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Naohiro Namba,[a] Norimitsu Tohnai,[a] Satoshi Minakata,*[a] and Youhei Takeda*[a]

Dedicated to the memory of Professor Masahiko Iyoda

We report the synthesis of a new class of dibromod-
ibenzo[a,j]phenazine (DBPHZ) derivatives bearing diaryl
substituents at the 6,8–positions. These compounds were
obtained through a combination of regioselective Pd-catalyzed
C─H direct arylation and oxidative skeletal rearrangement
of appropriately functionalized binaphthalenediamines. The
compatibility of bromine substituents with the C─H arylation
conditions was confirmed, enabling the incorporation of
various aryl groups including diphenyl, tert-butylphenyl, and
3,5-dimethylphenyl moieties. Crystallographic analysis of a

representative compound revealed that the diaryl units adopt
a twisted geometry relative to the DBPHZ core. Solubility
tests demonstrated that the introduction of diaryl substituents
having alkyl groups significantly enhances solubility in common
organic solvents such as toluene and chloroform, compared
to unsubstituted DBPHZ. Owing to the retained dibromo
functionality, the synthesized DBPHZs would serve as valuable
synthetic building blocks for constructing π -extended functional
organic materials.

1. Introduction

π -Conjugated organic molecules have attracted considerable
attention in modern materials science owing to their electroac-
tive and photoactive π -electron systems, which allow for a
wide range of electric and optoelectronic functionalities.[1] These
molecular systems are widely used as key components in organic
field-effect transistors (OFETs),[2] organic light-emitting diodes
(OLEDs),[3] and organic photovoltaics (OPVs),[4] and have also
been extended to applications in sensing, imaging, and bio-
logical devices.[5] Their tunable electronic structures, synthetic
modularity, and compatibility with solution-based fabrication
techniques make them particularly attractive for next-generation
organic materials. As such, the synthesis of structurally novel π -
conjugated organic molecules and the investigation of their fun-
damental physicochemical properties remain central challenges
in the field. In parallel with the discovery of new π−conjugated
frameworks, the development of synthetic building blocks that
enable modular construction of π -extended systems is equally
vital. These building blocks serve not only as synthetic inter-
mediates but also as design elements that dictate the optical,
electronic, and solubility properties of the resulting materials.
Molecular-level engineering of these fragments is essential for
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advancing both fundamental understanding and practical utility
in organic electronics.

As part of our long-standing interest in the development of
organic π -conjugated functional materials, we have previously
established a synthetic strategy for electron-deficient azaaro-
matic frameworks featuring a unique U-shaped geometry, specif-
ically dibenzo[a,j]phenazine (DBPHZ).[6] Owing to its extended
π -conjugation, rigidity, and strong electron-accepting character,
the DBPHZ core has been successfully utilized as a vari-
ety of high-performance organic photofunctional materials.[7,8]

In particular, DBPHZ-based donor–acceptor type compounds
have been explored as emitters exhibiting thermally-activated
delayed fluorescence (TADF)[9,10] and room-temperature phos-
phorescence (RTP),[11] both of which are key to achieving high-
efficiency OLEDs. Additionally, the structural diversity of the
DBPHZ derivatives has enabled their use in stimuli-responsive
luminochromic materials applicable to sensing technology.[12] In
these studies, 3,11- and 2,12-dibromo-substituted DBPHZs (com-
pounds 1 and 2, Figure 1) have played a pivotal role as function-
alizable intermediates.[6,11] Their twisted donor–acceptor–donor
(D–A–D) architectures often suppress π–π stacking, thereby
enhancing solubility in organic solvents—a desirable feature for
solution-processable devices. To further explore the potential
of the DBPHZ framework, π -extension via Pd-catalyzed C─C
bond forming cross-coupling reactions (e.g., Suzuki–Miyaura
and Sonogashira reactions) represents a promising approach.
However, such π–extended DBPHZ derivatives tend to become
more planar, which intensifies intermolecular π–π stacking and
leads to reduced solubility. Since processibility is a crucial
requirement for device fabrication, enhancing the solubility of
DBPHZ-based molecules is an important research objective.
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Figure 1. Chemical structures of non-substituted dibromo DBPHZs 1 and 2,
and 6,8-diarylated dibromo DBPHZs 3 and 4.

