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Bay-functionalized [7]Helicene Bilayer Nanographenes

Anmol Thanai, Vikas Sharma, Louis Minion, Hassan Khan, Hadeel Abbas,
George F. S. Whitehead, Avantika Hasija, Jessica Wade, Matthew John Fuchter,

and Ashok Keerthi*

Helical bilayer nanographenes (HBNGs) represent a promising class of
materials for advanced optoelectronic and chiroptical applications, owing to
their extended z-conjugation, intrinsic chirality, and tunable interlayer
interactions. Here, the rational design and synthesis of bay-functionalized
[7]JHBNGs incorporating methoxy, diketone, and phenazine moieties is
reported. These tailored modifications enable precise tuning of redox
properties and significantly enhance photophysical properties, including
pronounced spectral shifts, prolonged fluorescence lifetimes of up to 10 ns,
and fluorescence quantum yields reaching 55%. Importantly, the resulting
[7]JHBNGs exhibit strong electronic circular dichroism and exceptional
circularly polarized luminescence (CPL), with CPL brightness values as high
as 110 M~" cm~". The modular, convergent strategy enables versatile
late-stage modification of bay-substituted HBNGs from a single scalable

effects.'3] Prolonged efforts to functional-
ize nanographenes have resulted in the pro-
duction of a-diketones,!*! quinoxalines,®!
and N-heterosuperbenzenes,[®! which are
building blocks for 3D structures with appli-
cations in organic semiconductors.l’! Along
with that, the introduction of helicity!®°!
into nanographenes!!®!!l has enabled en-
abled a new class of chiral architectures,
including bilayer helical nanographenes!*?
with Dbroad potential across applica-
tions ranging from optoelectronics,'®!
photonics,!*1%] spintronics!'®! to circularly
polarized luminescence (CPL).['-21] Their
tunable interlayer z—z interactions signif-
icantly influence electronic coupling and

precursor, streamlining access to diverse derivatives and opening new
opportunities for their application in molecular electronics, chiroptical

devices, and advanced optoelectronic materials.

1. Introduction

Nanographenes, atomically precise fragments of graphene, have
attracted significant attention due to their exceptional electronic
and optical properties, which stem from quantum confinement

chiroptical behavior,??7] offering unique
opportunities for advanced material design.

Recent progress has significantly deep-
ened our understanding of the structure-
chiroptical property relationships in heli-
cal bilayer nanographenes (HBNGs). Key
advances include elucidating how helicene length influences chi-
roptical behavior,!?2%”] controlling molecular orientation to tune
charge-transfer characteristics,!?®! achieving chiroptical ampli-
fication through appended chiral moieties,[?*?°l and revealing
the effects of regioisomeric z-extension on phosphorescence.*%!

A. Thanai, V. Sharma, H. Khan, H. Abbas, G. F. S. Whitehead, A. Hasija,
A. Keerthi
Department of Chemistry
School of Natural Sciences
The University of Manchester
Oxford Road, Manchester M13 9PL, UK
E-mail: ashok.keerthi@manchester.ac.uk
L. Minion, J. Wade
Department of Materials
Imperial College London
Prince Consort Road, London SW72AZ, UK
L. Minion, J. Wade, M. ). Fuchter
Centre for Processable Electronics
Imperial College London
London SW72AZ, UK
The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/adom.202502564
© 2026 The Author(s). Advanced Optical Materials published by
Wiley-VCH GmbH. This is an open access article under the terms of the
Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly
cited.

DOI: 10.1002/adom.202502564

Adv. Optical Mater. 2026, e02564 €02564 (1 of 9)

L. Minion, J. Wade

Diamond Light Source Ltd.

