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a b s t r a c t

A novel thia[8]helicene (BN[8]H) with B,N heteroatoms incorporated in the molecular skeleton was syn-

thesized via Suzuki coupling reaction and intramolecular direct electrophilic C–H borylation. Its helical

structure was confirmed by X-ray crystal analysis. Enantiomers BN[8]H showed the interesting responses

to fluoride ion stimulation with novel sign inversion of electronic circular dichroism (ECD) and circularly

polarized luminescence (CPL). TD-DFT calculations revealed that the fluoride ions significant influence the

transition dipole moments and θu,m, resulting in circularly polarized luminescence reversal.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Organic molecules with circularly polarized luminescence (CPL)

[1–3] have attracted significant research interest due to their

potential applications in a variety of fields, including anti-

counterfeiting, bioimaging and optical sensing [4–9]. External stim-

uli such as solvents, temperature, photons, and ions induced sign

inversion of CPL in chiral systems can significantly increase the

convenience of CPL materials [10–17]. Current strategies to control

the sign inversion of CPL commonly focus on supramolecules sys-

tems, chiral small molecule species, liquid crystals and metal com-

plexes [18–27]. However, at the molecular level, it is still a great

challenge for switching the CPL sign to a given enantiomer with-

out any chemical modification.

Recently, helicenes [28–33], defined as ortho-fused polycyclic

aromatic compounds with helical molecular structures and in-

herent helical chirality, have considered as ideal candidates as

CPL handedness switching materials due to their modifiability

of the molecular skeleton and tunability of photo-physical and

chiro-optical properties. For instance, combine helicenes with rigid

twistacenes [34], motor-helicene hybrid system [35], oxidation or

enhanced ICT modulation [36], combine helicene with responsive

luminophore [37], change in the peripheral substituent of helicene
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[38], and heterohelicenes [39]. Among them, heteroaromatic he-

licenes showed impressive CPL response, especially the doping

with neighboring boron–nitrogen (BN) units in helicene skeleton.

Boron–nitrogen atoms, on the one hand, can endow helicenes with

delocalized electronic structures, well-tunable excited-state pho-

tophysical properties, enhance their fluorescence quantum yield,

and regulate half-maximum [40–46]. On the other hand, incorpo-

rating boron–nitrogen atoms into the appropriate positions in he-

licenes could also adjust the electric (μ) and magnetic (m) tran-

sition dipole moments to possibly change the θu,m and improve

the luminescence dissymmetry factors (glum) values [47–49]. How-

ever, incorporating BN units into the skeleton of helicenes with CPL

handedness switching still remains unexplored.

Herein, we report a facile and efficient synthesis of

thia[8]helicene (BN[8]H) with BN unit and dithieno[2,3-b:3′,2′-
d]thiophene (DTT) moiety [50]. Notably, BN[8]H exhibits moderate

photoluminescence quantum yield and strong chiroptical proper-

ties. In addition, the novel sign inversion of both ECD and CPL were

observed by adding certain amounts of tetra-n-butylammonium

fluoride and boron trifluoride diethyl etherate. The theoretical

calculation results show that the dipole moments and their angles

of the magnetic and electric transitions of BN[8]H are changed by

the addition of fluoride ions. This study establishes a new strategy

to efficiently and conveniently adjust the handedness and intensity

of CPL of helicenes, which may provide a universal platform for
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Scheme 1. Synthetic route to BN[8]H.

Fig. 1. (a) Molecular structures of BN[8]H. Solvent molecules were omitted for clar-

ity for rac-BN[8]H. (b) showing S���S and S���H interactions, (c) a dimer of (P)-

BN[8]H with one complementary B···B interaction (d) crystal packings.

future construction of helicenes based CPL-active smart materials

and devices with promising application potentials.

The synthetic route to BN[8]H is shown in Scheme 1. The car-

bazole precursor DTT-Cbz was synthesized via a Suzuki coupling

reaction with 3–bromo-dithieno[2,3-b:3′,2′-d]thiophene (DTT-Br)

[51] and readily available borylated carbazole derivative in an ex-

cellent isolated yield up to 85%. Introduction of boron atoms to the

molecular structure by using boron tribromide as the boron source

with triethylamine as the additive in o-dichlorobenzene (o-DCB) at

180 °C was achieved to produce BN[8]H in 78% yield in gram scale.