In this study, we disclose the synthesis of 6,8-diarylated -
DBPHZs derivatives (compounds 3 and 4, Figure 1) as novel
π–conjugated building blocks with improved solubility. Their
solubility profiles were systematically evaluated in various
organic solvents and compared to those of the unsubstituted
analogues (1 and 2). The results provide valuable insights into
how peripheral aryl substitutions influence molecular solubility,
offering a rational design approach for future development of
solution-processable π–conjugated materials.

2. Results and Discussion

Previously, we reported the synthesis of a DBPHZ derivative
bearing diphenyl substituents at the 6,8-positions.[6] This com-
pound was obtained via an oxidative skeletal rearrangement of
a 1,1′-binaphthalene-2,2′-diamine (BINAM) precursor, in which the
diphenyl units were introduced adjacent to the diamino groups
through a Pd-catalyzed C─H arylation of N,N’-diacetylated biaryl-
diamines, as originally developed by Stahl and co-workers.[13]

Although there have been a report utilizing a similar C─H
arylation strategy on BINAM frameworks to construct axially
chiral bibenzo[b]carbazole derivatives,[14] no examples had been
described for the C─H arylation of BINAM substrates bearing
halogen substituents. Thus, it remained uncertain whether
such halogen functionalities would be compatible with the
Pd-catalyzed reaction conditions. Considering that the C─H
arylation proceeds via a Pd(II)/Pd(IV) catalytic cycle, we hypoth-
esized that the C─Br bonds might remain intact throughout the
transformation.

To examine this hypothesis and further explore the synthetic
feasibility, we commenced our study by preparing 6,6′-dibromo-
BINAM (compound 5), which we had previously synthesized.[15]

This compound was subjected to N,N’-diacetylation using acetic
anhydride as both acylating reagent and solvent, in the pres-
ence of N,N-dimethyl-4-aminopyridine (DMAP) as a nucleophilic

catalyst. The reaction proceeded cleanly to afford the desired
acetylated derivative 6 in 98% yield (Scheme 1; for the detailed
experimental procedures, see the Supporting Information). With
compound 6 in hand, we then carried out the N-acetyl-directed
C─H arylation using iodobenzene (5 equiv) as the arylating
reagent, Pd(OAc)2 (30 mol%) as the catalyst, and silver acetate
(AgOAc) as the base (4 equiv) in trifluoroacetic acid (TFA) at
100 °C under reflux conditions (Scheme 1).[13] Gratifyingly, the
arylation proceeded regioselectively to furnish the diphenylated
dianilide 7a. 1H NMR analysis of the crude product revealed
the disappearance of the two sets of doublet signals at 8.34
and 7.96 ppm corresponding to hydrogens at the 3 and 4
positions in 6 and emergence of singlet signal at 8.04 ppm,
indicating successful substitution. Moreover, MALDI-TOF mass
spectrometry confirmed the presence of two bromine atoms in
the product (M+:[M + 2]+:[M + 4]+= 1:2:1), providing strong
evidence that the C─Br bonds remained intact during the
transformation. These results suggest that the dibromo function-
ality is indeed compatible with the Pd(II)/Pd(IV) catalytic cycle
employed in the arylation. Despite the successful introduction
of aryl groups, the crude product mixture contained inseparable
byproducts, possibly due to multiple-arylative side reactions,
making purification challenging. Therefore, without isolating
the intermediate 7a, we directly subjected the roughly purified
product to alkaline hydrolysis at elevated temperature, which
cleanly removed the N-acetyl groups to afford the corresponding
diamine 8a. Delightedly, compound 8a was isolated in 37%
yield over the two steps. Subsequently, we carried out an
oxidative skeletal rearrangement of 8a using 1,3-diiodo-5,5-
dimethylhydantoin (DIH) in methanol at room temperature. This
transformation proceeded smoothly to yield the desired 6,8-
diphenylated 3,11-dibromo-DBPHZ derivative 3a in good isolated
yield (Scheme 1).