Harwell Science and Innovation Campus
Didcot, Oxfordshire OX11 0DE, UK

M. J. Fuchter

Department of Chemistry

Molecular Science Research Hub
Imperial College London

London W12 0BZ, UK

M. J. Fuchter

Department of Chemistry

Chemistry Research Laboratory
University of Oxford

12 Mansfield Road, Oxford OX1 3TA, UK
A. Keerthi

Photon Science Institute

The University of Manchester
Manchester M13 9PL, UK

A. Keerthi

National Graphene Institute

The University of Manchester

Booth St East, Manchester M13 9SS, UK

© 2026 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH


http://www.advopticalmat.de
mailto:ashok.keerthi@manchester.ac.uk
https://doi.org/10.1002/adom.202502564
http://creativecommons.org/licenses/by/4.0/

ADVANCED
SCIENCE NEWS

ADVANCED
OPTICAL
MATERIALS

www.advancedsciencenews.com

Nonbenzenoid HBNG
Angew. Chem 2023

[10]JHBNG
Angew. Chem 2018

[7IHBNG
JACS 2023

Binap-[7]HBNG
Angew. Chem 2025

Perylene fused HNG
Angew. Chem 2024

Oxa[9]HBNG
JACS 2024

www.advopticalmat.de

MeO-[7]HBNG

Keto-[7]JHBNG

Phe-[7]JHBNG
R = OMe, Br, H

Figure 1. Chemical structures of representative examples of helical bilayer nanographenes (HBNGs), helical nanographenes (HNGs), and, from this

work, bay-functionalized [7JHBNGs.

Additionally, important developments have emerged from explor-
ing heteroatom doping,?*33 multi-layered architectures,3*3]
and non-benzenoid scaffolds,*2%¢ all contributing to the fine-
tuning of the optical and electronic properties in this unique
class of chiral 7-extended materials."!] Recent reports by Martin
et al. has demonstrated catalytic enantioselective methods for
synthesizing helicene-based nanographenes with outstanding
enantiopurity and enhanced circularly polarized luminescence
(CPL) performance, marking a key step forward in creating scal-
able chiral optoelectronic materialsl®’8] Despite these advances,
systematic investigations into how r-extension from the back-
bone of HBNGs affects their chiroptical properties remain lim-
ited, largely due to the complexity of precursors and the nar-
row scope of applicable reactions. Consequently, challenges per-
sist in developing bilayer nanographene systems with diverse
functionalities. Therefore, a synthetic approach that enables ef-
ficient construction of a wide variety of backbone z-extended
HBNGs from readily accessible building blocks is highly
desirable.

Adv. Optical Mater. 2026, 02564 €02564 (2 of 9)

Herein, we report the synthesis of [7]helicene bilayer
nanographenes ([7JHBNGs) functionalized with dimethoxy
(1), diketone (2), methoxyphenazine (3), dibromophenazine (4),
and phenazine (5) (Figure 1 and Scheme 1) functional moieties.
All these [7JHBNGs were derived from a methoxyphenanthrene
precursor, namely 9,10-dimethoxy-3,6-bis(4’,5",6’-triphenyl-
[1,1:2’,1”-terphenyl]-3’-yl) phenanthrene (S3), in a single or
two-step reaction. The use of S3 enables bay-functionalization
of [7JHBNGs through a bottom-up synthesis approach and pro-
vides diverse functionality to the target helical structures. This
modular, convergent route facilitates late-stage functional tuning
of bay-substituted HBNGs from a single scalable scaffold, in
contrast to the multiple separate synthetic campaigns required in
earlier reports. For example, methoxy groups enhance solubility
and electron-donating character, diketone units serve as reactive
handles**%% for further modification,*’! and phenazine groups
introduce redox-active centers!*!*?] as well as further r-extension
through bay-position. These tailored functional groups, when
incorporated into bilayer architectures, enable precise tuning

