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Regioselective direct tetra-bromination of dibenzo[g,p]chrysene (DBC) is described, involving the
synthesis of multi-hydroxyl DBC derivatives. Addition of 16 equiv Br2 to a suspension of DBC in CH2Cl2
enables to singly construct a 2,7,10,15-tetrabromo-DBC. A lithium-bromine exchange event leads the
corresponding silyl molecule, and the following oxidation formed a tetra-hydroxyl derivative. Its isomeric
tetra-hydroxyl DBC as well as more congested octa-hydroxyl DBC were also singly constructed. These
straightforward and simple synthetic routes would provide a general entry for new DBC materials.

� 2020 Elsevier Ltd. All rights reserved.
Introduction

Dibenzo[g,p]chrysene core, shown in Fig. 1, has attracted much
interest, because it constitutes a unique class of polycyclic aro-
matic hydrocarbons (PAHs) [1a–c,2a,b,3]. It originally features a
helically twisted p –conjugation [4a,b], which is expected to apply
to a thin-film transistor as a hole transporting material [5a–c], and
an organic light-emitting diode as an emissive material [6]. Che-
mists have tried to synthetically functionalize the fused-ring core
to set up molecular diversity for tuning properties, which can
enable us to make new materials [7a–e]. For example, as one of
those materials, there is a polymer assembly in which we chemists
desire to deploy a dibenzo[g,p]chrysene (DBC): photophysical and
electronic properties such as high quantum yields, and long excited
lifetime, and capacity for resisting heat are supposed to advance
much more [8]. Despite the relevant possibilities of the DBC, direct
and selective functionalization of the DBC core has not been well
explored so far. Even regio-defined introduction of fundamental
substituents such as hydroxyl groups and bromine atoms into
the core has been quite a problem [9]. Actually, synthesis of
multi-substituted DBCs with precision of stereo-chemistry
requires tedious synthetic process and laborious separation
between isomers [10a,b].

Herein we report stereo-defined syntheses of DBC derivatives
tethered hydroxyl groups those are 1 in 2,7,10,15-positions, 2 in
3,6,11,14-positions, and 3 in 2,3,6,7,10,11,14,15-positions (Fig. 1).
Most patents about DBCs focus on attachment of multiple hydroxyl
groups into the cores toward the various polymer syntheses; how-
ever, the regio-selective attachments are problematic [9]. This
drove us to singly construct isomeric DBCs tethered hydroxyl
groups. Synthesis of 1 was based on direct and regio-selective
bromination of DBC. Syntheses of 2 and 3 were derived from 2,7-
dimethoxy fluorenone.

We started investigation with a large scale preparation of DBC
(Scheme 1), because commercially available DBC was too expen-
sive (for our group) [11]. We made use of the patent information,
and altered the experimental procedure to fit our hand [12a,b].
Dimerization of 9-fluorenone of 80 g proceeded when triethyl
phosphite was used as solvent at 175 �C, and the successive hydrol-
ysis gave the corresponding pinacol-type adduct. Pinacol rear-
rangement of the diol in refluxing methanol yielded the spiro
compound in 65%, and the following Wagner-Meerwein rearrange-
ment formed DBC skeleton in 82% yield. We confirmed repro-
ducibility to repeat these experiments 20 times, and prepared
about 500 g of DBC.

The adequate amounts of DBC enabled us to have many early
experiments for finding good reaction condition of regio-selective
bromination of DBC core; finally, usage of Br2 was found to singly
yield 4 that has four bromines (Scheme 2). Upon addition of 16
equivalent bromine to a suspension of DBC in CH2Cl2 solvents, to
our surprise, a perfectly regio-selective tetra-bromination occurred
within 30 min. Even in the crude state, TLC and 1H NMR spectrum
indicated that the product 4 was solely produced in pure form.
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Fig. 1. Dibenzo[g,p]chrysene, 1, 2, and 3.

Scheme 1. Synthesis of dibenzo[g,p]chrysene through dimerization reaction of
fluorenone.

Scheme 2. Regio-selective tetra-bromination of dibenzo[g,p]chrysene to form 4.

Scheme 3. Synthesis of 5.

Fig. 2. Molecular and packing structures with ORTEP drawing of 5 with thermal
ellipsoids at the 50% probability level; (a) torsion angles determined by the four
carbon atoms of C7, C8, C20, and C21; (b) top view; (c) side view from a fjord-area
region with a description of the torsion angle 41.14�; (d) side view from a bay-area
region. The hydrogen atoms are omitted for clarity.

