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INTRODUCTION

Helicenes are a class of polyaromatic compounds with ortho-fused benzene rings that have been studied for the past few decades due to their particularly intense (chir)optical and electronic properties, [1] which demonstrate their potential for applications in optoelectronics and other materials sciences. Along with circular dichroism, helicenes were found to exhibit circularly polarized photoluminescence or electrochemiluminescence. [2] In addition to the study of helicenes as monomers in solution, they were also applied in a solid phase as semiconductors, [3] electrosynthesized polymers, [3] or generally as active layers in electronic devices. [4] The applicability of helicenes can be further widened by modifying their structure, which results in a modulation of their properties, such as chiroptical and redox behavior, or improvement of their solubility (for an overview see, ref. [START_REF] Chen | Helicene Chemistry: From Synthesis to Applications[END_REF] ). The most typical ways to attach the functional group(s) include their introduction directly onto the helical skeleton or connection via a linker (Scheme 1A). This can be commonly achieved by electrophilic substitution, oxidation, C-H activation, or by transformations of reactive groups bound to helicenes. [START_REF] Jakubec | [END_REF] The direct connection of the functional group is typically accompanied by electron redistribution along the π-electron system with a subsequent change in helicene properties, while the use of linkers allows the functionality of the attached group to be kept separate from the helicene part. [START_REF] Jakubec | [END_REF] Similarly, building more complex helicene-based structures (Scheme 1B), such as oligomers/polymers or self-assembled systems can result in a significant change in their physico-chemical properties through conjugation, depending on the character of the linker or solvent. [7] The most dramatic changes in electronic structure can be expected by the introduction of heteroatom(s) into a helicene backbone, giving rise to heterohelicenes [START_REF] Chen | Helicene Chemistry: From Synthesis to Applications[END_REF]8] (Scheme 1C). An extension of the existing π-electron system (Scheme 1D) by various structural motifs (e.g. ref. [START_REF] Jakubec | [END_REF]9] ) can also lead to charge redistribution, and thus impact the final properties of the molecule and of the resulting polymeric or supramolecular assembly. Of the wide spectrum of possible functional groups that can be attached to the helical skeleton, those which originate from natural products or compounds of biological relevance are very rare. [1] Here, we chose a flavin (isoalloxazine) for incorporation into helicene. This compound is known to have properties that would be an attractive addition to those of helicenes, especially improving solubility in polar solvents, reversible redox behavior, and changing electronic and optical properties or its catalytic activity. [10] Based on the combination of synthetic approaches mentioned above (Schemes 1C and 1D), we prepared a new flavin-helicene hybrid, here denoted as flavo [7]helicene (1) (see Scheme 2) to study the impact of flavin substitution on the physico-chemical properties of helicene. It was first investigated by common structural tools and spectroscopic techniques. Secondly, the impact of the environment on the resulting properties of compound 1 was studied, i.e. aqueous solution, organic solvents, a lipidic cubic phase, polymeric thin film, and solid state. Moreover, the utilization of lipidic cubic phases (LCPs) for the loading of an inherently chiral molecule is presented here for the first time. The properties of the mesophase were characterized by smallangle X-ray scattering (SAXS) and cyclic voltammetry.

RESULTS AND DISCUSSION

Synthesis of 1 and separation of its enantiomers. Despite the fact that the synthesis of a similar flavin-helicene hybrid structure was published recently, [9] this study of targeted compound 1 (Scheme 2) is not only focused on its synthesis, but also presents a detailed study of its properties. In this case, the flavin part was directly conjugated to the periphery of the starting helicene, extending its -conjugated system.

Scheme 2. Synthesis of compound 1. The flavin part is red, the part forming the helicene is highlighted in light blue.

The synthesis of compound 1 was designed by following a general approach for forming an isoalloxazine moiety [11] from aminouracil and nitrosoaromates. Accordingly, 2-nitroso [6]helicene [12] was mixed with 6-methylamino-3-methyl uracil in carefully degassed glacial acetic acid under an inert atmosphere and heated to 100 °C overnight (Scheme 2).