Standard spectroscopic techniques (proton nuclear magnetic reso-

nance 1H NMR, 13C NMR, and high-resolution mass spectrometry-

electrospray ionization mass spectrometry) of above compounds

are shown in Supporting information.

The single crystal of rac-BN[8]H was obtained by slow evapora-

tion in chloroform/methanol (3:1, v/v) solutions and characterized

by single crystal X-ray diffraction analysis. Rac-BN[8]H belongs to

monoclinic space group C12/C2. As shown in Fig. 1, the crystal

structure of BN[8]H shows that two B,N-fused six-membered rings

embedded in the center of helicene and displays a helical skele-

ton due to the steric hindrance from the terminal thiophene rings.

The formation of B,N-hexagons results in smaller dihedral angle

(40.96°, ring A and ring H) with shorter distance (3.12 Å, C14···C20)
of thiophene rings, and the B–N bond lengths is 1.417 Å (Fig. S18

in Supporting information). In the crystal packing of rac-BN[8]H,

two homochiral molecules form a dimer with an intermolecular

distance of 3.88 Å (B···B) (Fig. 1c). There are multiple intermolecu-

lar interactions among the surrounding molecules from the neigh-

boring unit cells. These included S1···S2: 3.30 Å, S2···S3: 3.60 Å,

S6···H35B: 2.87 Å and S6···C35: 3.10 Å (Fig. 1b), resulting in the rac-

BN[8]H crystal composed of P and M configurations with a ratio

of 1:1, two kinds of dimers are in-volved and embedded to each

other in the assembly columns, forming a two dimensional (2D)

supramolecular sheet framework (Fig. 1d). The details of crystal

structures and intra-molecular interactions in crystals are shown in

Fig. S22 (Supporting information), and the crystal parameters are

listed in Tables S7 (Supporting information).

The UV–vis absorption spectra of BN[8]H in CH2Cl2 exhibit low-

est energy absorption bands corresponding to S0 → S1 transitions

at 410 and 392nm, followed by two stronger bands at 330nm

and 268nm, respectively. Time-dependent density functional the-

ory (TD-DFT) calculations at the B3LYP/6–31G (solvent CH2Cl2)

level of theory indicate that the lowest-energy absorption band is

a superposition of two transitions (oscillator strengths f of 0.26

and 0.32) corresponding primarily to the HOMO to LUMO transi-

tion (Table S1 and Fig. S7 in Supporting information), where the

HOMO is delocalized over the whole molecule, while the LUMO

is predominantly confined to the carbazole moieties and BN-rings

(Fig. S8 in Supporting information). The fluorescence maxima are

positioned at 465, 461 and 467nm in CH2Cl2, MeOH and MeCN, re-

spectively (Fig. S9 in Supporting information). And the fluorescence

quantum yield of BN[8]H is 1.89% (Fig. S10a in Supporting infor-

mation). Thus, BN[8]H basically shows a very weak solvatochromic

effect.

Due to the empty orbital on the boron atom, BN[8]H is able

to bond with Lewis bases and therefore changed its photoelec-

tric properties. However, even by adding 6.0 equiv. tetrabuty-

lammonium salts of Cl-, Br-, I-, ClO4
- and PF6

- to a THF solu-

tion of BN[8]H, their solution UV–vis is and fluorescence spectra

were basically unchanged (Fig. S11 in Supporting information). In-

terestingly, upon the addition of tetra-n-butylammonium fluoride

(TBAF), an obvious absorption peak appeared at 424nm and the

fluorescence emission peak gradually shifted to 436nm and the in-

tensity increased significantly. The color of the solution changed

from green to yellow, while the fluorescence quantum yield in-

creased up to 12.31% (Fig. S10b in Supporting information). The

complexation constant and detection limit for TABF of BN[8]H cal-

culated to be 1.05×104 L/mol and 26nmol/L (Figs. S12 and 13

in Supporting information), respectively. The experimental results

prove that BN[8]H has the potential application in the fields of

sensors, smart materials and stimulus-responsive materials. When

boron trifluoride diethyl etherate was added to the solution above,

the UV–vis and fluorescence spectra reverted back (Fig. S14 in Sup-

porting information), indicating that the coordination between flu-

orine and boron was reversible and can be cycled several times.