Scheme 4. Synthetic route to 1 via 6, 7, and 8.
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When usage amounts of bromine decreased to 12 equiv, the reac-
tion completed barely in 24 h. We also attempted to use 8 and 4.8
equiv of bromines, and observed incomplete bromination along
with unpleasant mixtures in TLC monitoring and messy peaks of
1H NMR charts. The single operation of recrystallization from
toluene yielded 4 in 72% although 4 dissolved sparingly [13]. At
this point the positions of four bromines were unidentified, so
we tried to make a single crystal for X-ray analysis; however, a
lot of efforts preparing the crystal was unsuccessful. Thus, we
mapped out our target molecule, the molecule is tetra-silyl 5
(Scheme 3). Although the solubility of 4 in THF solvent was terribly
low, we envisaged that multiple lithiation would proceed [14]: to a
suspension of 4 in THF at�78 �C was added n-BuLi (6 equiv), which
was subjected to reaction with chlorotrimethylsilane (TMSCl, 9
equiv). In spite of the suspension state, high-yielding transforma-
tion was achieved in 74% to give tetra-TMS 5. The molecular
structure of 5 was determined by crystallographic analysis
(Fig. 2), which disclosed the arrangement of four substituents in
2,7,10,15-positions as illustrated in Scheme 2 [15,16]. And the
characteristic twisted structure, to our surprise, was displayed
with the torsion angle of 41.1� that was larger than the maximum
value of 37.3� reported by Nakamura et al. [10b] [17]. Indeed, judg-
ing from the illustrations of part (c) and (d) in Fig. 2, the pi-conju-
gated 5 obviously and actively bent.

With the success in preparing the tetra-silyl 5, we prepared the
structurally similar tetra-hydrodimethylsilyl 6 in 75% yield
because we anticipated that Fleming-Tamao oxidation of 6 is effec-
tive for synthesis of 1 (Scheme 4) [18a,b]. Indeed, it looked so, but 6



Scheme 5. Synthesis of 2 via 9.

Scheme 6. Synthetic route to 3 via 10, 11, and 12.
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didn’t have enough reactivity to complete the oxidation process.
Hence, 6 was converted into the highly reactive and somewhat
unstable tetra-methoxysilyl 7 in 97% yield [19]. Actually, the oxi-
dation of 7 quickly proceeded in TLC monitoring, and obviously
produced 1 in the crude state; however, annoying impurities pre-
vented us from purifying 1. Thus, the resultant crude products
were successively subjected to tetra-methylation, and 8 was
obtained in pure form in 30%. Finally, clean demethylation of 8
by BBr3 was completed, giving desired 1 in 87%.

We next focused on the synthesis of 2 (Scheme 5): in the same
way of constructing the DBC skeleton, dimerization of 2,7-
dimethoxy fluorenone of 80 g proceeded when triethyl phosphite
was used as solvent at 175 �C, and the successive hydrolysis gave
the corresponding pinacol-type adduct. Pinacol rearrangement of
the diol in refluxing methanol yielded the spiro compound in
75%, and the following Wagner-Meerwein rearrangement formed
DBC skeleton in 61% yield. We repeated these experiments 7 times,
and prepared about 170 g of 9. Finally, 9 undertook smooth
demethylation by means of BBr3, giving 2 in 96% yield.

Through the course of pursuing the synthesis of tetrol 1 and 2,
the structure of octol 3 intrigued us. We have explored possibility
of singly shaping 3 that has eight phenolic hydroxyl groups in the
same positions as 1 and 2 (Scheme 6). Luckily, the starting 9
cleanly undertook a selective bromination at 2,7,10,15-positions
in 95% yield. The resultant 10 accepted tetra-silylation to yield
11 in 75%. The following methoxysilylation for being much more
reactive toward Fleming-Tamao oxidation successfully led to 12
that has four methoxy and four hydroxyl groups. Finally, clean
demethylation by BBr3 was carried out to give desired 3 as blue
crystals in quantitative yield.

In summary, regio-defined multiple introduction of hydroxyl
groups into a DBC core was successfully demonstrated. Key to
these single constructions were three: One, smooth dimerization
reactions of 9-fluorenone analogues readily prepared DBC skele-
tons in 18–25 g of laboratory-scale. Two, DBC undertook direct
tetra-bromination in perfectly regio-selective manner. Three, the
four bromines tethered DBC were all together tolerable to Flem-
ing-Tamao oxidation reactions. These three simple findings enable
us to separately make new multiple hydroxyl DBC in pure form.
This demonstration would be good opportunity for understanding
reactivity of DBC core and opening the door of creating new func-
tional organic materials anchored to the DBC. Application to poly-
mer assembly materials is ongoing and will be reported in due
course.
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