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Influence of Positional Isomerism on the Chiroptical Properties of Functional Aromatic Oligoamide Foldamers

A series of functionalized quinoline-based aromatic oligoamide foldamers were prepared in their two enantiomeric forms, comprising an enantiopure terminal camphanyl chiral inducer, which governed the adjacent (P-/M-) helical-handedness. Hierarchical chirality transfer was further investigated in chromophore-appended variants via a range of electronic and vibrational spectroscopic techniques, including circularly polarized luminescence, vibrational circular dichroism and fluorescence. Intense total and polarized photoluminescence (up to lum = 0.39, glum = 1.5  10 -3 ) was observed in the visible from these modular multicomponent architectures and a significant influence of positional isomerism was evidenced. The preferential position of a fluorophore substituent on the quinoline hexamers was determined as being position 2 over position 6, as stronger chiroptical features were systematically observed with the former.

Introduction

The generation and modulation of circularly polarized luminescence (CPL) arising from chiral emissive systems has drawn much attention in the last years due to their promise in the development of next-generation chiral optoelectronic devices. [1] Fascinating CPL-active materials have emerged, based on various structural approaches to precisely control the arrangement of building blocks and enhance CPL. Strategies based on hierarchical nano-assemblies of chiral/achiral chromophores [2,3] or the supramolecular self-assembly of chromophoric systems [4,5] have proved particularly efficient. Additionally, the extensive variety of molecular designs offered by discrete chiral organic molecules provides chemists with a wide array of practical tools to modulate chiroptical effects. Several classes of small molecules have proven of particular interest for enhancing circularly polarized emission, such as helicenes [6] and helicenoids, [7] chiral BODIPY derivatives, [8] or paracyclophanes, [9] amongst others. Lately, coiled oligomeric architectures featuring intrinsic helical chirality have also attracted much interest for the generation of CPL. [10] In this context we have recently exploited aromatic oligoamide foldamers as a new platform for CPL modulation. [11] Aromatic oligoamide foldamers are synthetic oligomers that are able to adopt highly stable and predictable folded conformations in solution due to intramolecular interactions between adjacent units (e.g. hydrogen bonds, electrostatic repulsions and aromatic stacking). [12] Moreover, the sequential nature of these oligomers allows synthetic flexibility and high modularity for precise positioning of functional groups at predetermined location(s) on the helical scaffold. This feature thus makes aromatic helices suitable tools for the modulation of optical and electronic properties of (supra)molecular systems. In particular their capacity for hole-or electron-transport was previously investigated, [13] as well as their fluorescence switching [14] and second-order nonlinear optical activity. [15] The strategy to finely tune the chiroptical properties of functionalized aromatic foldamers utilizes oligomers of 8-amino-2-quinolinecarboxylic acid that self-organize into highly stable canonical helical conformations in solution. Moreover, the introduction of a camphanyl chiral inducer at the N-terminus of the oligomers allows absolute control of the helical handedness. [16] In a previous study, [11] we showed that quinoline amide tetramers functionalized by achiral fluorophores showed intense chiroptical activity, as evidenced by circular dichroism (CD) and circularly polarized luminescence (CPL) spectroscopies. Notably, CPL activity with relatively large luminescence dissymmetry factors (glum = 1.3  10 -3 ) was observed in the visible range at wavelengths corresponding to the emission of the fluorophore. Quinoline oligoamides therefore appeared as a new multichromophore platform in inducing CPL at adjustable wavelengths.

To go further into the survey of the properties of functionalized aromatic oligoamides, we herein focus on the impact of positional isomerism of functional group(s) on their optical/chiroptical properties, as well as the number of substituents. It is notable that positional isomerism has already proved to be a practical approach to modulate the electronic properties of dihydroindenofluorene derivatives, [17] the nonlinear optical properties of phthalocyanines, [18] or the photophysical properties of organic materials such as those based on naphthalene maleonitrile. [19] In addition, in the present study the effect of a push-pull design on the chiroptical activity of functionalized aromatic oligoamides was probed by means of appended electron-donor and electron-withdrawing substituents. Therefore, a series of five quinoline-derived oligoamide hexamers were functionalized at different positions of the sequence. A systematic study was performed accordingly, based on two positional isomeric pairs of functionalized oligomers, plus one analogue featuring two identical substituents.

