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Abstract

3-Sulfolene-3,4-dicarboxylates effective for generation of bis(methylene)butanedioates were applied to [4+2]
cycloaddition reaction of 3 to give fullerocyclohexenedicarboxylates, among whidhbatyl ester was hydro-
lyzed to a dicarboxylic acid derivative, useful for further conversion into its anhydride and half-esters. © 2000
Elsevier Science Ltd. All rights reserved.
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Surface modification of fullerenes is an attractive approach in materials science and pharmaceutical
applications, and a wide variety of functionalized derivatives have been prepared especially gsihig C
The cycloaddition reaction is now recognized as the most promising protocol for such functionalization,
because the number of addends is controlled with relative ease, and the addition site is limited to the
6,6 junction. Based on these merits, we have continuously reported [4+2] and [ 3+2] cycloadditions to
the double bond of &,% and our recent effort revealed that a prototypical tetrahydrothiophene-fused
Cso could be obtained with a thiocarbonyl ylideThe Gso derivative having two functional groups is
believed to be advantageous for effective use, for example, for cycliZapotymerizatiorf and the
evolution of characteristic supramolecular systénsthis sense, functionalization with two carboxy!
groups is representatifeWe envisaged that synthesis of a dicarboxylic acid derivativesesGch a$
can be achieved by exploiting the above thiocarbonyl ylide; a feasible four-step route includes: (1) 1,3-
dipolar cycloaddition reaction of the ylide with acetylenedicarboxylates; (2) oxidation of the cycloadduct
to 3-sulfolenes, (3) Diels—Alder reaction of the 3-sulfolene-3,4-dicarboxylates witha@d finally, (4)
acid-catalyzed hydrolysis of the esters. Reported here are fruitful results we have achieved along this line
and the further conversion into an anhydride and half-esters.
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Cso has alow LUMO level and prefers to cycloadd with electron-rich 1,3-diéh¥st, it was indicated
to have adequate reactivity even with electron-deficient dienes, and this feature was utilized for facile
introduction of a mono-functionality todgg3° and further extension to synthesis of a free monocarboxylic
acid derivative’® This strategy can be applied to synthesis of the related dicarboxylic acid derivative
with bis(methylene)butanedioat8$ Previously, we demonstrated that the thermal decomposition of 3-
sulfolenes to 1,3-dienes gave Diels—Alder cycloadductssgt@tisfactorily?® and hence, it is reasonable
to use this type of reagent as a reaction partner also in the preserf Gse required 3-sulfolene-
3,4-dicarboxylate!! could be obtained by 1,3-dipolar cycloaddition of the thiocarbonyl ylide with
acetylenedicarboxylat& followed by OXONE oxidation of the cycloaddudt (Scheme 1). Since
the model [4+2] cycloaddition reaction @a with typical dienophiles showed that the yields were
comparable to or even better than those repdrtettie aimed cycloaddition reaction withgCwas
conducted in the same manner. Thugy ®@as allowed to react witRa (5 equiv.) ino-dichlorobenzene
at 180°C for 30 min under an argon atmosphere. The reaction occurred smoothly (the color of solution
immediately changed from violet to brown), and the product was separated by silica gel chromatography
(elution with hexane/toluene 1/1) to give the desired cycloaddadh 44% vyield. The structure was
unambiguously elucidated by spectral data; FAB-MS peaks were observet: 80 (M) and 720
(base), and IR absorption indicated the presence of an ester moiety and@&at 1721 and 527 cr,
respectively. G, symmetry was confirmed by4 NMR signals (500 MHz, CHGICS; 5/3) at  3.95 (s,
6 H) and 4.33 (s, 4 H) antPC NMR signals (125 MHz, CDGICS; 5/3) at  65.12 for fused carbons,
135.87-155.28 (17 linéd) for sp? carbons, and 166.22 for ester carbonyl groups. These facts evidence
the usual addition at the 6,6 junction and the rapid flipping of a cyclohexene ring occurring at room
temperaturé? Analogous productdb—d were obtained with other 3-sulfolengb—d (Scheme 1).
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Product R Yield (%)
4a Me 44(47%)
Ceo
> 4b Et 43(49°)
4c iPr 32(35%)
4d tBu 47(69%)

* Yield based on consumed Cgg.

Scheme 1.

Among the cycloadducts obtained here, tHautyl ester is a good candidate for conversion into a
free dicarboxylic acid derivative, because its hydrolysis, which occurs quite readily under mild acidic
conditions, is desirable particularly inggchemistry3° In fact, treatment of the estdd (30 mg) with
excess trifluoroacetic acid (2 ml) in toluene (20 ml) at room temperature for 3 h afforded half-hydrolyzed
product5 (27 mg) in 96% yield. The expected dicarboxylic a@idvas successfully obtained in 75%
yield by further hydrolysis for another 5 h and purification with chromatography [silica gel, elution with
CHCI3/EtOH (5/1)]. The structure was supported by FAB-MS which had the expectepeslk atm/z
862 together with IR absorptions at 3387, 1701 (COOH) and 52g) ¢ 1. Although the dicarboxylic



2155

acid6is slightly soluble in ag. KCOs as documented in the case of methanofullerenedicarboxylic acid by
Hirsch?@ its extremely low solubility in organic solvents did not allow NMR measurement. Nevertheless,
this drawback could be cleared by further transformatio6 tf a soluble anhydridé by dehydration
with acetic anhydride using a large amount of the reagent (20 equiv.) in dry toluene at 80°C for 2 h
(quantitative yield). Again, the structure was shown to haygsgmmetry by NMR patterns similar to
those of4 ['H NMR (500 MHz, CDCh/CS, 4/1)  4.55 (s, 4 H);13C NMR (125 MHz, CDC}/CS, 4/1)

65.45 (fused carbons), 135.85-155.44 (17 liteesy? carbons), and 163.02 ¢ID)]. Until now, this
functionality has not been utilized for surface modification g§.(d’hus, the reaction of with alcohol
can lead to a functionalized fullerenecarboxylic acid. The anhydtidas treated with several alcohols
(10 equiv.) in dry toluene at 60°C for 3—8 h and chromatographic separation [silica gel, elution with
CHCI3/EtOH (5/1)] gave half-estei®a—c in good yields. Particularly, a protected amino acid derivative
of Cgo such asBb was obtainable in this way (Scheme 2).

ACzo
80°C 2h
5 6
Product R Time (h) Yield (%)
8a n-Bu 3 97
8h (CH2)3NHZ 8 84
8¢ (CH2)30Me 5 76
7 8a-c
Z = PhCH,0CO-
Scheme 2.

In summary, the Diels—Alder reaction og&with bis(methylene)butanedioaBegenerated by thermal
decomposition of 3-sulfolene-3,4-dicarboxylat2safforded functionalized g having double ester
groups. Among them, thebutyl ester4dd was easily hydrolyzed to a dicarboxylic acid derivative of
Cso, Which is useful for a variety of applications. An example is its conversion into an anhydride and
half-esters, and our further work with the dicarboxylic acid itself is aimed at realizing some sandwich-
type interaction with clays.
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