© 2026 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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Scheme 1. Synthesis scheme of functionalized helical bilayer nanographenes (1-5); (a) 1-(tert-butyl)-4-ethynylbenzene, Et; N:Toluene(1:5), Pd(PPhs),,
PPhs, Cul, 80 °C, 15 h, yield 85%,; (b) 2,3,4,5-tetrakis (4-(tert-butyl) phenyl)cyclopenta-2,4-diene-1-one, diphenyl ether, Microwave reactor 150 W, 260 °C,
90 min, yield 60%; (c) DDQ, DCM, TfOH, —10 °C, 90 min, yield 31% for 1 and 35% for 2 respectively; (d) AcOH, 4,5-dimethoxybenzene-1,2-diamine,
100 °C, 12 h, yield 65% for 3, AcOH, 4,5-dibromobenzene-1,2-diamine, 100 °C, 12 h, yield 71% for 4, AcOH, benzene-1,2-diamine, 100 °C, 12 h, yield
88% for 5. R: tert-butyl; DDQ: 2,3-dichloro-5,6- dicyano-1,4-benzoquinone; TfOH: trifluoromethanesulfonic acid; DCM: dichloromethane; AcOH: acetic

acid.

of optical properties as confirmed by a significant shift in flu-
orescence spectra and up to 55% fluorescence quantum yield.
Through synthetic methodologies, crystallographic studies,
spectroscopic characterization, and computational modelling,
this work establishes these [7JHBNGs as advanced CPL-active
materials for prospective chiroptical applications.

2. Results and Discussion

Compound 2, a diketone-functionalized nanographene, was
synthesized through a three-step procedure (Scheme 1). First,
Sonogashira coupling reaction between 3,6-dibromo-9,10-
dimethoxyphenanthrene (S1) and 1-(tert-butyl)-4-ethynylbenzene
yielded compound S2, 3,6-bis((4-(tert-butyl) phenyl) ethynyl)-
9,10-dimethoxyphenanthrene in 85% yield. In the second step,
a two-fold Diels—Alder reaction on S2 with 2,3,4,5-tetrakis(4-
(tert-butyl) phenyl) cyclopenta-2,4-dien-1-one produced the
methoxy-substituted phenylene precursor (S3) in 60% yield after
column chromatography purification on silica gel.
Subsequently, a Scholl-type cyclodehydrogenation reaction
was carried out using DDQ as the oxidant, triflic acid (TfOH)
as the Brensted acid, and dry DCM as the reaction solvent. The
reaction was conducted at —10 °C for 60 min to afford a mix-
ture of compound (1) and compound (2) in 31% and 35% yield,
respectively. Extending the reaction time to 100 min and allow-
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ing the temperature to reach 0 °C resulted in an increased yield
of compound 2 (60%), while the yield of compound 1 signifi-
cantly decreased (~5%). These observations suggest that under
DDQ/acidic conditions, in situ demethylation of the methoxy
groups in 1 occurred, followed by further oxidation to yield
compound 2. Notably, the resulting diketo derivatives can the-
oretically be reverted to their methoxy precursors by reductive
methylation, as demonstrated previously on related polycyclic
aromatic hydrocarbons, although this transformation was not
performed on the compounds reported herein.[**] Finally, com-
pound 2 was reacted with 4,5-dimethoxybenzene-1,2-diamine,
4,5-dibromobenzene-1,2-diamine, and benzene-1,2-diamine in
the presence of acetic acid to afford compound 3 (yield 65%),
compound 4 (yield 71%), and compound 5 (yield 88%), respec-
tively, in moderate to high yields.

Hence, acid-promoted condensation of helicene diketone
with various aromatic diamines proceeds efficiently under mild
conditions, enabling modular access to phenazine-fused he-
licenes with diverse substituents. This cyclocondensation strat-
egy may be conceptually extended to the construction of macro-
cyclic architectures, potentially enabling donor-acceptor systems,
nanohoops, nanohoop dimers, and nanobelts, though specific
applications would require further investigation.l*!] Particularly,
recent reports have demonstrated a broad substrate scope, with
yields ranging from moderate to high using sterically hindered,
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Figure 2. Single-crystal analysis of helical bilayer nanographene molecules 1, 2, and 5. (a—c) Top view of the crystal structures compound (1) and
compound (2) and compound (5); (d—f) Side view of the crystal structures showing distance of centroid of rings A and G (helical pitch, dpg) and inner
torsional angles between rings A to G; (g—i) Dihedral angle between the two planes (8 5g) of the terminal rings A and G; Solvent molecules, tert-butyl
groups and hydrogen atoms on the single crystal structures are omitted for clarity.

