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Abstract. Substituted norcaradienes, generated by - Rh,(OAc), catalyzed - cyclopropanation of toluene and ben-
zene with fert-butyl diazoacetate, reacts with [60]fullerene to form a new type of fullerene cycloadducts.
© 1997 Elsevier Science Ltd.

Because of the interesting physical and biological properties of fullerene derivatives, chernical
modifications of Ceo by selective bond formation have been intensively explored, recently.® Cycloaddition
reactions provide the most successful method for the functionalization of fullerene.** Since the first synthesis of
a methanofullerene research in this field has expanded rapidly in many directions.® Several methods are known
including the thermal addition of diazo compounds,™ the reaction with free carbenes,>'®
ylides,"""> cyclopropanations with stabilized a-halocarbaniones,*!*
Cso-dianions with dihalocompounds.*®

The cyclopropanation of alkenes with organic diazo compounds can also be achieved by catalytic
methods.'® Catalytic decomposition reactions of diazo compounds are usually carried out in the presence of
metals in different oxidation states. We investigated the metal catalyzed reaction of tert-butyl diazoacetate with
[60]fullerene as a potential new and effective way for the synthesis of methanofullerenes.

In a typical experiment, 200 mg (277.52 umol) of [60]fullerene and 118 mg (832.56 pumol) of terz-butyl
diazoacetate were dissolved in dry toluene (150 ml), 10 mg (22.62 umol) of Rhy(OAc), was added, and the
solution was stirred under argon for 6d. The colour of the solution changed from purple to brown. TLC
showed only traces of the expected methanofullerene 6 (R; = 0.64), but a new main product (R¢ = 0.53; silica
gel 60; toluene/n-hexane = 1/1) appeared. Preparative chromatography on silica gel yielded unconverted Cgo
(59 mg), a methanofullerene 6 (6 mg; 4% yield based on converted Cgo), and the new derivative S/ent-5 (78
mg, 43% yield based on converted Cqp).

The "H NMR spectrum of $/ent-5 shows seven signals at 1.53 ppm (s, 9H, fert-C(Hy), 1.82 ppm (t, 1H,
Ha), 2.33 ppm (s, 3H, olefinic CH3), 2.89 ppm (m, 2H, Hg and Hc), 4.30 ppm (m, 1H, Hj, for S, Hg for ent-5),
4.42 ppm (m, 1H, Hg for 5, Hy, for ent-5) and 6.55 ppm (d, 1H, olefinic H). The proton decoupled '>*C NMR
spectrum displays 44 signals of the Cqo skeleton (42 between 155.89 and 136.32 ppm; two for the sp’
hybridized carbons at 71.56 and 71.25 ppm). The remaining 11 signals are assigned to the addend.
Correlation between the 'H and C atoms allowed the identification of the structure as 5/ent-5 (2D-"C-'H
ghmgc and 2D-"C-'H ghsqc investigations on an VARIAN UNITY plus 500 MHz). The UV-VIS absorption
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spectrum in toluene shows a strong absorption at 433 nm. This absorption is characteristic of the dihydro-
fullerene structure, thus indicating that the cycloaddition took place at a junction of two six-membered rings."*
The IR spectrum exhibits characteristic bands of the fullerene moiety and a C=0 absorption at 1710 cm™. The
positive ion FAB mass spectra shows the molecule ion peaks at m/z 927 [M]" (FISONS AUTOSPEC triple
sector instrument). All analytical data are in agreement with the proposed structure.

N,CHCOO-t-Bu =
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ent5 R'=H;R°=CH,

Scheme 1

Scheme 1 describes the cycloaddition of 3 to Ce. The Rhy(OAc), catalyzed cyclopropanation of tolucne
by 1 yields the norcaradiene 3. The valence isomerization between the norcaradiene structure 3 and cyclo-
heptatriene 4 is well known. The Diels-Alder reaction in most cases yields norcaradiene-type adducts such as
the tricycloadduct 5/ent-5." In the same manner benzene reacts to the compound 5 in a yield of 24 % (R' = R?
= H; without optimization). As expected, no reaction is observed using 1,1,2,2-tetrachloroethane as solvent.

Surprisingly, we isolated only one racemic isomer as product of the ,,domino reaction”. The regioisomer
3 is the main product of the cyclopropanation of toluene by the ferz-butyl diazoacetate.” The Diels-Alder
cycloaddition leads to an adduct with anti cyclopropane orientation relative to the entering dienophile Cq0. We
assume that the bulkiness of the ester group prevents the formation of the endo-isomer. Thus, for the
cycloadduct S/ent-S the configuration antifexo is assigned. This is in agreement with the observed coupling
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constant of 2.9 Hz for the frans cyclopropane protons Ha and Hs. 'H NMR studies using the NOE effect prove
the exo orientation of the ester group. Irradiation of the Ha proton at 1.82 ppm causes the enhancement of the
olefinic proton (10%).

The fert-butyl group of S/ent-5 can be removed by TFA. 37 mg (39.92 umol) of §/ent-5 were dissolved
in 10 ml of dichloromethane and 1 m! TFA. The solution was refluxed for 1 h, the solvent removed under
vacuum and the brown solid washed three times with ether to get 32 mg (92% yield) of the free acid 7/en-7.
We condensed this acid with the leucine fers-butyl ester under standard conditions in 80% yield using
dicyclohexylcarbodiimide (DCC), hydroxybenzotriazole (BtOH) and triethylamine (Scheme 2). As the splitted
signals in the 'H and "*C NMR spectra show, the product 8/8’ is a diastereomeric mixture.

TFA / CH,CI,

Slent-5 A,

7 R'=CH;R'=H 8 R'=CH;R =H
ent7 R'=H;R’=CH, 8 R'=H;R*=CH,
R® = CH,CH(CH,),
Scheme 2
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