The responsiveness of BN[8]H to fluoride ions is attributed to the

high electronegativity, small atomic radius, and low energy state

of fluoride ions, which enable them to match the energy level of

boron’s vacant orbital to form a stable complex with a tetrahedral

geometry [52,53]. To gain further insight into the reason for the

formation of B-F complexes, we performed DFT calculations on the

B3LYP/6–31G(d,p) level. As shown in Table S3 (Supporting informa-

tion), the Mayer bond order of B-F bond is 1.06, which is indica-

tive of a strong interaction between boron and fluoride. However,

the Mayer bond order of B-Cl bond only is 0.09, it is proved that

chloride ions are difficult to form stable complexes with boron.

To further prove the coordination between fluorine and boron,

the 1H NMR titration experiments were performed before and af-

ter the addition of TABF in BN[8]H. As shown in Fig. 2c, when an

excess of fluoride ion (6.0 equiv.) was added to ensure a complete

reaction, the chemical shift of proton changed obviously, indicat-

ing that the 3-coordinated boron was converted to a 4-coordinated

one.

We also got the single crystals of fluorinated complex with the

tetracoordinated boron atom. As shown Fig. S19 (Supporting in-

formation), rac-BN[8]H-F belongs to monoclinic space group P-1.

The titration of fluoride caused a significant change of the helical
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Fig. 2. Titration experiments of BN[8]H in THF solution with TBAF, measured by (a)

UV–vis and (b) fluorescence spectra. Inset: photos showing fluorescence of BN[8]H

and BN[8]H-F. (c) Partial 1H NMR spectra of BN[8]H, with different equivalents of

TABF (CDCl3, 400MHz, 298K).

skeleton of BN[8]H, the lengths of the B–N bond and B–C bonds

increased after coordination with fluoride, from 1.417, 1.544, and

1.561 Å to 1.531, 1.642, and 1.623 Å (Fig. S19), respectively. The di-

hedral angle (ring A’ and ring B’) and the distance of C27···C35
increases to 60.77° and 3.37 Å (Fig. S20 in Supporting informa-

tion), respectively. In the packing diagram, tetrabutylammonium

ions are uniformly dispersed in 2D supramolecular sheet frame-

work of BN[8]H-F and broken the intermolecular B···B interactions.

The homochiral isomers stack along the a-axis through multiple

intermolecular interactions (F···H, F···C, S···H, C···H, and H···H) and

the heterochiral molecules are stacked along the c-axis through in-

termolecular S···S interactions (Fig. S21 in Supporting information).

The details of crystal structures are shown in Fig. S23 (Support-

ing information), and the crystal parameters are listed in Table S8

(Supporting information).

The chiral resolutions of BN[8]H was successfully resolved by

chiral HPLC (Fig. S15 in Supporting information). The optical ro-

tations of (+)-BN[8]H, [α]25
D

=+1864° (c=0.95mg/mL in DCM)

and (-)-BN[8]H, [α]25
D

= −1875° (c=0.96mg/mL in DCM) were ob-

served, respectively. The CD and CPL spectra of the enantiomers

of BN[8]H are depicted in Fig. 3. CD were measured in DCM at

room temperature. Enantiomerically pure BN[8]H exhibit obvious

Cotton effects in the range from 250nm to 450nm, with the max-

imum positive Cotton effects at 271nm, respectively, with perfect

mirror-image profiles in the CD spectra (Fig. 3a). The CPL spectra of

(+)-BN[8]H and (-)-BN[8]H showed perfect mirror image (Fig. 3b).

