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Bowl-shaped π-conjugated carbon molecules (geodesic poly-
arenes, buckybowls, or π bowls, here we use π bowls) are

considered to be key materials in addition to fullerenes and
carbon nanotubes in the curved π-conjugated carbon systems.
Most of the investigation in π-bowl chemistry has been per-
formed on corannulene (C20H10, Figure 1) and its derivatives.1

However, the methods to prepare functionalized corannulenes
are still limited because the rim of corannulene consists of
aromatic double bonds.2 On the other hand, sumanene (1), a
C3v partial symmetric structure of C60, is characterized by three
benzylic positions, which may allow facile functionalization. In
2003, a synthesis of 1 under nonpyrolytic conditions was devel-
oped by our group.3 From a material viewpoint, the needle-like
single crystal of 1 was revealed to show high electron mobility
with large anisotropy.4 Stereoselective trisilylation at the benzylic
positions via the corresponding trianion was achieved to afford a
single diastereoisomer.5 A series of π-extended bowl-shaped π-
conjugated compounds were also synthesized from 1 via the
benzyl anion.6,7 In this context, oxosumanenes such as 3 are
thought to be important key scaffolds to introduce nucleophiles.
Furthermore, they should be potential bowl-shaped electrical
materials with larger π-conjugation and stronger electron accep-
tors relative to 1. During our investigation,8 trimethylsumanene-
trione was reported.9 However, the above-mentioned properties
have not been investigated. Herein, we report the synthesis,
derivatization, and characterization of monooxo- and trioxosu-
manenes 2 and 3.

In order to oxidize benzylic carbons, various conditions were
examined. Use of chromium trioxide with 3,5-dimethylpyrazole
gave 3 in 14% yield. Benzeneseleninic anhydride with t-BuOK
was also employed to afford 3 in 8% yield. Condensation reaction
with nitrosobenzene via benzyl anion was attempted to produce
triimine as a synthetic equivalent to the trione. However,
two-step yield of 3 after the acid hydrolysis remained low. Gif-
type oxidation conditions were investigated. In the presence of
t-BuOOHand pyridine,10 not only the typical FeCl3 but also various
metal catalysts were examined, such as RuCl3, phosphotungstic acid,

VOSO4, CoCl2, CuCl2, Mn(OAc)4, etc. Ultimately, a satisfactory
yield of 3 was obtained under the conditions using RuCl3 (73%,
Scheme 1A). On the other hand, the conditions using phospho-
tungstic acid made the reaction slow enough to isolate monoox-
osumanene 2 in 51% (Scheme 1B). Meanwhile, the dione was only
occasionally found during a series of investigation and identified by
1H NMR and GC�MS analysis as follows: 1H NMR (400 MHz,
CDCl3) δ 7.37 (d, J = 7.8Hz, 2H), 7.35 (s, 2H), 7.30 (d, J = 7.8Hz,
2H), 4.74 (d, J = 20.2 Hz, 1H), 3.59 (d, J = 20.2 Hz, 2H); MS(EI)
m/z 292. However, the oxidation reactionwas likely to be too fast to
isolate a sufficient amount of the dione.

Structure of 2 was revealed by the X-ray crystallographic
analysis. The single crystal was obtained by sublimation under

Figure 1. Corannulene, sumanene (1), monooxosumanene 2, and
trioxosumanene 3.
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ABSTRACT: Oxosumanenes were synthesized through benzylic oxidation. The elec-
tronic and redox properties were revealed to exhibit the expanded π-conjugation
compared to sumanene. Single-crystal X-ray analysis of monooxosumanene showed
columnar π-stacking in a concave�convex fashion. Stereoselective trimethylation of the
trioxo derivative was performed via 1,2-addition to the carbonyl groups.
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reduced pressure (sealed tube, ∼180 �C, 0.015 MPa under
argon). ORTEP diagrams clearly show the bowl-shaped structure
(Figure 2A, side view).11 The bowl depth, which is defined as the
perpendicular distance from the center of the hub benzene ring
(C16�C21) to the rim carbon atoms (C3, C4, C8, C9, C13, and
C14), is 1.11�1.13 Å. These values are comparable to that of
sumanene (1.11 Å).5 Deep bowl-shaped π-aromatics sometimes
favor a stacking structure in a concave�convex fashion.5,12 Such
an arrangement was observed in an intermolecular packing
structure of 2 (Figure 2B). The stacking distance is 3.82�3.87
Å (between the hub benzene rings), which is similar to that of
sumanene although it is relatively larger than that of ordinary π-
stacking. Each layer of the column is stapled in a staggered
fashion. The carbonyl moiety alternates between two molecules
piled together as shown in Figure 2B, top view, which may be due
to a steric and electronic repulsive effect of the two methylene
units and carbonyl group. Neighboring columns are oriented in
opposite directions (Figure 2B, side view). It contrasts to the
stacking of 1, where all columns are oriented in the same direction.5

It suggests that 2may also be of potential utility as electrically active
materials in a solid state like 1.

