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Curved polycyclic aromatic hydrocarbons (PAH) composed
of five- and six-membered rings organized in the same arrange-
ment as those found on the surface of a fullerene have attracted
considerable attention since the first isolation of C60 in 1990.1,2

Corannulene (C20H10)3 stands out as both the oldest and the
smallest member of this family of bowl-shaped PAH, but larger
representatives have begun to appear in recent years, i.e.,
cyclopentacorannulene (C22H10),4 benzocorannulene (C24H14),5

diindenochrysene (C26H12),6 dibenzo[a,g]corannulene (C28H14),7

two isomeric C30H12 “buckybowls,”8 and cyclopenta[kl]dibenzo-
[a,g]corannulene (C30H14).5 We are now pleased to report the
first synthesis and characterization of a fullerene fragment
comprising 60% of the C60 ball: triacenaphthotriphenylene,1
(C36H12).9 A most gratifying aspect of this work is that this
new fullerene fragment can be prepared in just one step by flash
vacuum pyrolysis (FVP) of “decacyclene,”2, a compound that
has been known to chemists for more than 100 years10 and is
commercially available today in kilogram quantities.11

Our first attempts to effect cyclodehydrogenation of2 to 1
under ordinary FVP conditions at 1100°C a number of years
ago invariably gave unchanged decacyclene back as the only

recoverable monomeric material, and other investigators have
independently experienced the same disappointment. Higher
temperatures (1200-1300°C) and a better method for introduc-
ing samples of low volatility, however, ultimately proved to be
the key to success. Although the yield in this uncatalyzed
thermal cyclodehydrogenation still leaves much room for
improvement (0.2%), it can be conveniently performed on a
5.0 g scale to give 10 mg of purified1 in a single 5 h run.12 By
good fortune, the basket-shaped1 (a triple corannulene) travels
faster on chromatography12 than any of the other components
in the pyrolysate and can be isolated as a pale yellow solid (mp
> 300 °C) from the early fractions off the column.13 Unlike
most large planar PAH, triacenaphthotriphenylene (1) exhibits
exceptionally good solubility in common organic solvents. It is
also stable under ordinary laboratory conditions and, like C60,
can be handled without difficulty in the light and air.
In agreement with the assigned structure, the1H NMR

spectrum of1 consists of just two doublets in the “aromatic
region:” (400 MHz, CDCl3) δ 7.58 (d, 6H,J ) 9.1 Hz), 7.20
(d, 6H, J ) 9.1 Hz), and the13C NMR spectrum shows the
expected seven lines: (100 MHz, CDCl3) δ 152.2, 139.4, 136.8,
135.1, 127.2, 126.8, 125.4. The strong13C NMR signals at
127.2 and 125.4 ppm were identified as the two associated with
the methine carbon atoms by an NMR Attached Proton Test.
The mass spectrum of1 is characterized by a dominant

molecular ion (M+ ) base peak), little fragmentation, and a
prominent doubly charged molecular ion;14 a high resolution
mass measurement on the molecular ion confirmed the molec-
ular formula as C36H12.14 The UV absorption spectrum of1
bears a striking resemblance to that of C60 (Figure 1).14 As the
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network of rings increases from corannulene (C20H10) to 1
(C36H12), fullerene fragments appear to take on more and more
of the electronic character of C60.
We have not yet obtained X-ray quality crystals of1, but

theoretical calculations by several of the common semiempirical
methods15 all point to a structure with steep curvature. Analysis
of these energy-minimized structures by the p-orbital axis vector
(POAV) method16 reveals a predicted degree of pyramidalization
at the six central carbon atoms in1 that actually exceeds that
of the carbon atoms in C60 by a small amount (Figure 2).
Experiments have been initiated to look for fullerene-like
chemical reactivity at the highly-strained interior carbon atoms
of 1.

Other products formed in the FVP of decacyclene at 1200-
1300°C include the doubly closed C36H14 hydrocarbon3, the
singly closed C36H16 hydrocarbon4, and a trace of C60. The
doubly closed compound also moves fast on chromatography
and can be isolated from the second fraction. It is obtained in
slightly higher yield than1 at these temperatures and has been
characterized so far only by1H NMR, UV-vis, and low and
high resolution mass spectroscopy.17 The singly closed com-
pound (4) travels more slowly on chromatography and cannot
be separated from the large amount of unchanged decacyclene
and other products, but it has been positively identified in the
mixture by comparison of its HPLC-UV properties with those
of a sample prepared by an independent method.18

With authentic samples of decacyclene (2) and the products
of one, two, and three ring closures (4, 3, and1, respectively)
all available, we reexamined the FVP of decacyclene at 1100
°C using the nitrogen carrier gas method at 1-2 Torr but still
detected no more than a faint trace of the triply closed bowl
(1); hydrocarbons2, 3, and 4 were obtained in a ratio of
approximately 15:1:6, along with other products that remain to
be characterized. Thus, it seems that the energy required to
effect 3-fold cyclodehydrogenation of decacyclene simply is not
available under FVP conditions at 1100°C.
We believe that the high temperature chemistry described here

bears an important relationship to that operating in fuel-rich
flames wherein fullerene production has been observed.19 Novel
chemical transformations of several other polycyclic aromatic
hydrocarbons at temperatures in the 1200-1300°C range have
also been uncovered and will be reported shortly.
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8.19 (d,J ) 7.0 Hz, 2H), 7.95 (d,J ) 7.9 Hz, 2H), 7.86 (d,J ) 8.7 Hz,
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M++), 223 (31) 222 (19). HRMS: M+ calcd for C36H16: 448.1252, found:
448.1255. UV-vis (CH2Cl2) λmax(ε): 497 (8800), 464 (7200), 390 (29 600),
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238 nm (76 400, sh).
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Figure 1. UV-vis absorption spectra of triacenaphthotriphenylene (1)
and C60.

Figure 2. The p-orbital axis vector (POAV) angle16 at the most
pyramidalized carbon atoms of triacenaphthotriphenylene (1) is cal-
culated15 to be 102.42° (PM3), 102.43° (AM1), and 102.37° (MNDO);
cf. 101.64° for C60 (by symmetry).
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