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Unusual Reactions of Cgp with Aldehydes in the Presence of Aqueous Ammonia
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. Abstract: Fullerene Cg reacts with alkylaldehydes in the presence of aqueous ammonia to give 2,5-
dialkyl-substituted pyrrolidine derivatives. The reaction of phenylacetaldehyde under similar conditions
afforded Coo(HXCH,Ph) via possible decarbonylation. On the basis of the product analysis, reaction
mechanisms are proposed in which C ¢ plays the role of a dipolarophile or radical scavenger.
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The chemistry of fullerenes has attracted much attention in connection with the search for new
functional materials.! Various heteroatoms were introduced in fullerene materials, and in some cases
fullerene-fused 5-membered heterocycles, such as pyrazoline,2 oxazolidine,3 and pyrrolidine,4> were
obtained by use of 1,3-dipolar reagents. In the course of our study on alkyl-substituted fullerene deriva-
tives,6 we unexpectedly found a novel synthetic route to fullerene-fused pyrrolidine derivatives (Scheme 1,
left). Two alkyl groups can be introduced to Cgg simultaneously according to this reaction. Furthermore,
another type of reaction was found when phenylacetaldehyde was used as the starting material (Scheme 1,
right). We report in this letter an outline of these reactions and propose the possible reaction mechanisms.

The following synthetic procedure is typical. A mixture of Cgg (14.5 mg, 0.020 mmol), hexanal (41.7
mg, 0.42 mmol), aqueous ammonia (25%, 35 mg, 0.52 mmol), and chlorobenzene (4 mL) was stirred at 50-
60°C for 48 h under argon. The solution turned brown. After passing through a silica-gel short column using
toluene as an eluent, evaporation of the solvent under reduced pressure left a black residue. Separation of
the products on an HPL.C (L.C 908, Japan Analytical Industry) by using gel permeation columns (Jaigel 1H+
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1H) and toluene as an eluent afforded 3.0 mg of 1a (16% yield) together with 8.7 mg of Ceo recovered
(60%). A similar reaction using dodecanal instead of hexanal gave 1b in 35% yield (40% Cgo recovered).

The SIMS and FABMS of 1a were measured on a Finnigan Mat. TSQ 700 by positive and negative
ionizations from a matrix of m-nitrobenzyl alcohol. The spectra of 1a showed M*- at m/z 903 and MH* at
m/z 904. The tandem MS/MS analysis suggested that the molecule consisted of a Cep moiety (Ceo™ at m/z
720) and a substituent C12HasN (C12HagN* at m/z 184). The elemental analysis confirmed the formula
C72H2sN, indicating that two alkyl groups were introduced to Ceg.”

The 'H NMR spectrum of 1a was found to be a superimposition of two isomers (Fig. 1) which, so far,
have not been separable by the HPLC method. The H-H COSY measurements of the mixture clarified that
two alkyl groups are symmetrically equivalent in each isomer and that a chiral center resided at Cq in the
alkyl chain. The 13C NMR indicated the major isomer to have Cs symmetry.8 Therefore, the major and
minor isomers can be assigned to cis-meso-1a and trans-d,l-1a, respectively. The cis isomer is thermo-
dynamically preferred to the trans one because the two alkyl groups are arranged at equatorial sites in the
former but one alkyl group is at an axial position in the latter.® Steric effects generally cause !H signals to
be shifted to a lower field. The Hq signals are reasonably assigned as follows: 4.56 ppm for cis-1a and 4.74
ppm for zrans-1a.1! The cis/trans ratio was determined to be 81/ 19 by the Hy, signal integrals.

The MS, UV-vis, IR and NMR spectra of 1b confirmed the corresponding pyrrolidinofullerene
structure. Similar spectral analysis determined the cis/ trans ratio to be 79/21. It is noteworthy that the
solubility of 1b in organic solvents is considerably improved in comparison with that of Cgo.

