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Abstract: Reaction of Cgp with malonic acid mono-esters in the presence of iodine and
diazabicyclof5.4.0Jundec-7-ene (DBU) provides the cormresponding 61-iodo-1,2-
methano[60]fullerene-61-carboxylates. This cyclopropanation of Cgy seems to occur
via a carbenoid intermediate. © 1997 Elsevier Science Ltd.

Among the large number of functionalized Cqy derivatives,! the methanofullerenes® have been one of
the most studied class. Since the first reported synthesis of a methanofullerene by Wudl and co-workers in
1991,% research in this field has expanded rapidly in many different directions, including material science and
biological applications. The synthetic methods utilized to produce methanofullerenes may be divided into
three categories: (i) thermal addition of diazo compounds, followed by thermolysis or photolysis,‘z'4 (i1)
addition of free carbenes to C60,5 and (iii) reactions which proceed by an addition-elimination mechanism.®
Although the first method always produces a mixture of [5.6]-open fulleroids and [6,6]-closed
methanofullerenes, the second and third methods give pure methanofullerenes. The cyclopropanation of Cgy
with stabilized o-halocarbanions,™ the so-called Bingel reaction, appears to be one of the most efficient tools
for the synthesis of methanofullerenes. This reaction is formulated as an addition of the stabilized o-
halocarbanions to Cgp, followed by an intramolecular displacement of halide by the anionic center generated
on the fullerene core. The reaction is fast, clean and proceeds in fair to good yields. Additionally, it has been
shown that nucleophilic cyclopropanation of Cgg is possible starting directly from malonates. In this case, the
o-halomalonate is generated in situ, and direct treatment of Cgp with malonates in the presence of iodine’ or
CBr48 and base affords the corresponding methanofullerenes in good yields.

We report herein the reaction of Cgo with malonic acid mono-esters in the presence of iodine and
diazabicyclo[5.4.0]lundec-7-ene (DBU). The malonic acid mono-esters 1a-c were prepared in quantitative
yields by reaction of the corresponding alcohols 2a-¢ with 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum'’s
acid) at 110-120°C for 3 hrs® (Scheme 1). Alcohol 2b was obtained in 76% yield by alkylation of 3,5-
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dihydroxybenzyl alcobol with 1-bromododecane in DMF at 60°C with KoCOs as base. Treatment of Ceo with
la-c in the presence of iodine and DBU in toluene at room temperature for 24 hrs afforded surprisingly the
corresponding 61-iodo-1,2-methano[60]fullerene-61-carboxylates 3a-c in 25 to 28% yield. In a typical
procedure, DBU (5 eq.) was added to a stirred solution of Ceo (300 mg), 1b (1.1 eq.) and I; (3 eq.) in toluene
(300 ml) at room temperature. After 12 hrs, an additional portion of 1b (0.5 eq.) and I (1 eq.) was added and
the mixture stirred for another 12 hrs. The reaction mixture was filtered through a pad of SiO; (toluene) and
evaporated. Column chromatography on SiO; yielded the unreacted Ceo (83 mg, eluent: hexane/toluene 4:1)
and 3b (hexane/toluene 4:3). Crystallization from CH,Cly/hexane afforded pure 3b (141 mg, 25% yield, or
34% based on the non-recovered Cgg). The structure of 3b is confirmed by FAB-MS, which depicts the
molecular ion peak at m/z 1363.2 (MH", Co3HssO4l requires 1363.3). The '*C-NMR spectrum is also in full
accordance with the structure of 3b.1% The 32 expected fullerene resonances (31 between & = 136 and
148 ppm, four of which show half intensity, and one at & = 75.47 ppm) as well as the 19 expected non-
fullerenic signals are observed for C; symmetrical 3b. Whereas the resonances of the methanobridge C atoms
appear at § = 14.81 (3a), 14.37 (3b), and 14.47 ppm (3c), the methanobridge C atoms of the corresponding

C-H analogues resonate typically around 39 ppm.“b{'7c This shielding effect is characteristic of the presence

of iodine.'!
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Scheme 1. Cyclopropanation of Cgp with malonic acid mono-esters.

Since the malonic acid derivatives of Cgp are known to give facile decarboxylation under basic
conditions,*"" the formation of methanofullerenes 3a-c could be the result of a decarboxylation of the Bingel
addition product derived from 1a-c, followed by quenching of the resulting carbanion with I;. In order to
prove the formation of the Bingel addition product as an intermediate, the stepwise preparation of 3b was
attempted via methanofullerene-dicarboxylic acid mono-ester 4. The preparation of compound 4 is depicted
in Scheme 2. N,N'-Dicyclohexylcarbodiimide (DCC)-mediated esterification of 1b with +-BuOH in CH,Cl, at
room temperature yielded the mixed malonate ester § in 76% yield. The methanofullerene 6 was obtained in
46% yield by treatment of Cep with § in the presence of DBU and I in toluene at room temperature.
Selective cleavage of the tert-butyl ester moiety7C of 6 with CF3CO;H in CH,Cl; at room temperature
afforded the desired carboxylic acid 4 in 97% yield. When compound 4 was subjected to the reaction
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conditions used for the preparation of 3b from 1b (DBU / I / toluene / room temperature), only traces of 3b
could be detected (< 1%) and compound 7 was the only isolable product (30 to 40% yield). In order to
prevent the reaction of the carbanion resulting from the decarboxylation with DBU-H" and the formation of 7,
NaH was used as base; however only decomposition products were obtained and no traces of 3b could be
detected. It has to be noted that the reaction of compound 4 with a catalytic amount of 4-
dimethylam'mopyridine7C (DMAP) in CH»Cl, at room temperature for 5 hrs afforded 7 in a good yield (72%).
In this case, the unstable carbanion resulting from the decarboxylation reaction is immediately quenched by the
more acidic DMAP-H" resulting from the reaction of DMAP with the carboxylic acid function of 4; therefore,
the conversion of 4 into 7 is clean under this conditions.
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Scheme 2. Preparation of methanofullerene-dicarboxylic acid mono-ester 4 and its decarboxylation.

Since all the attempted transformations of 4 into 3b failed under the experimental conditions used for
the preparation of 3b from 1b, the cyclopropanation of Cgp with malonic acid mono-esters in the presence of
I, and DBU seems not to occur via the formation of the corresponding Bingel addition product. As an
alternative, we suppose that the a-iodocarbanion formed in sitw might be not nucleophilic enough to react
with Cgp and the formation of the corresponding diiodomalonate derivative occurs.  Subsequent
decarboxylation and iodine displacement could yield a carbenoid intermediate able to react with Cgp to form
the corresponding methanofullerene. This cyclopropanation appears to be similar to the addition of
dichlorocarbene to Ceo described by Nogami and co-workers.” The pyrolysis of sodium trichloroacetate in a
mixture of benzene and diglyme generates dichlorocarbene, which then adds to Cep to give the corresponding

methanofullerene in 26% yield.
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