Encouraged by this result, we further explored the synthesis
of structurally modified analogues to investigate the synthetic
protocol generality. Using 4-tert-butyl-iodobenzene as the ary-
lating reagent under analogous reaction conditions, the C─H
arylation furnished the corresponding diarylated intermediate
7b, as estimated by 1H NMR spectroscopy. However, purification
was again hampered by inseparable byproducts. Nevertheless,
the roughly purified product was directly subjected to hydrol-
ysis to afford diamine 8b, which underwent oxidative skeletal
rearrangement to provide the corresponding desired product
3b in good yield. Similarly, C─H arylation using 3,5-dimethyl-
substituted iodobenzene proceeded regioselectively to afford
the desired diarylated intermediate 7c. Subsequent hydroly-
sis and rearrangement gave the 3,5-dimethylphenyl-substitued
DBPHZ compound 3c in high yield. These results demonstrate
the robustness and modularity of our synthetic strategy for
producing diverse 6,8-diarylated DBPHZ derivatives.

Encouraged by successful synthesis of the 3,11-dibromo-
substituted DBPHZ derivatives (compounds 3), we next turned
our attention to the preparation of their regioisomeric ana-
logues, namely the 2,12-dibromo-substituted DBPHZ derivatives
(compounds 4). These compounds were expected to offer
structural diversity as well as complementary properties for
future structure–property relationship studies. We employed a
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Scheme 1. Synthetic routes to 6,8-diaryl-3,11-dibromodibenzophenazines 3.

Scheme 2. Synthetic routes to 6,8-diaryl-2,12-dibromodibenzophenazines 4.

synthetic strategy analogous to that used for compounds 3, as
outlined in Scheme 2 (for the detailed experimental procedures,
see the Supporting Information). The required starting material,
7,7′-dibromo-substituted BINAM 9, was prepared according to
a previously reported protocol.[16] This diamine was subjected
to N,N’-diacetylation using acetic anhydride in the presence
of DMAP catalyst to afford the corresponding dianilide 10 in

quantitative yield. Subsequent Pd-catalyzed C─H arylation of
10 was conducted using the same set of iodoarene coupling
partners as before. The reactions proceeded regioselectively to
afford the desired diarylated intermediates 11. However, consis-
tent with our earlier observations, the isolation of analytically
pure product was complicated by the formation of inseparable
byproducts, likely due to overarylation. To overcome this limi-
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Figure 2. Crystallographic analysis of 4b. a) top view; b) side view; c) packing structure.

tation, the roughly purified product was directly subjected to
alkaline hydrolysis at elevated temperature, effectively removing
the N-acetyl groups to furnish the corresponding diamines 12.
These intermediates were subsequently treated with DIH in
methanol, smoothly affording the 6,8-diarylated 2,12-dibromo-
DBPHZ regioisomers 4 in good yields.

To gain deeper insight into the molecular geometry and
solid-state packing behavior of the newly synthesized diarylated
DBPHZ derivatives, we attempted to grow single crystals of
compounds 3 and 4. Despite several crystallization trials, only
compound 4b yielded single crystals suitable for X-ray diffraction
analysis. Crystals were successfully obtained by slow evaporation
from a chloroform solution under ambient conditions.[17] The
crystallographic analysis revealed that both tert-butylphenyl sub-
stituents are considerably twisted relative to the central DBPHZ
plane (Figure 2a). The dihedral angles between the DBPHZ core
and the tert-butylphenyl substituents were measured to be 43.8 °
and 37.0 °, respectively (Figure 2b). This significant torsion likely
arises from steric repulsion between the closely positioned aryl
rings and the planar π–conjugated DBPHZ core, resulting in a
non–coplanar arrangement. In the crystal, compound 4b adopts
an anti-parallel dimeric packing motif, wherein two DBPHZ
molecules align face-to-face with an interplanar distance of
3.35 Å between the aromatic cores (Figure 2c). This arrangement
appears to minimize steric congestion between the adjacent aryl
substituents while maintaining close π–π interactions.

