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ABSTRACT

Direct C�H borylation of hexa-peri-hexabenzocoronenes (HBCs) has been achieved under iridium catalysis, which allows efficient synthesis of
hydroxy-substituted HBCs by oxidation of the boryl groups. Further oxidation of dihydroxy HBC with phenyliodine bis(trifluoroacetate) (PIFA)
afforded tetraoxo-substituted HBC without any regioisomers, which can be considered as a π-extended quinone.

Polycyclic aromatic hydrocarbons (PAHs) such as
pyrenes, triphenylenes, and hexa-peri-hexabenzocoronenes
(HBCs) have attracted much attention as fragments of
graphene.1 The structure and functionality at the edge
of graphenes significantly alter the physical properties
of graphenes.2 Consequently, effective functionalization
methods of PAHs are required to prepare model com-
pounds for the edge structures for functionalized graphenes.
Among various PAHs, HBCs have been extensively

investigated as the building block for liquid crystals and
motifs in supramolecules because of their disk-shaped
structures, producing a discotic liquid crystalline meso-
phase efficiently.3 However, introduction of various func-
tional groups at the peripheral positions of the HBC core
has been limited. Introduction of functionalities after the
synthesis of the HBC core is generally difficult due to low
solubility.4 Furthermore, the presence of reactive substi-
tuents often induces undesired reactions during Scholl

oxidation of the hexaphenylbenzene precursors with
FeCl3. In particular, the synthesis of alkoxy-substituted
HBCs is difficult because of severe side reactions.5 In
addition, hydroxy-substituted HBCs have never been
synthesized, although theywould serve as precursors forπ-
extended quinone derivatives and novel self-assembling
units with hydrogen bondings between hydroxy groups.
Recently, transition metal catalyzed C�H functionali-

zation has been under considerable development. Among
the various methods, C�H direct borylation is a conve-
nient protocol for the introduction of boryl groups to
functional π-systems.6,7 The resulting borylated products
are useful substrates for further transformations such as
Suzuki�Miyaura coupling and oxidation reactions.
Initially, we attempted to employ tetra-tert-butyl HBC

as a substrate for C�H functionalization.8 However, poor
solubility of this compound in common organic solvents
hampered the conduction of further reactions. To improve
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the solubility,more bulky substituents were required at the
HBC periphery. The introduction of mesityl groups was
achieved by palladium-catalyzed coupling of tetrabromo-
hexaphenylbenzene 1awith mesitylmagnesium bromide in
95% yield.9 The Scholl reaction of 2a with FeCl3 in a
CH2Cl2/EtOH mixed solvent provided tetramesityl HBC
3a in 96% yield (Scheme 1), which was highly soluble in
organic solvents such as dichloromethane and toluene.
With a soluble HBC in hand, we then investigated

the iridium-catalyzed direct borylation of 3a (Scheme 2).
The reaction was performed in the presence of 4.0 equiv
of bis(pinacolate)diboron and 6 mol % of [Ir(OMe)cod]2/
dtbpy. No reaction proceeded in cyclohexane and 1,4-
dioxane, which are often employed as standard solvents
for direct borylation. After several trials, we found that
a mixed solvent of mesitylene/tert-butyl methyl ether
(2/1, v/v) was effective in providing fully borylated product
4a in88%yieldunder refluxingconditions.10Theborylgroups
were easily converted into hydroxy groups by oxidation
with hydrogen peroxide to furnish 5a in 85% yield. The
structure of 5a was unambiguously confirmed by X-ray

diffraction analysis (Figure 1). The hydroxy groups were
incorporated at the least hindered positions. The π-plane
of the HBC core was slightly distorted, and the mean

Scheme 2. Ir-Catalyzed Direct Borylation and Oxidation of 3aScheme 1. Synthesis of Mesityl-Substituted Hexa-peri-hexa-
benzocoronene 3a