Introduction of nucleophiles via 1,2-addition was demon-
strated by the treatment of 3 with methylmagnesium bromide
(Scheme 2). The reaction was performed at 0 �C to give the
trimethylated product 4 in 56% yield as a single isomer. The
chemical shift of the methyl group in 4 is 2.13 ppm in DMSO-d6,
which is lower than the corresponding peak of the fluorene derivative
5 (1.56 ppm). This is likely to be caused by the deshielding effect of
ring current from the bowl-shaped aromatic skeleton, indicating
the exo-trimethyl substitution. To support the assignment, prediction
of chemical shift of themethyl groupwas also carried out usingGIAO
method based on DFT calculation (B3LYP6-31G(d,p)//B3LYP6-
31G(d,p)). The shift of the exo-methyl groups for 4was reproduced
well by the calculation (2.13 and 2.09 ppm for the experimental
and calculated values, respectively), showing the downfield shift
from the calculated values of 5 and the endo-trimethyl isomer of 4
as well (Δδ = 0.49 and 0.50 ppm, respectively).

The UV�vis absorption spectra of 2 and 3 in 5.0� 10�6 and
1.0 � 10�4 M (inset) CH2Cl2 solution are shown in Figure 3.
Monooxosumanene 2 has maximum absorptions at 252, 274,
329, 344, and 400 nm, and a shoulder peak was observed around
295 nm. Trioxosumanene 3 has a strong peak at 243, a peak at
299 nm with a shoulder peak around 320 nm, and a broad weak
peak at 443 nm with a shoulder peak around 480 nm. The end of
absorptions for 2 and 3 reach around 495 and 550 nm, respec-
tively, whereas that for sumanene (1) is around 375 nm (see
the Supporting Information of ref 4 for the corresponding

spectrum). Thus, as the number of the carbonyl group
increases, the absorption end is red-shifted. In a solid state,
the color of 2 and 3 are yellow and orange, respectively, in
contrast to 1, of which is white. These results indicate the
expansion of π-conjugation by the carbonyl groups.

The redox properties were also studied electrochemically. Po-
tentials were obtained by cyclic voltammetry with a scan rate of
100 mV s�1 under argon (Table 1, see Figure S1, Supporting
Information, for cyclic voltammograms). Monooxosumanene 2 in
CH2Cl2 showed a reductionwave at�1.28V (E1/2 versusAg/AgCl)

Figure 2. ORTEP drawings and packing structure of 2.

Scheme 1. Synthesis of Trioxosumanene 3 and Monooxosu-
manene 2
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assignable to the one-electron reduction processes of the
carbonyl group, which is comparable to that of fluorenone
(�1.27 V). Compared to sumanene (�2.54 V versus Ag/AgCl in
DMF at 253 K, a partially chemically reversible reduction is
observed),13 monooxosumanene 2 is apparently reduced more
readily. In the case of trioxosumanene 3 in CH2Cl2, two separate
reduction waves were observed at�0.46 and�0.77 V, which could
be assigned to the successive one-electron reduction processes of two
carbonyl groups. The third carbonyl group was not reduced under
these conditions. The reduction potential of 3 exhibits an anodic shift
from 2, which is accounted for by the electron deficiency.

In summary, mono- and trioxosumanenes 2 and 3 were
synthesized and characterized. Monooxosumanene 2 was
found to exhibit columnar stacking in a crystal state. Stereo-
selective trimethylation of 3 was demonstrated. UV�vis ab-
sorption spectroscopy and cyclic voltammetry experiments
revealed the expansion of π-conjugation and high electron
acceptance by lowering of LUMO levels. Investigation for

further derivatization and electrical materials application is
now in progress.