electron-rich, and electron-deficient diamines under standard
acidic conditions.3?4]

Beyond condensation chemistry, helicene diketones have also
been shown to undergo [4+2] photocycloaddition reactions with
dienophiles such as 2,3-dimethylbut-2-ene, furnishing dioxane-
fused helical nanographenes.[*! This alternative approach offers
a complementary route to incorporate dioxane functionality on
the bay-position of the helical nanographene system. Addition-
ally, the dibromo functionality of 4 serves as a multipurpose syn-
thetic handle for z-extension through C-C coupling reactions,!*’!
facilitating access to diverse supramolecular systems as well as
N-rich helical molecules that are currently under active investi-
gation in our research group.

Synthesized compounds were unambiguously characterized
using 'H, C nuclear magnetic resonance (NMR) spectroscopy,
high-resolution mass spectrometry analysis, and matrix-assisted
laser desorption/ionization mass spectrometry (MALDI-TOF
MS), as well as other spectroscopic characterization (see support-
ing information). Chemical structures of compounds 1, 2, and 5
were conclusively validated by single-crystal X-ray diffraction (SC-
XRD) analysis (Figure 2). Racemic crystals of 1 were obtained by
slow evaporation of a chlorobenzene solution at room tempera-
ture, crystals of 2 were successfully grown from a 1:1 hexane—

Adv. Optical Mater. 2026, 02564 €02564 (4 of 9)

dichloromethane mixture, while a chloroform-methanol mixture
was employed for crystallizing compound 5. In contrast, crystals
of compound 3 exhibited poor diffraction quality and could not
be resolved.
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Figure 3. Normalized UV-vis absorption spectra (solid curves) and fluo-
rescence spectra (dotted curves) of 1=3 in chloroform solutions (~107>
M) at room temperature.
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Figure 4. Cyclic voltammetry (solid curves) and differential pulse voltammetry (dotted curves) of 1, 2, and 3 in DCM (vs Fc+ /Fc, Fc = ferrocene),
containing 0.1 M AND of tetrabutylammonium hexafluorophosphate (nBu,NPF;) at a scan rate of 100 mVs~! at room temperature. (Glassy carbon,
silver wire, and Pt wire were used as the working electrode, the pseudo-reference electrode, and the counter electrode, respectively).

Compound 1 crystallized in a centrosymmetric monoclinic
space group P2, /n, whereas compound 2 crystallized similarly
to compound 5 in the centrosymmetric triclinic space group P-
1. The SC-XRD analysis revealed helical layered structures for
1 (Figure 2a,d,g), 2 (Figure 2b,eh), and 5 (Figure 2cfi), with
both enantiomers (P/M) present in a 1:1 ratio within the crystal
packing (Figures S5,S8, and S11, Supporting Information). In-
terestingly, two distinct packing arrangements were observed for
compound 1 within the unit cell (Figure S4, Supporting Informa-
tion), attributed to the presence of rotational isomers of (P)-1 and
(M)-1 enantiomers. This was further supported by intermolecu-
lar z—z stacking interactions between the P- and M-enantiomers
and their respective rotational isomers, giving rise to an alternat-
ing AB-type packing pattern. Notably, the interlayer distance be-
tween the two rotational isomers remained consistent at 3.56 A
(Figure S5, Supporting Information). In contrast, compounds 2
and 5 displayed an AA-type packing motif.