Having successfully synthesized new families of diaryl-
substituted dibromo DBPHZ derivatives, we next turned our
attention to evaluating their solubility in organic solvents (for
the detailed procedures, see the Supporting Information). Under-
standing solubility behavior is critical, as it directly influences
solution processability, film formation, and ultimately, applica-
bility in optoelectronic device fabrication. The solubility data
for compounds 3 and 4 are visualized in Figure 3. Focusing on
the 6,8-diarylated 3,11-dibromo-DBPHZs series (compounds 3),
although diethyl ether was not a good solvent for any of the
compounds, we observed clear trends in solubility enhancement

in toluene and chloroform compared to the unsubstituted
parent compound 1 (Figure 3a). The diphenyl-substituted com-
pound 3a exhibited approximately 1.3-fold higher solubility in
toluene and a modest 1.1-fold increase in chloroform relative to
compound 1. Further structural modification by introducing a
bulky tert-butyl group on the phenyl ring, as in compound 3b,
led to a dramatic improvement in solubility—up to 6.2-fold in
toluene and over 11-fold in chloroform. Compound 3c, bearing
two 3,5-dimethylphenyl substituents, also exhibited significantly
improved solubility in both toluene and chloroform compared to
1. Similarly, for compounds 4, a significant enhancement in sol-
ubility was observed compared to the unsubstituted molecule 2
(Figure 3b). The introduction of two phenyl groups alone did not
markedly change the solubility, but the presence of aryl groups
bearing alkyl substituents (4b and 4c) significantly increased
solubility, up to fivefold in chloroform. Given that, in both series
3 and 4, the incorporation of diphenyl substituents alone did
not result in a substantial increase in solubility, and considering
the anti-parallel stacking mode observed in the single crystals,
we infer that alkyl groups enhance solubility through increased
London dispersion interactions, which effectively outcompete
the inherently strong π–π interactions.

3. Conclusion

In conclusion, we have successfully developed a synthetic
strategy for accessing DBPHZs derivatives bearing diaryl sub-
stituents at the 6,8-positions. This was achieved through a
combination of regioselective Pd-catalyzed C─H direct arylation
and oxidative skeletal rearrangement of suitably functionalized
binaphthalenediamines. The introduction of sterically demand-
ing diaryl substituents bearing alkyl groups led to a substantial
enhancement in solubility in common organic solvents such as
toluene and chloroform. This improvement could be attributed
to enhanced London dispersion interactions rather than to
the twisted spatial orientation of the peripheral aryl groups.
Importantly, the retention of dibromo functionalities in the
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Figure 3. Solubility of a) 1 and 3; b) 2 and 4 in various organic solvents (25 °C, mmol/100 mL). The inset photographs show the appearance of each
compound (5 mg) in chloroform (5 mL) (from left to right, a) 1, 3a, 3b, and 3c; b) 2, 4a, 4b, and 4c).

final products offers synthetic versatility, positioning these com-
pounds as valuable intermediates for further π–extension and
functionalization. Ongoing efforts in our laboratory are focused
on leveraging these building blocks to construct advanced
π–conjugated materials.

Acknowledgments

This work was supported by a Grant-in-Aid for Scientific Research
(B) (JSPS KAKENHI Grant Number JP23K26730 for Y.T.), Japan
Science and Technology Agency (JST) as part of Adopting
Sustainable Partnerships for Innovative Research Ecosystem
(ASPIRE) (Grant Number JPMJAP2425 for Y.T.), and Research Grant
(General Research) from TEPCO Memorial Foundation (for Y.T.).
Y.T. and S.M. acknowledge NIPPOH CHEMICALS for supplying
N,N-diiodo-5,5-dimethylhydantoin (DIH).

