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After the protection of two a-carbons of the dibenzothiophene moiety in triphenylenothiophene 1 by
trimethylsilyl groups, the resulting compound 4 reacted with butyllithium followed by dichlorodimeth-
ylsilane to afford 10H-silolo[20,30 ,40 ,50:4,5]triphenyleno[1,12-bcd]thiophene 8, which reacted with
butyllithium followed by dichlorodimethylsilane to afford novel heterasumanene 11. Using dichlorodi-
methylstannane instead of dichlorodimethylsilane afforded heterasumanene 12, which is the first exam-
ple of a heterasumanene having three different heteroatom functionalities.

� 2009 Elsevier Ltd. All rights reserved.
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Corannulene has received considerable attention even for a long
time before the discovery of C60, because it is a beautiful bowl-
shaped molecule and a fascinating extended p-delocalized system.1

On the other hand, quite recently, sumanene, which is another type
of partial-C60 structure, has been reported.2 Sumanene3 itself is a
very attractive molecule because it has three fluorene units in the
molecule, each of which has an sp3-hybridized carbon atom.
Fluorene has long intensively been investigated from the viewpoint
of its fluorescent nature,4 synthetic utility as a ligand and a spacer of
transition metal complexes,5 and aromaticity of its anionic species.6

On the other hand, 9-heterafluorenes have also received consider-
able attention in terms of their unique electronic properties depen-
dent on the central heteroatoms on the 9-position,7 applied in the
synthesis of such intelligent materials as fluorescent polymers8

and chemical sensors.9 Being inspired by the first synthesis of
sumanene, we became interested in substituting the sp3 benzyl car-
bons in sumanene by heteroatoms to perturb the electronic and
structural properties of sumanene. The molecules whose hetero-
atom functionalities are introduced into these positions can be
called heterasumanenes. When we undertook our project of the syn-
thesis of heterasumanenes, the sole example of heterasumanenes
was the trithiasumanene, which has three dibenzothiophene units
in the molecule.10 However, during the synthetic process, the severe
reaction conditions of flash vacuum pyrolysis are needed, and we
can only access heterasumanenes having three identical heteroat-
oms. Therefore, development of methods for the simpler synthesis
of heterasumanenes remains a goal.11 We chose the known triphe-
nyleno[1,12-bcd]thiophene (1) as a starting compound, because it
can be easily prepared from triphenylene.12 We report herein the
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synthesis of novel heterasumanenes, having different heteroatom
functionalities, and their structures and properties.

To functionalize the starting triphenyleno[1,12-bcd]thiophene
(1), direct abstraction of the bay protons of 1 was first attempted.
After treatment of 1 with 4 equiv of butyllithium in hexane–
TMEDA at 60 �C for 3 h, the reaction was quenched with D2O to
afford 3,5-dideuteriated compound 2 in 80% yield (Scheme 1). Pro-
tons on the a-carbons of the dibenzothiophene moiety were ab-
stracted more easily than bay protons to afford dilithio derivative
3. For further functionalization of a bay area of 1, the a-carbons
of the dibenzothiophene moiety were protected by trimethylsilyl
4 (71%)
SiMe 3

5 (8%)
SiMe 3

Scheme 1. Lithiation and silylation of 1.
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Scheme 3. Synthesis of heterasumanenes 11 and 12.

Figure 1. ORTEP drawings of 11 with thermal ellipsoids plots (40% probability for
non-hydrogen atoms). Top view (left) and side view (right). All hydrogen atoms and
a disordered minor moiety were omitted for clarity. Selected bond lengths (Å),
C(5)–C(6), 1.450(5); C(6)–C(11), 1.407(6); C(11)–C(12), 1.428(6); C(12)–C(17),
1.384(6); C(17)–C(18), 1.408(5); C(18)–C(5), 1.367(6).
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groups to give bis(trimethylsilyl) derivative 4 in 71% yield13

together with mono-substituted 5 in 8% yield (Scheme 1).14

For further functionalization of 4, first, lithiation of 4 was exam-
ined. After treatment of 4 with 4 equiv of butyllithium in hexane–
TMEDA at 60 �C for 3 h, the reaction was quenched with D2O. A 1H
NMR spectrum of the crude mixture revealed the formation of
dideuteriated compound 6, the yield of which was estimated to
be about 20% (Scheme 2). Although the generation efficiency of
lithiated compound 7 was not very good,15 arching of a bay area
of 4 with a heteroatom functionality was carried out. Treatment
of a solution of 7, generated by the reaction of 4 with 4 equiv of
butyllithium, with dichlorodimethylsilane afforded novel 10,10-di-
methyl-10H-silolo[20,30,40,50:4,5]triphenyleno[1,12-bcd]thiophene
8 in 27% yield, the structure of which was established by X-ray
crystallographic analysis (Scheme 2).14,16,17

