66% vyield by alkylation of a,a’-dibromo-p-xylene in THF at 0°C with an excess of the dianion from ethyl
acetoacetate (1) which was generated by treatment of 1 with 2 eq. of lithium diisopropylamide (LDA).9
Bis(B-keto esters) 4 and S were obtained in 43 and 51% vyield, respectively, in a similar manner starting from
the corresponding dibromide; products of monoalkylation were also isolated (32 and 34% vield, respectively)
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temperature afforded the corresponding macrocyciic bisadducts 6-8 in 7 to 26% yieid. In a typicai procedure,
DBU (4.4 eq.) was added to a stirred solution of Cgp (300 mg), 3 (1 eq.) and I, (2 eq.) in toluene (600 mi) at
room temperature. The mixture was stirred for 5 hrs, then filtered through a pad of SiO; (toluene then
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CHCI3/AcOEt yielded pure 6 (116 mg, 26% yield). Since the linker between the two P-keto ester moieties
acted as a directing tether, the bisfunctionalization of Cep was highly regioselective and only one of all the
possible isomeric bisadducts was formed in each case. For each bisadduct 6-8, FAB-MS displayed the
expected molecular ion peak and the relative position of the two cyclopropane rings on the fullerene core was
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UV/VIS spectra. It was previously shown by Hirsch and coworkers'® that the UV/VIS spectra of the
biscyclopropanated fullerene derivatives are highly dependent on the addition pattern and characteristic for
each regioisomer. The UV/VIS spectra of 6-8 are fully consistent with those previously reported for the

. 1b,1d . . . . ..
analogous bisadducts.” >~ Furthermore, different diastereomers are possible for each cyclic regioisomer
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(in-in, in-out and out-out isomerism).” Actually, 6-8 were all isolated as pure compounds, therefore this
cyclization reaction is not only regio- but also diastereoselective. Because of the length of the linker between

the two cyclopropane rings, only the out-out isomer appeared reasonable for the e bisadduct 6. Two C;-
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symmetrical cis-2 diastereomers (in-in and out-out) appeared pGSSib}e for bis-adducts 7 and 8 Stenic
considerations based on molecular modeling, however, indicated that the two ethoxycarbonyl groups should
be oriented in an out-out manner, in analogy to a related macrocychc cis-2 bisadduct for which an X-ray

crystal structure was obtained.”
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7 (13%, cis-2, Cy) 4 meta 6 (26%, e, C,)

Using the sam

bisadducts 10 and 11 (Figure 3).

9 10 (cis-2, C) 11 (cis-2, C)

Figure 3. Bisaddition to Ceo with bis(B-keto ester) 9.

Compound 10 was the expected cyclization product and 11 resulted from an additional isomerization
of the double bond. The relative y1t:lu of both cis-2 derivatives was found to be non reproducible However,

structure of 10 was unambiguously determined by 2D COSY experiments which showed that no doubie bond
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be the result of an important strain in the 13-membered ring containing the E-alkene moiety. Therefore the
observed isomerization into the Z derivative 11 could be easily expiained by a diminution of the torsional
strain in the cycle with a Z-alkene fragment compared to the one with an E-alkene fragment. Further
experiments with substituted alkenes and molecular modeling studies are still under investigations in order to
understand this isomerization process.

In conclusion, the regioselective access to selected Cgp multiple adduct
) . b
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