We herein report the optical and chiroptical characterization of a new quinoline oligoamide hexamer series using an ensemble of spectroscopic techniques: fluorescence emission, electronic circular dichroism (ECD), vibrational circular dichroism (VCD) and circularly polarized luminescence (CPL). Overall, the study demonstrates a remarkable influence of the functional group positions on the photophysical properties, in that two positional isomers exhibit drastically different chiroptical spectroscopic features. 

Results and Discussion

Synthesis of the aromatic amide hexamers

A series of optically pure quinoline hexamers was prepared using convergent approaches and derivatized at the N-terminus with either (1S)-() or (1R)-(+) camphanyl moieties inducing (1S)-P or (1R)-M enantiomeric helices, respectively. [16] Sequence alignment of P/M oligomers is shown in Fig. 1b. Quinoline hexamer Q6, devoid of functional groups, was prepared to serve as a reference compound. [20] Monomers based on an 8-amino-2-quinolinecarboxylic acid backbone and functionalized at position 4 were employed. [11,15] The quinoline monomer bearing the bis(9,9-dimethyl-9H-fluoren-2-yl)amine (DFA) substituent is hereafter named Q DFA while the quinoline analogue equipped with 1-ethynyl-3,5-bis(trifluoromethyl)benzene is named Q CF3 . In order to evaluate the effect of the number of functional groups and their position on the helical scaffold, while preventing mutual steric interactions, positions 2 and 6 of the hexameric sequence were preferred for functionalization. Therefore, positional isomers Q6DFA (2) and Q6DFA (6) were prepared, where the DFA group was placed at position 2 and 6 of the sequence, respectively (Fig. 1b). The analogue Q6DFA (2,6) , bearing two DFA groups at position 2 and 6, was designed to examine the influence of the number of chromophores on the optoelectronic properties. Both hexamers Q6DFA (2) CF3 (6) and Q6CF3 (2) DFA (6) were designed to study the effect of through scaffold internal charge transfer on the optical/chiroptical properties as well as for consolidation of the positional isomerism study. The latter presents an electron-withdrawing group at position 2 and electron-donor group at position 6 while in the former, positions of the functional groups are inverted (Fig. 1b). The synthesis of the new oligomers and their intermediates is detailed in the Supporting Information. The molecular model of the P-enantiomer of Q6DFA (6) , Q6DFA (2,6) , Q6DFA (2) CF3 (6) and Q6CF3 (2) DFA (6) obtained using molecular mechanics calculations, are shown in Fig. 2. This structural survey clearly illustrates the canonical folding of the aromatic oligoamide scaffold whereas the spatial localization of the functional groups on opposite sides of the helix is confirmed, when applicable. 6) and d) P-Q6CF3 (2) DFA (6) . The helices are shown in stick representation and colorcoded as in Fig. 1. The hydrogens and isobutoxy side chains are omitted for clarity.

Optical characterization

Electronic optical properties of the hexamers were assessed through electronic absorption and fluorescence emission spectroscopies in solution. Normalized absorption and emission spectra of the P-enantiomers in chloroform are represented in Fig. 3, and the corresponding data is regrouped in Table 1.

Hexamer Q6 shows intense absorption bands in the 250-400 nm range ( ~ 40 000 M -1 .cm -1 ) characteristic of quinoline oligomers, corresponding to n → * and  → * transitions within the aromatic cores. In addition, all hexamers substituted with a DFA show a less intense absorption band at longer wavelengths, ascribed to intramolecular charge transfer (ICT) (vide-infra). This absorption band (max. ~ 434 -438 nm) presents a molar extinction coefficient  ~ 12 000 M -1 .cm -1 with one incorporated functional group, i.e. Q6DFA (2) , Q6DFA (6) , while this value doubles with two appended chromophores,  = 23 400 M -1 .cm -1 for Q6DFA (2,6) . The addition of an electron-withdrawing group on the helix leads to a slight increase of the molar absorption compared to Q6DFA (2) , yielding  = 15 700 M -1 .cm -1 for Q6DFA (2) CF3 (6) . 2) (red), Q6DFA (6) (orange), Q6DFA (2,6) (blue), Q6DFA (2) CF3 ( 6) (green), Q6CF3 ( 2) DFA ( 6) (brown), recorded in CHCl3 (exc. = 370 nm).