Product 1 was isolated using column chromatography as a magenta solid in a 32% yield (for details see Experimental section). Despite the presence of two possible positions (C1 and C3, see the numbering in Scheme 2), where the cyclization may occur, only the product of cyclization at position C1 of the helicene was observed. This happened despite the increased steric hindrance at the C1 position, and consequently led to the extension of the helical part of the molecule to seven ortho-fused rings (in Scheme 2 in light blue). The structure was confirmed by X-ray analysis (for details, see the section on X-ray crystallography). The racemic 1 was subsequently resolved to (P)-and (M)-enantiomers using semi-preparative HPLC with the chiral stationary phase (for details, see Experimental section and Supplementary Information).

In compound 1, a significant interplay of the helicenes' chirality and flavin functionality can be expected as a consequence of the structural change. Among them, reversible redox activity is one of the most distinctive, thus the properties of compound 1 in both redox states (1 and 1-H 2 ) were first studied by in silico calculations.

DFT study. The introduction of flavin as a known reversible redox-active moiety into helicene 1 allowed for a more detailed electronic structure investigation. Both 1 and its expected twoelectron-reduced form 1-H 2 were chosen for DFT calculations (Scheme 3) analogous to those for known redox states of other flavin-derivatives. All calculations were performed at the B3LYP/6-31G(d) level of theory. There are strong differences between the electrostatic potentials of 1 and 1-H 2 , where the parent 'oxidized' form is more negatively charged at the flavin moiety (Scheme 3A). Strong electron delocalization of HOMO was found for 1 (similarly to [7]helicene 2; for details see Supporting Information), whereas for the 1-H 2 redox state, this orbital was predominantly localized on or around the flavin moiety. For LUMO orbitals, the observed trend was the opposite (Scheme 3B). The values -5.78 eV (HOMO) and -2.79 eV (LUMO) were found for 1, whereas for 1-H 2 shifts to -4.72 eV (HOMO) and -1.67 eV (LUMO) were observed, respectively. While the HOMO-LUMO gap was almost independent of the redox state of the flavin part, the HOMO and LUMO energy levels increased by approx. 1 eV upon reduction. In comparison with unsubstituted heptahelicene 2, the HOMO energy level of 1 increased negligibly, whereas the LUMO energy level dropped substantially, resulting in a significant decrease in the HOMO-LUMO energy gap by approx. 0.9 eV (Table 1). Similarly, the same trend of HOMO-LUMO energy gap decrease was found in both redox states of flavin 3 and 3-H 2 , relative to 1 (the structures 1-3 and 1-H 2 , 3-H 2 are depicted below Table 1).

Table 1. HOMO, LUMO, and their energy gaps for 1, 1-H2, [7]helicene 2, and flavin 3 and 3-H2 respectively, calculated by DFT using the B3LYP/6-31G (d) In order to evaluate the calculations, the synthesis of 1-H 2 was attempted using the hydrogenpromoted reduction of 1, however, a fast re-oxidation occurred (see details in Experimental section), which is also common with other flavin derivatives. [10] Thorough experimental studies of the reduced form 1-H 2 were therefore difficult. Nevertheless, the stabilization of 1-H 2 by the application of potential is mentioned in the Electrochemical studies section. In addition to theoretical studies, compound 1 was investigated using various techniques mentioned in the sections below, either in solution or upon loading into LCPs.

Preparation of lipid mesophase. LCPs are transparent and soft materials with highly-ordered topology containing aqueous nanochannels that can be used for the accumulation of molecules of biological, medical and technological relevance. [13] Analytical chemistry, biochemistry, and materials science are the main research areas where LCPs are currently applied. [13a, 14] Here the LCP was used for loading enantiopure 1, resulting in a new material exhibiting optical activity (see the details below). The lipid cubic mesophase structure consists of a highly curved continuous lipid bilayer that separates interpenetrating, nonintersecting aqueous channels, and it can coexist at thermodynamic equilibrium with excess water. Flavo [7]helicene 1 was used for its amphiphilic character, and was expected to incorporate easily into the lipidic bilayer walls with the polar flavin part exposed to the aqueous medium. LCPs containing optically pure 1 (here denoted as (P)/(M)-1@LCPs) were prepared upon dissolution in molten 1-monoolein (MO) phase and water (for details, see Experimental part and Supplementary Information).

