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Abstract

A very large quinone was prepared by the double Diels±Alder reaction of 2,5,9,12-tetra(t-butyl)diace-
naphtho[1,2-b:10,20-d]thiophene and benzoquinone. The crystal structure of the polycyclic product shows
that the central anthraquinone ring system is quite twisted (50�), and the overall structure possesses
approximate D2 symmetry. # 2000 Elsevier Science Ltd. All rights reserved.

The synthesis of fullerene fragments has been a fertile area of research. Most of the previous
methods have used ¯ash vacuum pyrolysis to overcome the inherent strain of the curved products
but often su�er from poor yields.1 However, recent successes with nonpyrolytic syntheses suggest
that large-scale preparations of fullerene fragments may be possible if the appropriate precursors
can be synthesized easily.2ÿ4 In an e�ort to prepare an assortment of large, nonplanar molecules,
we have focused our e�orts on targets which are assembled from substituted acenaphthene units.
2,5-Di(t-butyl)acenaphthene (2) was synthesized by Friedel±Crafts alkylation of acenaphthene

with tert-butyl chloride and aluminum chloride in CS2,
5 and this material was heated with sulfur

to yield 2,5,9,12-tetra(t-butyl)diacenaphtho[1,2-b:10,20-d]thiophene (3) and the trimerization product
4 (Scheme 1).6ÿ8 Compound 4 has been prepared previously by direct alkylation of decacyclene
with tert-butyl chloride.9 Compound 310 can be used as a building block for larger polycyclic
products; similar thiophenes are known to be good dienes for Diels±Alder reactions.11 In this
light, 3 (200 mg, 0.36 mmol) was heated at re¯ux with 1,4-benzoquinone (19.43 mg, 0.17 mmol,
0.5 equiv.) in nitrobenzene (2.5 mL) for 40 hours. The reaction progress was monitored by TLC
(silica gel, hexanes). Upon the disappearance of 3, the reaction mixture was cooled, the crude
product was precipitated with methanol (10 mL), and collected by ®ltration. The resulting solid was
puri®ed by TLC (silica gel, cyclohexane), and an orange ¯uorescent product, 2,5,8,12,15,18,21,25-
octa(t-butyl)diacenaphtho[1,2-l:10,20-l0]benzo-[1,2-j:4,5-j0]di¯uoranthene-10,23-dione (5), was obtained
in 5% yield (Scheme 2).12
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The geometry of 5 was initially examined by means of semiempirical MO calculations at the
AM1 level.13 A preliminary analysis revealed ®ve possible conformations, one with Ci symmetry,
two with C2 symmetry, and two with D2 symmetry (Table 1). The pairs of D2 and C2 structures
di�er in the orientation of the tert-butyl groups. After geometry optimization, the lowest energy
conformation possessed C2 symmetry. In this structure, the central quinone is a twist-boat with the
C2 axis perpendicular to the mean plane of the quinone. The overall C2 structure is dome-shaped,

Scheme 1.

Scheme 2.

Table 1
Calculated energies (a.u.) of conformations of compound 5. The relative energies (kcal/mol) of the conformations,
normalized to the C2 energy, are in parentheses, and the longitudinal twists of the anthraquinone in the D2 con-

formations are in brackets
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which is an ideal conformation for the pursuit of curved fullerene fragments. In contrast to these
calculations, however, a single crystal X-ray analysis of this material yielded a structure with
approximate D2 symmetry and an overall twist along the central anthraquinone moiety of 50.5�

(see Fig. 1).14 Interestingly, a search of the Cambridge Structural Database for anthraquinone
derivatives containing nonhydrogen substituents on carbons 1±8 found only two structures; these
possessed Ci and approximate C2v symmetry.17,18

Ab initio calculations at the HF/STO-3G andHF/3-21G levels19 for theCi conformation and the
lower energy conformation of each of the C2- and D2-symmetric pairs revealed smaller di�erences
between the various conformational minima.Most notably, the di�erence in energy between theC2

andD2 structures decreased to only 1.3 kcal/mol at the highest level employed. Given the observed
trend in the calculated energies, it is conceivable that a calculation at a still higher level of theory
might show the D2 conformation to be the preferred geometry in the gas phase. The observed
degree of twist is not reproduced in these calculations; all methods underestimated the twist by at

Figure 1. Two views of the molecular structure of quinone 5. In the upper image, thermal ellipsoids have been drawn
at the 50% probability level
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least 15�. With such small di�erences in energy between the key conformations and a presumably
soft potential energy surface, it is easy to imagine that the observed conformation and the relatively
poor agreement of the experimental and observed twists may be due to crystal packing forces.
Quinone 5 is a molecule well-suited for further synthetic manipulationÐin particular, the

synthesis of fullerene fragments by the construction of additional fused rings by elaboration at
the carbonyl groups. These and other reactions with compounds 3 and 5 are under investigation.
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