Conflict of Interests

The authors declare no conflict of interest.

Data Availability Statement

The data that supports the findings of this study are available in
the supplementary material of this article.

Keywords: Building blocks • Phenazines • Skeletal rearrange-
ment • Solubility; π -conjugated molecules

[1] Functional Organic Materials: Syntheses, Strategies and Applications (Eds.:
T. J. J. Müller, U. H. F. Bunz), Wiley–VHC Verlag GmbH & Co. KGaA,
Weinheim, 2007.

[2] C. Wang, H. Dong, W. Hu, Y. Liu, D. Zhu, Chem. Rev. 2012, 112, 2208–2267.
[3] G. Hong, X. Gan, C. Leonhardt, Z. Zhang, J. Seibert, J. M. Busch, S. Bräse,

Adv. Mater. 2021, 33, e2005630.
[4] G. Zhang, F. R. Lin, F. Qi, T. Heumüller, A. Distler, H.-J. Egelhaaf, N. Li,

P. C. Y. Chow, C. J. Brabec, A. K.-Y. Jen, H.-L. Yip, Chem. Rev. 2022, 122,
14180–14274.

[5] M. Dai, Y. J. Yang, S. Sarkar, K. H. Ahn, Chem. Soc. Rev. 2023, 52, 6344–
6358.

[6] Y. Takeda, M. Okazaki, S. Minakata, Chem. Commun. 2014, 50, 10291–
10294.

[7] Y. Takeda, P. Data, S. Minakata, Chem. Commun. 2020, 56, 8884–8894.
[8] Y. Takeda, Acc. Chem. Res. 2024, 57, 2219–2232.
[9] P. Data, P. Pander, M. Okazaki, Y. Takeda, S. Minakata, A. P. Monkman,

Angew. Chem. Int. Ed. 2016, 55, 5739–5744.
[10] S. Izumi, H. F. Higginbotham, A. Nyga, P. Stachelek, N. Tohnai, P. de

Silva, P. Data, Y. Takeda, S. Minakata, J. Am. Chem. Soc. 2020, 142, 1482–
1491.

[11] H. F. Higginbotham, M. Okazaki, P. de Silva, S. Minakata, Y. Takeda, P.
Data, ACS Appl. Mater. Interfaces 2021, 13, 2899–2907.

[12] M. Okazaki, Y. Takeda, P. Data, P. Pander, H. Higginbotham, A. P.
Monkman, S. Minakata, Chem. Sci. 2017, 8, 2677–2686.

[13] C. C. Scarborough, R. I. McDonald, C. Hartmann, G. T. Sazama, A.
Bergant, S. S. Stahl, J. Org. Chem. 2009, 74, 2613–2615.

[14] R. Takishima, Y. Nishii, M. Miura, Org. Lett. 2021, 23, 1349–1354.
[15] P. Yan, A. C. Millard, M. Wei, L. M. Loew, J. Am. Chem. Soc. 2006, 128,

11030–11031.
[16] Y.-K. Lim, J.-W. Jung, H. Lee, C.-G. Cho, J. Org. Chem. 2004, 69, 5778–5781.
[17] Deposition number 2466943 (for 4b) contains the supplementary

crystallographic data for this paper. These data are provided free
of charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service.

Manuscript received: July 29, 2025
Revised manuscript received: September 9, 2025
Version of record online: ,

Asian J. Org. Chem. 2025, 0, e70211 (5 of 5) © 2025 Wiley-VCH GmbH

 21935815, 0, D
ow

nloaded from
 https://aces.onlinelibrary.w

iley.com
/doi/10.1002/ajoc.70211 by T

he U
niversity O

f O
saka, W

iley O
nline L

ibrary on [05/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Synthesis of Solubility-Enhanced 6,8-Diarylated Dibromodibenzo[a,j]Phenazines via Pd-Catalyzed CH Arylation and Skeletal Rearrangement
	1. Introduction
	2. Results and Discussion
	3. Conclusion
	Acknowledgments
	Conflict of Interests
	Data Availability Statement