Figure 1. X-ray crystal structure of 5a. (a) Top view, (b) side
view, and (c) packing structure in the crystal. The thermal
ellipsoids are scaled to 50% probability level. Mesityl groups
are omitted for clarity.
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plane deviationwas calculated to be 0.045 Å. The distance
between two oxygen atoms on the adjacentmolecules was
2.68 Å, indicating the existence of hydrogen bonding. It is
noteworthy that the hydrogen bondings construct a 1D
chain network of 5a in the crystal.
To investigate the generality of the present protocol,

the direct borylation of trisubstituted HBC 3b was exam-
ined (Scheme 3).11 Borylation of 3b with 6.0 equiv of

bis(pinacolate)diboron in tert-butyl methyl ether afforded
triborylated product 4b in 73% yield. Treatment of 4b
with H2O2/NaOH aq furnished trihydroxy HBC 5b in
69% yield. The structure was also confirmed by X-ray
diffraction analysis, which reveals that HBC 5b also forms
an assembly through hydrogen bondings in the crystal
(Figure 2). The structure of 5b was also slightly distorted,
probably as a result of the crystal packing force.
We then attempted further oxidation of 5a to synthesize

dioxo-substituted HBC as a π-extended quinone on the
basis of the HBC skeleton. However, the quinone product
was not stable enough to be isolated.12 Instead, oxidation
of 5a with 4.0 equiv of phenyliodine bis(trifluoroacetate)
(PIFA) in DMF afforded tetraoxo product 6 in 84% yield
without any regioisomers (Scheme 4).13 The presence of
tetraoxo substituents was confirmed by high-resolution
mass spectrum. Tetraone 6 was reduced with NaBH4 into
tetrahydroxy HBC 7 in 79% yield. The structure of 7 was
assigned by the NOESY spectrum and finally confirmed
by preliminary X-ray diffraction analysis of acetylated
derivative 8 (Figure S29). In tetraacetate 8, the acetoxy
groups were selectively introduced in a syn manner and

the π-plane was distorted on one side due to the steric
repulsion of four acetoxy groups.14

Figure 3 shows UV/vis absorption spectra of 3a, 5a, 6,
and 7 in CH2Cl2. HBCs 3a, 5a, and 7 exhibited typical
absorption spectra for aromatic hydrocarbons.15Hydroxy
groups induce a slight bathochromic shift of absorption
spectra due to their electron-donating nature. The broad-
ening of the spectral shape of 7 is probably due to lower
symmetry. On the other hand, tetraone 6 exhibited quite a
broad absorption spectrum reaching the near-infrared
region. The significantly decreased extinction coefficient
and the blue shift of the main band around 300 nm can

Scheme 3. Ir-Catalyzed Direct Borylation and Oxidation of 3b

Figure 2. X-ray crystal structure of 5b. (a) Top view, (b) side
view, and (c) packing structure in the crystal. The thermal
ellipsoids are scaled to 50% probability level. Mesityl groups
are omitted for clarity.

Scheme 4. PIFA Oxidation of 5a
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be accounted for by the breaking of the π-conjugation of
HBC by the carbonyl groups. The observed large bath-
ochromic shift can be accounted for by the intramolecular
charge-transfer interaction between the HBC core and
the carbonyl moieties on the basis of DFT calculations
(Figure S31). The HOMO and LUMO energies of 6 were
estimated by electrochemical analysis by cyclic voltamme-
try (FigureS26).Reversible reduction andoxidationwaves
were observed at �0.64 and 0.42 V (vs ferrocene/ferroce-
nium cation), respectively. The gap between the oxidation

and reduction potentials is substantially small (1.06 V).
The high reduction potential of 6 suggests a prospective
feature of 6 as an electron-accepting molecule.
In summary, we have demonstrated that iridium-cata-

lyzed direct borylation of tetraaryl- and triaryl-substituted
HBCs proceeded efficiently to afford diborylated and
triborylated HBCs in good yields. The borylated HBCs
have been successfully converted into hydroxy HBCs,
which are difficult to prepare by Scholl oxidation. In addi-
tion, π-extended quinone 6 has been synthesized through
oxidation of dihydroxy HBC 5a. The present synthetic
method would be useful for modification of HBCs, which
allows introduction of various functionalities after con-
struction of the HBC skeleton. Further derivatization of
the borylated HBCs and properties of the HBC derivatives
are currently under investigation.
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