In the case of the reaction with phenylacetaldehyde, the isolated product
was not a pyrrolidine derivative but 212 (12% yield). The substituents on the /
6-ring/6-ring junction are CH2Ph and H. The benzyl group undoubtedly is
generated by decarbonylation of phenylacetaldehyde.
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Fig. 1. TH NMR spectrum of 1a (500 MHz, 1/4 CS2-CeDe). cis-1a: 6 4.56 (dd, J = 11, 2 Hz, Hy),
2.61-2.55 (m, Hgy), 2.00-1.92 (m, Hgz+Hy1), 1.80-1.73 (Hyz), 1.53-1.40 (m, 4H), 0.99 (t, J= 7 Hz,
3H). trans-1a (denoted by asterisks): 64.74 (dd, J = 11,2 Hz, Hy), 2.42-2.35 (Hpy), 2.23-2.15 (Hg).

We obtained two types of adducts for alkylaldehydes and phenylacetaldehyde, notwithstanding the use
of the same synthetic procedure. We propose a reaction mechanism involving 1,3-dipolar cycloaddition
reaction as the key step for the pyrrolidine synthesis (Scheme 2) and a radical mechanism for the benzyl
adduct (Scheme 3).

In Scheme 2, a nitrile ylide (A) is considered to be a reactive intermediate. In order to investigate this
reaction mechanism, all of the products obtained from the Cgp-dodecanal-ammonia system were analyzed by
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means of FABMS after HPLC separation. The molecular ions Cego(C24H47N)(C36H71N), Co0(C24H47N) 2,
Cs0(C36H72N), and Ceo(C24H49N) were observed at m/z 1587, 1420, 1239, and 1072, respectively, in
positive FABMS. The MS/MS experiments revealed that the fragmentation of the moieties shown in
parentheses occurred. No product of possible stepwise reactions was detected. 13

Reductants are, however, not specified in Scheme 2. It is possible that aldehydes become a hydrogen
donor or that some amine derivatives become an electron donor. Preliminary results on the reaction with
benzaldehyde indicated the generation of a product exhibiting M*- at m/z 913 in FABMS. The product can
be tentatively assigned to B (R =Ph). This finding is rationalized by the stability due to the conjugation of a
phenyl group with a pyrroline C=N bond. Product B is a normal adduct of 1,3-dipolar addition of A (R = Ph)
1o Cep.14 Thus, the mechanism described in Scheme 2 is plausible for the synthesis of 1.

In the synthesis of 2, the decarbonylation strongly suggests that this reaction involves an acyl radical
(C),15 as shown in Scheme 3. The generation of a relatively stable benzyl radical may be the driving force
in this reaction. This type of reaction competes with the reaction in Scheme 2. The product analysis of the
reaction with hexanal after HPLC separation revealed the presence of a trace amount of Cgo(H)(COCsHj1)
(m/z 820 in FABMS). When alkyl aldehydes were used as the starting material, decarbonylation did not
occur because a primary alkyl radical is less stable than an acyl radical. On the other hand, the reaction with
benzaldehyde gave no benzoyl adduct. The 1,3-dipolar addition mechanism is favorable probably because
the conjugation of the phenyl group facilitates the formation of A (R = Ph).

The benzyl addition investigated here was found to occur even in the dark. The initiator of hydrogen
abstraction may be thermally generated aminofullerene radicals or charge-transfer complexes of Cep and
amines, taking the electron-accepting nature of Cgg into account. There have been a number of examples of
radicals and ion radicals prepared from Cgp and amines in the literature. 16 However, ammonia and imines
are less electron-donating than amines. Alkylamines, such as hexahydro-1,3,5-triazine derivatives formed in
equilibnia, can be considered to be electron donors or nucleophiles to Cgp.

The mechanisms proposed above are derived from the reactivities of Ce as a good dipolarophile, an
efficient radical scavenger, and an electron acceptor. Although it remains to be clarified whether these
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reaction mechanisms can be applied to substrates other than Cgp, they may provide a new synthetic approach
such as a facile generation of benzyl radicals.
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