Hexamer Q6 exhibits a blue emission, whose wavelength of maximum intensity is comparable to that of a tetramer Q4 comprising similar constituent emissive centers, as previously reported (em. max. ~ 450 -470 nm). 11 However, the present study reveals an increased fluorescence quantum yield with elongation of the helix from 4 to 6 monomers: lum = 0.058 vs. 0.014 for and Q4, respectively. This blue shift and increased emission quantum yield is consistent with an enhanced rigidification of the scaffold and hence less effective non-radiative deactivation pathways. As shown in table 1, upon functionalization of the oligomer backbone by either one or two fluorophore(s) represented in Fig. 1, the fluorescence emission is rather different. The newly introduced, lower-lying emissive states result in more intense structureless emission whose maxima lie further into the visible spectral region (em. max. = 561 -583 nm), being associated with the fluorenyl-based moieties which have a relatively high fluorescence quantum yield (lum = 0.16 -0.39) in air-equilibrated solution. Efficient electronic energy transfer is evidenced as excitation at 370 nm, where all chromophoric units absorb, results exclusively in emission from the least energetic excited-state making the scaffold a chiral light-harvesting array.

Table 1. Electronic absorption and fluorescence emission properties of the quinoline hexamers. [a]  abs [nm] [b] 

[M -1 .cm -1 ]  em.
[nm] [c] 6.26 (0.6) [d] [a] Absorption and emission data of the P-enantiomers in chloroform. It is noteworthy that the position of fluorophore substitution proved to have a strong impact on the emission properties. A red shift of 18 nm ( = ca. 550 cm -1 ) was observed when a DFA unit is at position 6 compared to position 2, with a concomitant decrease of the fluorescence quantum yield from lum = 0.30 for Q6DFA (2) to 0.16 for Q6DFA (6) . Nonetheless, an increased fluorescence quantum yield was obtained by conception of a push-pull structure, leading to lum = 0.39 for Q6DFA (2) CF3 (6) . Time-resolved luminescence decay measurements provided the excited-state lifetime of the different hexamers. While the parent quinoline hexamer presented a rather rapid fluorescence decay ( = ca. 1.2 ns), longer-lived luminescence was detected in the more emissive fluorene-appended variants. The most emissive Q6DFA (2) and Q6DFA (2) CF3 ( 6) exhibited the longest lifetimes ( = 10.9 ns and 12.1 ns, respectively), proportional to the measured emission quantum yield, corresponding to a similar radiative rate constant in these cases comprising a DFA (2) moiety, as well as values related to parent fluorene. [21] Meanwhile, fluorescence decays from variants bearing DFA (6) groups were best fitted by biexponenial decays, which may tentatively be ascribed to different conformers resulting from an enhanced conformational liberty in these terminal groups. Hexamer Q6DFA (2) CF3 ( 6) showed high solubility in common organic solvents, which allowed us to assess the influence of solvent polarity on its optoelectronic properties. The absorption and emission spectra were recorded in toluene, THF, chloroform, DMF and methanol, as depicted in Fig. S1. Although no spectral change was noticed on the electronic absorption spectra, a net solvatochromic effect was observed in the fluorescence spectra as the solvent polarity increased. Maximum emission wavelengths recorded were: 530 nm in toluene; 550 nm in THF; 555 nm in CHCl3; 575 in DMF and 594 in MeOH. This solvatochromic effect is characteristic of a charge transfer emissive state induced by intramolecular donor-acceptor interactions. Moreover the large magnitude of the observed Stokes shifts ( = Abs -Fluo) implies that the excited-state geometry may be different from the ground-state. Plots of  against orientation polarizability of the solvents (f) are presented in Fig. S2, showing a good linearity. The positive slope, i.e. increased values with increasing solvent polarity, indicates that the excited-state is more polarizable than the ground-state.