The final step for the synthesis of a heterasumanene from com-
pound 8 was to arch the remaining bay area by a heteroatom func-
tionality. Lithiation of compound 8 was therefore examined. After
treatment of silolotriphenylenothiophene 8 with butyllithium,
the reaction was quenched with deuterium oxide to afford dideu-
terio derivative 9 in which two butyl groups were introduced onto
the silicon atom, as shown by MASS spectrometry. Hence, we as-
signed an intermediate to dibutyl-substituted dilithio species 10
(Scheme 3). Since 9,9-dimethyl-9-silafluorene reacted with butyl-
lithium to give 9,9-dibutyl-9-silafluorene,18 the introduction of bu-
tyl groups onto the silicon atom of 8 through this reaction is quite
reasonable. The dilithio species 10 thus obtained reacted with
dichlorodimethylsilane to afford novel heterasumanene 11 in 3%
yield (Scheme 3),19 the structure of which was established by X-
ray crystallographic analysis (Fig. 1).20 Treatment of dilithio spe-
cies 10 with dichlorodimethylstannane to afford heterasumanene
12 in 0.4% yield,14 which is the first example of a heterasumanene
having three different heteroatom functionalities.

The ORTEP drawings of heterasumanene 11 are shown in Fig-
ure 1. The C�C bonds in the central six-membered ring slightly al-
ter from 1.367 Å to 1.450 Å, and the degree of alternation in 11 is
larger than those found in the parent triphenylene (1.411–
1.470 Å)21 and sumanene (1.381–1.431 Å).22 The p-framework
slightly deviates from planarity. The bowl depth of 0.23 Å is shal-
lower than those of sumanene (1.11 Å)22 and trithiasumanene
(0.79 Å).10 In contrast, trisilasumanene was predicted to be planar
by theoretical calculations.23 To understand the slightly bent struc-
ture of 11, theoretical calculations were carried out.

Based on the X-ray structure, optimization of the structure of 11
was carried out with hybrid density functional theory at the M05-
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Scheme 2. Synthesis of silolotriphenylenothiophene 8.
2X24 level using the GAUSSIAN 03 program.25 However, the optimized
structure was not bent but planar, inconsistent with the X-ray
structure. To elucidate the geometric feature of the X-ray structure,
a dimeric unit of 11 (Fig. 2) where three CH3 groups of part A di-
rectly point toward the aromatic ring of the part B was also opti-
mized. In this unit, the similar CH3 groups that point to the ring
of part A in the X-ray structure were neglected (Fig. 3). The optimi-
zation of the dimer unit produced a pair of a bent and a planar
structures with the average distance of 2.771 Å between the CH3

groups and the ring (Table 1), comparable to 2.917 Å in the X-ray
structure (Fig. 3). Details of the calculated data are shown in the
Supplementary data. The stabilization energy in comparison of a
dimeric structure with two planar structures was calculated to
be 9.8 kcal/mol. It is noteworthy that the energy of the bent part
in the dimeric unit is higher by only 0.7 kcal/mol than that of the
optimized planar structure of 11. The similar dimeric structure
was also found in the calculations for the simplified model system
with methyl groups instead of butyl groups on the silicon atom
that showed a stabilization energy of 8.5 kcal/mol, suggesting that



Figure 2. Optimized structure of the dimeric unit of 11. One is planar and the other
is bent. The three dot lines show CH–p interactions between the CH3 groups on the
silicon atom and the aromatic ring.

Figure 3. CH–p interactions in 11 with thermal ellipsoids plots (40% probability for
non-hydrogen atoms). All hydrogens and a disordered minor moiety were omitted
for clarity. The dot lines show CH–p interactions between the CH3 groups on the
silicon atom and the aromatic ring.

Table 1
CH distances (Å) related with CH–p interactions in 11

C–H distances (Å)

Calculated Experimental

H1–C1 2.614 2.895
H1–C10 2.629 3.042
H2–C2 2.852 2.772
H2–C20 2.652 2.777
H3–C3 3.008 2.980
H3–C30 2.870 3.038
av 2.771 2.917
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the butyl groups have no significant effect on the structural fea-
ture. Therefore, it is concluded that intermolecular CH�p interac-
tions strongly affect the deviation of planarity of 11 in the solid
state (Fig. 3). This conclusion, furthermore, is demonstrated by
the planar ring of part A in the dimeric unit without the effects
of the CH3 groups, because this part is also bent in the solid state,
being affected by CH�p interactions of another molecule (Fig. 3).

In summary, we succeeded in the synthesis of novel heterasu-
manenes 11 and 12 from triphenylenothiophene 1. The prepara-
tion of 12 is worthy of note from the standpoint of the first
heterasumanene having three different heteroatom functionalities.
Although the yields of 11 and 12 were not high, the present meth-
od will enable us to synthesize heterasumanenes with three differ-
ent functionalities, leading to the development of the less-explored
chemistry of heterasumanenes. Further investigation on the prop-
erties of 11 and 12, and the synthesis of other types of heterasu-
manenes is currently in progress.
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