Small-angle X-ray scattering (SAXS) analysis was used to confirm the symmetry and structural parameters of LCP with and without incorporated enantiomers of 1 at a ratio of 59.8/0.2/40 (%, w/w) for MO/1/water and 60/40 (%, w/w) for MO/water respectively (Figure 1).

Figure 1. SAXS profiles of 1-monoolein-based lipid cubic phase (LCP) without (black) or with incorporated (P)-1 ((P)-1@LCP in red) and (M)-1 ((M)-1@LCP in blue).

The 1D diffraction pattern of the studied LCPs showed reflections in the ratios √2, √3, √4, √6, √8, and √9, characteristic for a cubic phase with Pn3m symmetry. [15] Only negligible changes in the parameters such as lattice parameter a, lipid chain length, or channel width show that the incorporation of enantiomers of 1 did not change the internal structure of the LCPs (Table 2), however its incorporation was easily visually detectable and consequently confirmed by UV and other techniques. The resulting 1@LCPs formed a transparent and soft helicene-based material, which can be immobilized onto electrodes or solid supports in general. q (nm -1 ) Electrochemical studies. Compound 1 or 1@LCPs were further studied in solution in both polar and non-polar solvents or upon deposition onto the electrode surface. Cyclic voltammetry (CV) was performed using a glassy carbon electrode (GCE). For in-solution experiments, 1 was dissolved in DMSO and then diluted in the supporting electrolyte; an aqueous buffer or DCM/TBAP (tetrabutylammonium perchlorate), depending on the experimental setup. The solubility (up to 50 µM, confirmed by UV-vis measurement) of compound 1 in water was found to be unusually high in contrast to most helicenes, and allowed for the measurement of CV in aqueous electrolytes. All electrochemical experiments performed in aqueous solution were evaluated in Britton-Robinson buffer at pH 7.4 for both (P)-and (M)-stereomers of 1, and were found to be identical as expected, so all CVs in the following part are depicted for (M)-1 or (M)-

(P)-1@LCP (M)-1@LCP Pure LCP

1@LCP.

In a single CV scan, a flavin redox couple was observed at potentials around -0.35 V (vs.

Ag/AgCl/3M KCl), in agreement with literature data referring to the two-electron process in an aqueous medium [16] (Figure 2A). In the anodic part of the full CV record, a peak at +1.4 V was attributed to irreversible oxidation of the helicene moiety, resulting in the formation of radical species and a subsequent formation of a deposit on the electrode surface. [17] This allowed us to modify the electrode surface with the helicene-based polymer. Redox cycling in situ (in solution containing 1) at the potential region of the flavin redox couple is shown in Figure 2B. Redox cycling of flavin could also be observed after the formation of the deposit using the ex-situ approach performed in pure supporting electrolyte (Figure 2C). In the aqueous buffer solution, the flavin moiety redox process at ca. -0.4V is quasi-reversible and affected by adsorption, as seen by the symmetrical shape and small separation of the voltammetric peaks. This observation is in agreement with CV theory [START_REF] Bard | Electrochemical methods: fundamentals and applications[END_REF] for electrode processes accompanied by adsorption onto the electrode surface. See Supporting Information for the corresponding I p vs. scan rate plots.

Similarly to chemical reduction, 1-H 2 was unstable and observable only when a potential lower than -0.4 V was applied. Similarly to the electrochemical behavior in an aqueous environment, the separate processes of flavin and helicene redox transitions could be observed in non-aqueous environments (Figure 3). In the ACN/TBAP electrolyte, the helicene moiety provides an oxidation peak with an onset at ca. +1.5 V vs. Ag/AgCl, and a reduction peak starting at ca. -2 V. In DCM/TBAP, the helicene oxidation peak is only partly visible, while the helicene reduction peak cannot be observed at all due to the limited potential window of the DCM electrolyte (not shown).