The luminescence dissymmetry factors glum were 6.2×10–3 and

−6.5×10–3. Surprisingly, under TABF treatment, the ECD signs sig-

nificant inverted and a new strong band emerged around 374nm,

corresponding to the peak of UV–vis spectra. The CPL spectrum

of BN[8]H-F showed an inversion with a slight decrease in sig-

nal intensity and glum (−5.1×10–4 and 5.3×10–4) (Fig. 4d, Figs.

S16 and S17 in Supporting information). These experimental results

prove the formation of BN[8]H-F. Although this glum value is lower

than those observed in some supramolecular systems [54,55], liq-

uid crystal systems [25–27] and other π-extended or multiple he-

licenes [47,48], but it remains at an intermediate level among

small-molecule helicene systems. Importantly, we present a strat-

egy for achieving chiral inversion using simple ionic stimuli, of-

fering a novel design approach for chiral inversion and stimuli-

responsive materials. Upon adding BF3·Et2O to the BN[8]H-F so-

lution, the CD and CPL signals reverted to the initial peak posi-

tion of BN[8]H (Figs. S16 and S17 in Supporting information), con-

Fig. 3. Chiroptical properties. CD (a) and CPL (b) spectra of enantiomers BN[8]H in

DCM. A pathway for the isomerization of (c) BN[8]H and (d) BN[8]H-F with relative

Gibbs free energy as calculated at the B3LYP/6–31G(d,p) level.

Fig. 4. Calculated electric transition dipole moment μ, magnetic transition dipole

moment m, their angle θu,m and luminescence dis-symmetry factor (glum,cal) at

S1 → S0 of (a) BN[8]H and (b) BN[8]H-F.

firming the dissociation of the fluoride-boron coordinate bond. The

dissymmetry factor (glum) for the CPL can be described using the

transition electronic dipole moment (μ), the transition magnetic

dipole moment (m), and the angle between the μ and m vectors

(θ ) according to glum =4|μ|·|m|cosθ /(|μ|2 + |m|2). The θ has a di-

rect impact on the CPL signal. Therefore, for a deeper understand-

ing of the mechanism of fluoride-induced ECD and CPL inversion of

BN[8]H. To ensure the accuracy of theoretical calculations, we eval-

uated the effects of multiple functionals on the glum of BN[8]H

(Tables S4-S6 in Supporting information). The final results indicate

that B3LYP/6–31G(d,p) is a more suitable functional for BN[8]H.

Time-dependent density functional theory (TD-DFT) (B3LYP(BJ)/6–

31G(d,P)-PCM) calculations were conducted, Fig. 4 presents the cal-

culated μ and m of BN[8]H and BN[8]H-F. The angle between the

two dipolemoments is 72.9° for BN[8]H and 101.3° for BN[8]H-F,

suggesting their opposite CPL signals, the calculated glum,cal values

were ±5.5×10–4, which agrees with the experimental results.

To evaluate the conformational stability, the racemization pro-

cess of BN[8]H and BN[8]H-F was estimated by DFT calculation at

the B3LYP/6–31G(d,p) level. As shown in Fig. 3c, the energy barrier

required for the transformation from (M)-BN[8]H to (P)-BN[8]H

was 39.2 kcal/mol. After treatment with TABF, the energy barrier

was increased to 47.5 kcal/mol. These experimental results suggest
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that BN[8]H and BN[8]H-F maintain stable chirality that is resis-

tant to flipping.

In summary, we have efficiently synthesized a new boron–

nitrogen infused heterohelicene, BN[8]H via Suzuki coupling and

intramolecular electrophilic arene borylation reactions. The heli-

cal structures of BN[8]H and BN[8]H-F were con-firmed by X-

ray single crystal analysis. Enantiomers BN[8]H showed a fluoride-

induced sign inversion of both ECD and CPL. TD-DFT calculations

revealed that the fluoride ions significant influence the transition

dipole moments and θu,m, resulting in CPL reversal. This study

establishes a new strategy to efficiently and conveniently adjust

the handedness and intensity of CPL of helicenes based on B,N-

embedded molecular system. We believe that this finding can help

providing a deep insight in regulating the chiroptical behaviors of

helicenes and highlighting the potential for integrated chiral elec-

tronics and photonics.
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