’EXPERIMENTAL SECTION

Synthesis of 4,7-Dihydro-1H-tricyclopenta[def,jkl,pqr]tri-
phenylen-1-one (2). To a CH2Cl2 (23 mL) solution of sumanene
(1, 150 mg, 0.57 mmol) were added pyridine (6 mL), phosphotungstic
acid (300 mg), and 70% aqueous solution of t-BuOOH (2.1 mL) at room
temperature. After being stirred for 24 days, the reaction mixture was
poured into 1 M HCl solution and ether. The aqueous layer was extra-
cted twice with ether. The combined organic layer was washed with
water, aqueous saturated Na2S2O3/NaHCO3 (1:2) solution, water, and
brine, dried over MgSO4, and evaporated in vacuo. The residue was
purified by silica gel column chromatography to give monooxosuma-
nene 2 (81.1mg, 0.29mmol, 51%) as a yellow solid: mp∼300 �C (dec in
a sealed capillary under nitrogen, uncorrected); IR (ATR , powder) 1697
(CdO) cm�1; UV�vis λmax (CH2Cl2) nm (ε) 252 (42400), 274
(38800), 329 (2160), 344 (2230), 400 (1430); 1H NMR (400 MHz,
CDCl3) δ 7.27 (d, J = 7.8 Hz, 2H), 7.19 (s, 2H), 7.16 (d, J = 7.8 Hz, 2H),
4.73 (d, J = 19.7 Hz, 2H), 3.52 (d, J = 19.7 Hz, 2H); 13C NMR
(100MHz, CDCl3) 190.0, 156.1, 149.4, 148.9, 148.7, 148.1, 139.0, 124.9,
124.4, 124.1, 42.0 ppm; HRMS(FAB) calcd for C21H10O1 278.0732,
found 278.0733 (M)+.
Synthesis of 1H-Tricyclopenta[def,jkl,pqr]triphenylene-1,4,

7-trione (3). To a CH2Cl2 (11 mL) solution of sumanene (1, 50.4 mg,
0.19 mmol) were added pyridine (2 mL), RuCl3 3 nH2O (85 mg), and a
70% aqueous solution of t-BuOOH (0.5 mL) at room temperature. The
reaction mixture was warmed to 40 �C. After being stirred for 54 h, five

Scheme 2. Synthesis of 4 and the Experimental and Estimated
1H NMR Chemical Shifts for the Methyl Protons in 4 and 5

Figure 3. UV�vis absorption spectra of 2 (solid line) and 3 (dotted line) in 5.0 � 10�6 and 1.0 � 10�4 M (inset) CH2Cl2 solution.

Table 1. Electrochemical Dataa of 2, 3, and Fluorenone

compd Ered1 Ered2

2 �1.28

3 �0.46 �0.77

fluorenone �1.27
a E1/2/V (vs Ag/AgCl); [compound] = 1.0� 10�3 M; solvent CH2Cl2.
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portions of silica gel were added. Almost half of the solvent was
evaporated very carefully, and then the mixture was purified by silica-
gel column chromatography to give trioxosumanene 3 (42.9 mg, 0.14
mmol, 73%) as an orange solid: mp∼280 �C (dec in a sealed capillary
under nitrogen, uncorrected); IR (ATR, powder) 1712 (CdO) cm�1;
UV�vis λmax (CH2Cl2) nm (ε) 243 (100000), 299 (12600), 443
(310); 1H NMR (400 MHz, CDCl3) δ 7.42 (s, 6H); 13C NMR (100
MHz, CDCl3) 188.2, 149.7, 143.6, 126.6 ppm; HRMS(FAB) calcd for
C21H6O3 306.0317, found 306.0312 (M)+.
Synthesis of (1S,4S,7S)-1,4,7-Trimethyl-4,7-dihydro-1H-

tricyclopenta[def,jkl,pqr]triphenylene-1,4,7-triol (4). To a
THF (3 mL) solution of trioxosumanene 3 (20 mg, 0.065 mmol) was
added a 1.06 M THF solution of MeMgBr (0.308 mL, 0.33 mmol) at
0 �C under argon. After being stirred for 1 h, the reaction mixture was
poured into aqueous saturated NH4Cl solution and ether. The aqueous
layer was extracted twice with ether. The combined organic layer
was washed with brine, dried over MgSO4, and evaporated in vacuo.
The residue was purified by silica gel column chromatography to give 4
(13.0 mg, 0.37 mmol, 56%): mp ∼250 �C (dec in a sealed capillary
under nitrogen, uncorrected); IR (ATR, powder) 3358 (OH), 3220
(OH) cm�1; 1HNMR (400MHz, DMSO-d6)δ 6.97 (s, 6H, Ar-H), 5.60
(s, 3H, �OH), 2.13 (s, 9H, �CH3);

13C NMR (100 MHz, DMSO-d6)
160.3, 146.1, 120.5, 88.4, 29.0 ppm; HRMS(FAB) calcd for C24H18O3

354.1256, ound 354.1257 (M)+.
Electrochemical Experiments. The cyclic voltammetry was per-

formed on a BAS CV-50W voltammetry analyzer in deaerated CH2Cl2
containing 0.1 M Bu4NClO4 as a supporting electrolyte under argon at
room temperature with a three-electrode system consisting of a glassy-
carbonworking electrode (BAS), a platinum auxiliary electrode (BAS), and
an Ag/AgCl (0.01 M) reference electrode (BAS) at 100 mV/s scan rate.
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