However, the redox behavior of the flavin moiety markedly differs from that observed in the aqueous environment. In cyclic voltammograms of 1, recorded in both ACN and DCM, there are two reversible and separated pairs of peaks, both diffusion-controlled, in contrast to the aqueous environment, where a single surface-confined redox pair is observed, and in the LCP phase, in which there is a single but diffusion-controlled pair of CV peaks (see below). Similar behavior has been observed for electron-deficient simple flavins in non-aqueous systems, which was explained by two consecutive reversible redox processes. [START_REF] Legrand | [END_REF] To confirm the assignment of the above redox transitions, the cyclic voltammogram of dimethylisoalloxazine 3 was also recorded and found to be virtually identical to that of 1. Figure 3. Cyclic voltammograms of 1 in nonaqueous environments. An experiment with an extended potential scale was performed with rac-1 (in magenta) in ACN/0.1 M TBAP, the background voltammogram (in black) is included for comparison. CVs of (M)-1 (in blue), (P)-1 (in red) and 3 (in green) were obtained in DCM/0.1 M TBAP. In all voltammograms, the potential was scanned in the negative direction, starting at 0 V vs. the reference electrode at a scan rate of 0.1V/s.

The samples of (P)/(M)-1@LCPs were also studied using CV (Figure 4A, for sample preparation, see Supporting Information). As mentioned above, in an LCP phase film the process proceeds in a single 2e -step and is diffusion controlled. [20] The peak currents of the single pair of voltammetric peaks increase linearly with the square root of scan rate, as shown in Supporting Information. The flavin redox couple appears under ex-situ conditions at similar potentials as was found in in-solution experiments, c.f. Figures 2 and4B. In contrast, the
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oxidation peak of the helicene moiety at around +1.4 V was suppressed in a cubic phase embedded with 1, which indicates that the lipophilic helicene part of the molecule was integrated into LCP lipid bilayers and not in the aqueous channels, which shifted the oxidation to larger overpotentials. Thus, 1 can be immobilized in the cubic phase film placed at the electrode surface, the layer is stable in contact with an aqueous solution, and the complications due to the direct adsorption of 1 at the electrode surface are eliminated. Also, the current corresponding to helicene redox transitions at positive potentials, which lead to polymer formation in the aqueous solution at the bare electrode, is decreased. Photophysical and chiroptical properties. In order to evaluate the optical properties of 1, absorption and emission spectra were measured as well as circular dichroism and CP luminescence. The UV-vis absorption spectrum of 1 was significantly red-shifted compared to unsubstituted helicene 2 (cf. [21] ). The spectrum of 1 in DCM (c ~10 -4 M) exhibits several intense bands ( > 2510 3 M -1 cm -1 ) between 230-300 nm, an intense band at 330 nm ( >1810 3 M -1 cm -1 ) accompanied by a shoulder at 350 nm ( > 910 3 M -1 cm -1 ), together with a set of less intense bands between 390 ( > 410 3 M -1 cm -1 ) and 500 nm ( ⁓ 410 3 M -1 cm -1 ) (Figure 5A).

Similar UV spectra were obtained in Britton-Robinson buffer at pH = 7.4 (Figure 5C), and are in accordance with theoretically calculated absorption bands (see Supporting Information). This also allowed for the experimental determination of the optical HOMO-LUMO gap (E opt = 1.90

V, see Supporting Information). spectra of (P)-1@LCP and (M)-1@LCP (0.5 mg/ml). 1@LCPspectra were collected from 300 nm, because of interference originating from glass slides; for experimental setup, see Supporting Information.

Pure enantiomers of 1 exhibited mirror-imaged electronic circular dichroism (ECD) spectra in DCM and in Britton-Robinson buffer, see Figures 5B and5D. In aqueous solution, the (P)flavo [7]helicene (P)-1 exhibited ECD bands at 230 nm ( = +38 M -1 cm -1 ), 256 ( = -92),

272 ( = -53), 292 ( = -32), 334 ( = +40), 381 ( = +32), 407 (+9), 517 ( = +24), and 551 ( = +26). The comparison to common carbohelicenes, which exhibit typical negative/positive ECD-active bands in solution [22] around 250 nm and 330 nm respectively, allowed for the assignment of the absolute configuration of flavo [7]helicene enantiomers to (P) or (M)-helicity by directly reading their ECD fingerprint. The data obtained from measuring the circular dichroism of enantiomers of 1@LCP confirmed that the prepared LCPs are optically active with chiroptical properties reflecting the original chirality of the loaded 1 enantiomers (Figures 5E and5F).