In compound 1, the two HBC layers linked by a [7] helicene
unit display an interlayer distance of 4.27 A, measured between
the centroids of the terminal A and G rings (Figure 2d). Com-
pound 2 shows a slightly shorter distance of 4.15 A (Figure 2e),
while compound 5 has the shortest interlayer separation at 3.54
A (Figure 2f). These changes in interlayer distance correlate with
the interplanar dihedral angle (0,¢) between the two HBC lay-
ers, calculated from the planes defined by the A and G rings,
which decrease progressively from 46.83° (1) to 39.15° (2) and
15.37° (5) (Figure 2g—i). This decreasing 6, is a cumulative ef-
fect of increasing molecular planarity due to the substituent ef-
fect and attractive dispersion forces due to z-extension in the he-
lical framework, as previously also reported by Yusuke et al.[*?]
The phenazine backbone further extends the z-conjugation, and
its flat geometry reduces the interhelical twist. This enforces a
more planar structure, which stabilizes face-to-face z—r interac-
tions and leads to the observed shorter interlayer distance. Thus,
the incorporation of phenazine directly controls the solid-state
packing, leading to stronger interhelical interactions.

During our study on phenazine derivatives, compound 5 was
reported by Dongre et al.[?*)] using a slightly different synthe-
sis approach, where they conducted cyclodehydrogenation of
polyphenylene precursor after phenazine formation. Surpris-
ingly, SC-XRD analysis of our compound 5 displayed a signifi-
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cant difference in unit cell parameters, helical pitch, and dihe-
dral angles in comparison to the reported structure. Specifically,
the interplanar angle (6,¢) in our structure is 15.37°, compared
to 18.09° in the reported structure,!?)! while the terminal ring
separation (helical pitch, d,.) is reduced to 3.54 A from 3.62 A
(Figure 2i). While comparing, our crystal of 5 exhibited the same
centrosymmetric triclinic space group P-1 as reported crystals!?*!
but different unit cell parameters, revealing polymorphism with
altered twist angles.

The observed polymorphism between our structure and the
previously reported one likely originates from the different crys-
tallization solvents employed. While Dongre et al.l?! used a
dichloromethane/n-hexane (1:2) mixture, we obtained single
crystals from a chloroform/methanol (1:1) system. This solvent
change facilitated the formation of a polymorph with a reduced
interplanar dihedral angle (6,¢) and shorter z-stacking distance,
underscoring the significant influence of crystallization condi-
tions on the final solid-state structure. This reduction in the 6,
directly influences the molecular geometry and is expected to cor-
respondingly alter the angle between the electric (u.) and mag-
netic (u,,) transition dipole moments, which governs chiroptical
activity and radiative decay pathways in the solid state.

The optical properties of helical bilayer nanographenes 1 to
3 were systematically examined using UV-vis absorption and
fluorescence spectroscopy in anhydrous chloroform solutions
(Figure 3). The absorption spectrum of 1 exhibited a broad, un-
structured band in the UV region 4,,, at 374 nm, along with ex-
tended shoulder bands in the visible region at 434 and 529 nm,
with an absorption onset wavelength around 580 nm. In the case
of compound 2, broad absorption up to 800 nm was recorded
in contrast to the ~620 nm onset observed for the 7-diketo
helicene.*! This notable 180 nm red shift is attributed to the
extended z-conjugation introduced by the bilayer nanographene
framework. The broad peak from 500 to 800 nm is assigned to
HOMO-LUMO transition (f = 0.59053) as well as attributed to
charge transfer transition (Table S6, Supporting Information).
The introduction of a dimethoxy phenazine moiety in compound
3 led to a pronounced absorption peak intensity (4,,, = 375
nm) extended into the visible region, with an onset wavelength
around 600 nm. According to TD-DFT calculations, the S, —
S, excitations for compounds 1 to 3 occur at 450, 451, and

© 2026 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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Figure 5. Electronic circular dichroism spectra of (P)-1 and (M)-1 (a); (P)-2 and (M)-2 (c), and (P)-3 and (M)-3 (e). Circularly polarized luminescence

spectra of (P)-1 and (M)-1 (b); (P)-2 and (M)-2 (d), and (P)-3 and (M)-3 (f).