Upon excitation at 520 nm, the enantiomers of compound 1 exhibited room temperature fluorescence at around 625 nm, with similar shapes in DCM and DMSO (Figure 6).

Furthermore, pure enantiomers of 1 exhibited mirror-imaged circularly polarized luminescence (CPL), with a positive (negative) signal for the P (M) enantiomer, with |g lum | values of 4  10 -3 at 625 nm. These values are typical for organic helicenes. [23] As expected, the enantiomers exhibit CPL signals with the same signs as those of the lowest-energy CD-active bands. In comparison, absorption dissymmetry factors were found to be higher (|g abs | = 7  10 -3 at 550 nm). Compound 1 exhibits quantum yields of 8.5 % in CH 2 Cl 2 and 6 % in DMSO at room temperature. CP luminescence was observed exclusively in organic solvents and practically not at all in an aqueous environment. Details its fluorescence quenching by water can be found in ref. [24] are reflected in the molecular shape and also the molecular packing. Molecule 1 was compared to 3-methyllumiflavin (CCDC refcode MLUMIF) [25] and [7]helicene 2 [START_REF] Sykora | CCDC 2061539: Experimental Crystal Structure Determination[END_REF] due to the similarity of some of their structural features to 1 (Figure 7A). In contrast to the molecule of flavin, all rings in 1 are significantly distorted from planarity. The distortion is mainly induced by steric hindrance of the inner N-CH 3 group pointing into the helicene cavity. It is even larger than in the corresponding rings in the carbohelicene analogue, as expressed by the total puckering amplitude (Q) [START_REF] Cremer | [END_REF] in Figure 7A. The introduction of the electron-withdrawing flavin part into the helicene skeleton leads to a contraction of the pitch between the rings due to electrostatic attraction compared to unsubstituted [7]helicene 2 (Figure 7A). The intermolecular interactions are also significantly affected by the presence of the flavin moiety. Compound 1 lost the ability to form homochiral domains, which results in lamellar twinning typical of carbohelicenes, [28] and crystallizes in the centrosymmetric space group P2 1 /c. Additionally, a common motif found in the packing of carbohelicene molecules -a pair of interlocking molecules -is replaced by homochiral columnar structures along the Y axis (Figure 7B) where the flavin part interacts with helicene terminal rings of an adjacent molecule. The molecular columns are mutually linked by weak hydrogen bonding between the helicene periphery and flavin oxygen and nitrogen atoms (Figures 7B and7C). This feature can also be found in the crystal packing of planar flavins, where it leads to the formation of two-dimensional molecular sheets that are mutually held in place by electrostatic interactions. [25] 

CONCLUSIONS

In this study, flavin-helicene hybrid 1 was synthesized. Flavo [7]helicene 1 combines inherent helical chirality with redox activity, which was studied in solution (both aqueous and organic phases), in layers (electropolymers or films made of 1@LCP), and in the solid state (a single crystal). In addition, a methodology that allows the loading of 1 enantiomers into an internally nanostructured lipid matrix (LCP) was developed, and it is one of the first examples of the incorporation of an inherently chiral molecule into transparent LCP material. Compound 1 embedded in the cubic phase film placed at the electrode surface reveals a quasi-reversible diffusion-controlled 2-electron redox process of the flavin headgroup. In addition, the lipophilic helicene parts of the molecule anchored in the lipidic bilayers of the cubic phase are less prone to oxidation at positive potentials which lead to polymer formation on the electrode for 1 dissolved in solution. The presented results could contribute to further research of other helicenes with switchable redox and optical properties with improved solubility in water.