498 nm, respectively (Tables S6-S8 and Figure S27, Supporting
Information).

Compound 2 exhibited weak fluorescence, with an emission
maximum (4,,,) at 633 nm. This is in contrast to compounds
1 and 3, which showed more intense emission peaks with A,

Adv. Optical Mater. 2026, 02564 €02564 (6 of 9)

at 572 nm and 606 nm, respectively. Notably, compounds 1 and
3 exhibited a shoulder peak around 617 nm. These values are
red-shifted when compared to non-functionalized 7-helical bi-
layer nanographene (Table S4, Supporting Information, Entry 2)
reported by Feng et al.**! Moreover, the emission bands of
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Table 1. Comparison of optical and chiroptical parameters of compound 1-3, (P)-1, c= 0.48x10~> M, b) (P)-2, c= 1.95x10™> M, (c) (P)-3, c=0.67x107>

M, respectively, in chloroform.

S-S, transition?

HBNG @ 8abs [107°] 8lum [107°] Bepl M~".cm™] lte| 10718 (esu.cm) | f| 10720 0 [deg] [81um leal. [107°]
lerg.G™]

(P)-1 0.40 6.4 7.1 110 4.74 3.44 75.45° 7.3

(P)-2 0.02 4.2 2.5 1.0 4.35 0.98 93.80° 0.5

(P)-3 0.55 3.5 1.4 319 3.65 2.51 85.36° 3.5

? Calculated by TD-DFT at the CAM-b3lyp/def2TZVP level of theory.

functionalized HBNGs are considerably broader. This
bathochromic shift and spectral broadening reflect the extended
z-conjugation and altered electronic environments introduced
by the substituents, which effectively narrow the HOMO-LUMO
gap and modulate the emission properties. When comparing
the emission bands for Phena-series, 4 displayed the most red-
shifted band when compared to 3 and 5 (Figure S15, Supporting
Information). Fluorescence lifetime decay measurements were
carried out at room temperature, examined in anhydrous DCM
solutions with pulsed 401 nm laser light (Figure S16 and
Table S2, Supporting Information) to provide insights into the
excited-state dynamics. The average fluorescence lifetimes for
the racemic mixtures of helical nanographenes were determined
to be 8.2 ns for 1, 4.9 ns for 2, and 10 ns for 3. Fluorescence
quantum yield (®;) measurements in anhydrous chloroform
further highlighted the influence of functional groups, with
values of 40.2% for 1, 2.0% for 2, and 55.0% for 3. Among the
series, 3 shows the highest quantum yield due to dominant
radiative decay, making it the most efficient fluorophore. In
contrast, 2 has a very low quantum yield because non-radiative
decay dominates. The presence of electron-donating dimethoxy
groups in 3 leads to a higher quantum yield and better fluores-
cence lifetimes compared to previously reported systems such
as phenazine-[7]helicene and biphenyl-[7Thelicene/?}! (Table S4,
Supporting Information, Entries 15 and 16).