Furthermore, the loading of similar helicene-based hybrids into the hydrophobic lipidic matrix

EXPERIMENTAL

Chemicals and general methods

Commercially available reagent-grade materials were used as obtained from Sigma-Aldrich, and Fluorochem. 2-Nitroso [6]helicene was prepared according to a published procedure. [12] All solvents (Lach-Ner) were of reagent grade and used without any further purification, except for acetic acid, which was distilled from potassium permanganate. The standard Schlenk technique was used for all reactions. The melting point was determined with a Santiago KB T300 melting point apparatus (Czech Republic) and is uncorrected. TLC was performed on Silica gel 60 F 254 or 60 RP-18 F 254 aluminum sheets, and compounds were visualized with UV light (254 and 366 nm). Column chromatography was performed in an Isolera One system (Biotage) with prepacked flash silica gel columns. Absorption spectra were recorded in a Specord 250 spectrometer (Jena Bioscience, Germany) in a quartz cuvette with a 1 cm optical path, using pure solvent as a reference. Steady-state excitation and emission spectra were recorded using an F-4500 fluorometer (Hitachi, Japan) in a quartz cuvette with a 1 cm optical path (for both excitation and emission). The IR spectra were measured in CHCl 3 (Nicolet 6700). Characteristic IR absorptions are reported in cm -1 and denoted as strong (s), medium (m), or weak (w). The circular dichroism (CD) spectra (in M -1 cm -1 ) were recorded in a J-815 spectrometer (Jasco Analytical Instruments, Inc., Easton, PA) at the IFR140 facility (Biosit platform -Université de Rennes 1). Circularly polarized luminescence (CPL) measurements were performed using a home-built CPL spectrofluoropolarimeter (with the help of the company JASCO). The samples were excited using 90° geometry with a 150 W LS ozone-free Xenon lamp. The spectra were measured in 10 -5 M CH 2 Cl 2 or DMSO solutions in a 1 cm cell under deoxygenated conditions.

The solutions were degassed by at least 3 freeze/pump/thaw cycles in a sealed transparent glass apparatus that included the measuring cell whilst being connected to the vacuum manifold. The parameters were: emission bandwidth ∼ 1.0 nm, integration time = 4 sec, scan speed = 50 nm/min, accumulations = 10. 1 H and 13 C{ 1 H} spectra were recorded using a Bruker Avance by direct methods (SHELXT [29] ) and refined by full-matrix least-squares on F 2 values (CRYSTALS [30] or SHELXL [29] ). All heavy atoms were refined anisotropically. Hydrogen atoms were localized from the expected geometry and difference electron density maps, and were refined isotropically. ORTEP-3 was used for structure presentation. [31] The crystallographic data for the structures reported in this paper have been deposited with the Cambridge Crystallographic Data Centre as a supplementary publication. Copies of the data can be obtained free of charge by applying to the CCDC. The resolution of enantiomers of 1 was performed by semi-preparative HPLC with a UV detector at 320 nm (Watrex) using a chiral The HPLC analyses were performed acc. to ref. [32] in a Chiralcel experiments were carried out using a GCE (BASi, 3 mm diameter, or GCE, Bio-Logic SAS, 1 mm diameter). Electrochemistry in a non-aqueous environment of ACN and DCM was performed using a Nanoampere electrochemical workstation (L-Chem, CZ) in three-electrode configuration with a BASi, 3 mm diameter GC, LF2 (Innovative Instruments) leak-free reference electrode, and platinum wire auxiliary electrode. The working solutions were deaerated using an argon stream presaturated with a given solvent. After the measurement, the potentials were rescaled against ferrocene/ferrocenium midpoint potentials obtained from separate CV experiments.

Synthesis of flavo[7]helicene 1

The preparation of compound 1 (15,18-dimethyl-15H-[6]heliceno[2,1-g]pteridin -17,19-dione) was performed as follows: 2-nitroso [6]helicene (100 mg, 0.28 mmol) and 3-methyl-6-(methylamino)uracil (130 mg, 0.84 mmol, 3 eq) were placed in an oven-dried Schlenk flask under an argon atmosphere. Degassed glacial acetic acid (20 ml) was added, and the reaction was heated to 100 °C overnight. After the reaction was complete (observed by TLC), the solvent was evaporated and the solid residue was chromatographed on silica gel with ethyl acetate as the mobile phase. 

Synthesis of Dihydroflavo[7]helicene (1-H 2 )

Flavo [7]helicene 1 (10 mg, 0.02 mmol) and Pd/C (10 wt%, 5 mg) was charged into a Schlenk flask, purged with argon, and dissolved in d 7 -DMF (3 ml). Then, a balloon containing hydrogen gas was attached and the reaction flask was flushed with hydrogen several times. The reaction mixture was then stirred for approximately 3 hours at room temperature until the color changed from magenta to yellow-brown. The stirring was then stopped and the dispersed palladium was allowed to settle down at the bottom of the flask. A small sample of the reaction mixture was transferred via syringe to an argon-flushed NMR cuvette, however rapid change back to a magenta-colored solution was observed within seconds. The subsequent 1 H NMR measurement showed approximately 30% conversion to 1-H 2 (for spectra, see Supporting Information). This partially reduced solution fully reoxidized to 1 alone within minutes.

Preparation of monoolein-based LCP

Cubic phases without enantiomers were prepared by mixing the appropriate amount of molten 1-monoolein (MO) and water at room temperature in small glass vials. The ratio of components was chosen based on the phase diagram for the MO/water system. [33] The composition of the non-doped LCPs was 60/40 (%, w/w) for MO/water. (P)/(M)-1@LCPs were prepared as follows. The enantiomers were dissolved in the molten MO and mixed with an appropriate amount of water at room temperature. The final composition of the LCPs was 59.8/0.2/40 (%, w/w) for MO/1 enantiomer/water. Samples were stabilized for at least 24 h to obtain transparent, viscous, and homogenous LCPs. Samples were stored in tightly closed vials at room temperature in the dark. Their stability was confirmed by microscopic observation of the samples and by small-angle X-ray scattering (SAXS) measurements. The determination of experimental SAXS parameters is described in the Supporting Information.

Preparation of helicene-based polymers on ITO electrodes

A stock solution of (M)-enantiomer of compound 1 was dissolved in DMSO to a concentration of 1 mg/ml and then diluted to 50 µM in Britton-Robinson buffer at pH 7.4. The ITO electrode was electrodeposited with 50 µM (M)-1 at +1.5 V for 120 s in Britton-Robinson buffer (pH 7.4), which was not deoxygenated.

  Scheme 1. (A) Direct and via linker functionalization. (B) Oligo-and polymerization approaches. (C) Introduction of heteroatom into skeleton. (D) Functionalization with π-extended systems.

Scheme 3 .

 3 Scheme 3. (A) Electrostatic potentials for 1 and 1-H 2 in the range from -0.03 (red) to +0.03 (blue). (B) HOMO (bottom) and LUMO (up) of 1 and 1-H2 front (left) and side (right) view. For simplicity, only the (P)-enantiomer is depicted.

Figure 2 .

 2 Figure 2. (A) Cyclic voltammograms of 50 µM (P)-1 (in red) and (M)-1 (in blue) at glassy carbon electrode in aqueous electrolyte. CV records (5 scans) of the (M)-enantiomer (in blue) (B) in situ and (C) ex situ performed after one full CV scan (resulting in the polymer) under the same conditions as shown in panel A.

Figure 4 .

 4 Figure 4. (A)Full CV of (M)-1@LCP (in blue) after its immobilization onto glassy carbon electrode. Inset: the image of (M)-1@LCP and (P)-1@LCP (for more details, see Supplementary Information). (B) Redox cycling of the same sample as in panel A, after cycling to +1.5 V, in pure supporting electrolyte.

Figure 5 .

 5 Figure 5. (A) UV-vis and (B) CD spectra of ~ 10 -4 M (P)-1 (red curves) and (M)-1 (blue curves) in DCM. (C) UV-vis and (D) CD spectra of 50 µM (P)-1 and (M)-1 in Britton-Robinson buffer pH 7.4. (E) UV-Vis and (F) CD

Figure 6 .