The electrochemical properties of 1-3 were studied by cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) in
anhydrous DCM. Compound 1 exhibited two reversible oxidation
waves at 0.46 and 0.76 V, while 2 showed reversible oxidations
at 0.69 and 0.92 V. Compound 3 displayed two quasi-reversible
oxidation waves at 0.43 and 0.63 V (all potentials vs. Fc*/Fc;
Figure 4). These values are notably lower than those of hexa-tert-
butyl hexabenzocoronene (HBC), which have oxidation waves at
1.06 and 1.34 V vs Fc+/Fc, indicating easier oxidation.®*! The
first oxidation potential (E,1) follows the order: compound (3)
(0.43 V) < compound (1) (0.46 V) < compound (2) (0.69 V). In-
terestingly, this trend differs slightly from expectations based on
z-conjugation extension and electronic nature, as compound (1)
was anticipated to have the lowest potential due to its electron-
rich helical backbone. The variation suggests that greater z—=
overlapping between layers lowers oxidation potentials, consis-
tent with earlier reports.[?23’] Bilayer graphene exhibits unique
electronic properties based on layer positions and shows mixed
valence effects related to layer overlap. In our case, the rigid
phenazine backbone likely reduces interhelical twist/pitch and
increases z—x overlapping of the HBC layers, as seen in crys-
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tal structures of similar compounds like compound (5). This sta-
bilizes the radical cation and dication species (E. 1 and E_2),
enhancing interactions between the graphitized layers. (Figures
S17-S19, Supporting Information).

The chiral resolution of the racemic compounds, 1-3, into their
respective enantiomerically pure (P/M) isomers was achieved us-
ing Lux 5 um i-Amylose-3, LC Column 250 x 21.2 mm, and an
isocratic mobile phase of n-hexane/DCM mixture at room tem-
perature. After resolution (Figures S20-S22, Supporting Infor-
mation), the chiroptical properties were studied (Figure 5; Figure
S23, Supporting Information). The electronic circular dichroism
(ECD) response was measured, and both enantiomers of three
nanographenes displayed mirror images with several opposite
Cotton effects in the UV-vis region.

The ECD spectrum of (M)-1 exhibits three major negative Cot-
ton effect bands at 307, 372, and 518 nm, along with two positive
bands at 340 and 435 nm. In contrast, (M)-2 shows two domi-
nant negative Cotton effects at 303 nm and 497 nm, and weaker
positive bands at 409 and 675 nm. Similarly, (P)-3 displays two
major positive bands at 311 and 507 nm, with a negative Cotton
effect at 419 nm. The absolute configurations were assigned by
comparing the experimental ECD spectra to TD-DFT-calculated
spectra (Figures S24—S26, Supporting Information). The maxi-
mum molar circular dichroism (Ae,, ) values were observed as
86 M~lem™! for 1 at 372 nm, 29 M~'cm™ for 2 at 492 nm, and
87 M~lem™! for 3 at 359 nm. Additionally, the maximum absorp-
tion dissymmetry factors (|g,ps|max) Were observed at 518 nm (6.4
x 107%), 497 nm (4.2 X 10~%), and 508 nm (3.5 x 10~3) for (P)- 1,
2, and 3 (Figure 5, Table 1; Table S5, Supporting Information).

The CPL spectra of enantiomeric compounds 1-3 were
also measured in chloroform, showing significant g, values
(Figure 5, Table 1; Table S5, Supporting Information). We note
that in compounds 2 and 3, the absolute g, values were greater
for the (M) enantiomers than for the (P) enantiomers, whereas
in compound 1, the (P) enantiomer exhibited higher values than
the (M) enantiomer. This variation is likely due to differences in
enantiomeric purity (Figures S20-S22, Supporting Information).

For practical applications of CPL, achieving a high g;,..., high
®; and a large molar extinction coeflicient (¢) is essential. To as-
sess the overall performance of CPL-active materials, the CPL
brightness (Bcp;), defined as Bqp = (6 X @ X g,m)/2, has
been proposed.[*!l However, developing high-performance heli-
cal molecular chromophores with excellent B, values remains
challenging, as maximizing ®; and g, simultaneously is in-
herently difficult due to their theoretical trade-off.’?) Among
the compounds 1-3, the strong ¢ and high ®; obtained for