 6 Figure 6. (A)Emission and (B) CPL spectra of (P)-1 (in red) and (M)-1 (in blue). The measurements were performed in DCM (solid lines) or DMSO (dashed lines) for both panels.

  PHOTON 100 CMOS with monochromated Mo/Cu-Kα radiation. The structures were solved

  stationary phase Chiralpak IB ® (Diacel) column (250 × 20 mm, 10 μm) and n-heptane/2propanol 70:30 + 5 %vol. DCM + 0.5 %vol. The mobile phase was NEt 2 H at a flow rate of 12 mL min -1 . The optical purity of each enantiomer of 1 was checked by the integration of UV traces (254 nm) of HPLC chromatograms at the Varian ProStar 230 SDA + ProStar 330 PDA detector (200-400 nm). The HPLC analyses were performed in a Chiralpak IB ® (Diacel) column (250 × 4.6 mm, 10 μm) using n-heptane/2-propanol 70:30 + 0.5 %vol. The mobile phase was NEt 2 H at a flow rate of 2 mL min -1 . The same instrument was used for the determination of %ee values for the oxidative kinetic resolution of 1-(4methoxyphenyl)ethanol.

  ® OD-H (Chiral Technologies) column (150 × 4.6 mm, 5 μm) using n-hexane/ethanol 97:3 as the mobile phase at a flow rate of 1 mL min -1 . Specific optical rotations ([α] D 20 ) were measured at 589 nm in chloroform at 20 °C in a JASCO P-2000 polarimeter with a Peltier cell holder and a 1 dm path length cell. The values are given in deg cm 3 g -1 dm -1 as an average value from 50 measurements. The SAXS experiments were carried out with a Bruker Nanostar system equipped with a Vantec-2000 area detector using CuKα radiation (λ = 1.54 Å). LCP samples were injected into 1.5-mm diameter quartz capillaries sealed with epoxy glue (UHU). All electrochemical measurements in an aqueous environment and LCP were performed at room temperature with an Autolab and a three-electrode arrangement with an Ag/AgCl/3M KCl electrode as the reference and platinum foil as the auxiliary electrode. Cyclic voltammetry (CV)

(

  M)-1 and 42 min for (P)-1 in prep. mode. Optical rotation: [α] D 20 = +2246° (c = 0.052, chloroform) for dextrorotatory (P)-1 and [α] 20 D = -2306° (c = 0.046, chloroform) for levorotatory (M)-1. X-ray data of compound 1: C 32 H 20 N 4 O 2 , M = 492.54 g/mol, monoclinic system, space group P2 1 /c, a = 15.5546(5), b = 7.1648(2), c = 20.3719(6) Å, β = 100.338(1)°, Z = 4, V = 2233.50(12) Å 3 , Dc = 1.46 g.cm -3 , (Cu K) = 0.75 mm -1 , T = 120 K, crystal dimensions of 0.09 × 0.17 × 0.33 mm. The structure converged to a final R = 0.0342 and R w = 0.0858 using 4289 independent reflections for 423 refined parameters ( max = 72.15°). CCDC No. 2061539.

  

  level of theory.

	Energy (eV)	1 (ox.)	1-H2 (red.)	2	3 (ox.)	3-H2 (red.)
	LUMO	-2.79	-1.67	-1.49	-2.94	-0.74
	HOMO	-5.78	-4.72	-5.36	-6.44	-4.59
	HOMO-LUMO gap	2.99	3.04	3.86	3.50	3.85

Table 2 .

 2 Structural parameters of LCPs with or without incorporated enantiomers of 1.

	LCPs	Composition	Phase	Lattice	Lipid length	Channel width
		MO a /1/water (w/w)	symmetry	parameter	l (nm)	d (nm)
		%		a (nm)		
	LCP	60/0/40	Pn3m	10.07	1.68	4.53
	(M)-1@LCP	59.8/0.2/40	Pn3m	10.01	1.67	4.5
	(P)-1@LCP	59.8/0.2/40	Pn3m	9.99	1.66	4.49
	a ) MO = monoolein					
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(LCP) may find a wide spectrum of applications in analytical chemistry, (bio)sensing, and materials science in the future.