© 2026 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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IUsl = 4.74 x 108 esu.cm
Uyl = 3.44 x 1020 erg/G
0 =75.45° g, =7.3x 103

|uel = 4.35 x 10-'8 esu.cm
Uyl =9.76 x 102! erg/G
6 = 93.80°, g, = 5.6 x 104

IUel = 3.65 x 1018 esu.cm
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Figure 6. (a—c) Transition dipole moments for compounds 1-3 corresponding to the S,, — S; electronic transition. Electric transition dipole moments
(1) are depicted in red, and magnetic transition dipole moments (u,,) are shown in blue. The angle 6 between the electric and magnetic dipole moment
vectors determines the magnitude of the calculated dissymmetry factor according to the expression g =4 cos 6 X | |/|1el-

compounds 1 and 3 resulted in significant CPL brightness. Esti-
mated B, values were 110 M~! cm™ for (P)-1, 1.0 M~ cm™ for
(P)-2, and 31.9 M~! cm™! for (P)-3 (Table 1; Table S5, Supporting
Information), and the high number shown by (P)-1 shows its im-
portance in the CPL emitters. To the best of our knowledge, (P)-1
exhibits one of the highest B, reported to date among 7-helical
bilayer nanographenes (Table S4, Supporting Information).
Time-dependent density functional theory (TD-DFT) calcula-
tions were conducted to better understand the link between the
molecular structure and chiroptical properties of compounds 1-3.
The computational results indicate that the CD response exhibit-
ing the highest g,  is attributable to the S, — S, electronic transi-
tion. Figure 6a—c presents the computed electric transition dipole
moments (u,), magnetic transition dipole moments (), and the
angle between them (). The calculation g = 4 cos X |u,,|/|u.| in-
dicates that the angle 6 is essential in ascertaining the magnitude
of the g-factor. These calculations indicate that compound (1)
possesses the highest |u,|/|u.| ratio and the lowest 6 value,
yielding the largest computed g-factor among the three com-
pounds. The computed prediction aligns well with the exper-
imental findings. Conversely, the 6 values incrementally rise
from compound (1) to compound (2) to compound (3), result-
ing in a systematic reduction in cosf and, therefore, diminished
g-factors (Figure 6a—c). The computed dissymmetry factors for
compounds 1, 2, and 3 are 7.3 x 1073, 5.6 x 107*, and 3.5 x
1073, respectively, demonstrating strong concordance with ex-
perimental values, except for 2. The AICD plot>}! (Figure S28,
Supporting Information) offers substantial support for the aro-
matic nature of all compounds 1-3. A robust, persistent diat-
ropic (counter-clockwise) ring current, represented by green vec-
tor arrows, is identified as delocalized throughout each layer of
nanographene. The continuous current flow validates the local
aromaticity of the individual rings and the global aromaticity of
the extensive z-conjugated helicene bilayer nanographene.l>*!

3. Conclusion

In summary, we have developed a versatile and modular syn-
thetic approach to a new class of bay-functionalized [7]helicene
bilayer nanographenes. By strategically incorporating methoxy,
diketone, and methoxyphenazine substituents, we demonstrated
precise control over their structural, photophysical, electrochem-
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ical, and chiroptical properties. Our detailed investigations, in-
cluding single-crystal X-ray diffraction, revealed how these func-
tional groups influence interlayer interactions and molecular ge-
ometry. Notably, optical studies showed a significant red shift
in emission and enhanced fluorescence quantum yields (up to
55%), alongside extended fluorescence lifetimes (up to 10 ns)
for the methoxyphenazine derivative. Electrochemical analysis
highlighted a tunable HOMO-LUMO gap, while chiroptical mea-
surements confirmed robust electronic circular dichroism and
exceptional circularly polarized luminescence activity, with CPL
brightness values reaching an impressive 110 M~! cm™!. These
findings collectively establish bay-functionalized [7JHBNGs as
a highly promising and tunable platform for the rational de-
sign of next-generation optoelectronic and chiral photonic ma-
terials. Looking ahead, we recognize the need for more scal-
able and device-oriented chiral materials. In this context, future
work will focus on developing enantioselective synthetic strate-
gies to access single-handed [7JHBNGs without chiral resolution
on HPLC.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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