Chiroptical characterization

The chiroptical activity of the hexamer series was determined by means of electronic circular dichroism (ECD) and circularly polarized luminescence (CPL). The ECD absorption spectra of the P-and M-enantiomers are shown in Fig. 4, whereas the corresponding data is given in Table 2.

The reference hexamer Q6 exhibits strong Cotton effects in the 230 -430 nm spectral range, which is a characteristic feature of chromophoric quinoline oligoamide helices. [11,15,16,22] In analogy with previous reports, the enantiomer bearing the (1S)-()camphanyl chiral inducer adopts a P helicity, leading to a positive Cotton effect at ~ 400 nm. Conversely, the enantiomer bearing the (1R)-(+)-camphanyl chiral inducer adopts M helicity, thus showing a negative Cotton effect for low energy transitions. [22] Upon functionalization of the hexamers by one or more functional group(s), the intense Cotton effects in the 400 nm region are systematically conserved. This demonstrates the structural integrity of the helically folded oligoquinoline backbones as well as handedness of each enantiomer. However, in the case of Q6DFA (2) CF3 (6) and Q6CF3 (2) DFA (6) , the lower intensity of the chiroptical response in this region with regard to Q6, indicates a slight perturbation of the electronic states of the helical scaffold related to the introduction of a push-pull system.

As depicted in Fig. 4, the ECD spectra of the hexamers present multiple Cotton effects and crossovers in the 250-360 nm range, with perfect mirror images for each pair of enantiomers. This feature, which is particularly pronounced for Q6 and Q6DFA (6) , denotes strong exciton couplings arising from intramolecular - interactions between the adjacent quinoline monomers.

We recall that the electronic absorption spectra of the quinoline hexamers systematically show an absorption band at ~ 438 nm upon functionalization by a DFA (Fig. 3 and Table 1), attributable to an ICT state (vide supra). Yet, as shown in Fig. 4, the ECD spectra of the series display clear positive or negative Cotton effects (~ 450 nm) for the M-and P-enantiomers, respectively, and only for the hexamers Q6DFA (2) , Q6DFA (2,6) and Q6DFA (2) CF3 (6) . Thus, the corresponding transition is shown to be optically active exclusively when the DFA unit is at position 2 of the oligomeric sequence, showing that the two positional isomers Q6DFA (2) /Q6DFA (6) and Q6DFA (2) CF3 (6) /Q6CF3 (2) DFA ( 6) present different chiroptical properties. In other words, the CD signal at ~ 450 nm, that is the CD signal related to the achiral DFA chromophore induced by the chiral helical scaffold, appears to be position dependent. (black, dotted line), P-Q6DFA (2) (red, solid line), M-Q6DFA (2) (red, dotted line), P-Q6DFA (6) (orange, solid line), M-Q6DFA (6) (orange, dotted line), P-Q6DFA (2,6) (blue, solid line), M-Q6DFA (2,6) (blue, dotted line), P-Q6DFA (2) CF3 (6) (green, solid line), M-Q6DFA (2) CF3 (6) (green, dotted line), P-Q6CF3 (2) DFA (6) (brown, solid line), M-Q6CF3 (2) DFA (6) (brown, dotted line), recorded in CHCl3 (C = 30 µM, 298 K).

Moreover, the sign inversion observed for the lowest-energy CD signal, with regard to the main absorption band, further confirms the ICT nature of the corresponding transition. This characteristic feature was already reported for charge transfer complexes composed of chiral electron donors mixed/stacked with achiral electron acceptors, [23] or for helical push-pull systems. [24] CPL and total luminescence spectra of the oligomers recorded in chloroform are shown in Fig. 5 and the corresponding luminescence dissymmetry factors glum are given in Table 2. The circularly polarized emission properties of the functionalized quinoline hexamers are perfectly in line with those of tetramer analogs reported in our prior study. [14] As expected, the CPL spectra of the six pairs of P-/M-enantiomers display mirror image signals. Due to the longer oligomeric chain, the quinoline hexamer Q6 presents slightly enhanced glum factor compared to Q4 (i.e. glum = 2.1  10 -2 for Q6 vs. 1.2  10 -2 for Q4). The CPL of the foldamers functionalized by a DFA fluorophore is red-shifted towards visiblerange wavelengths, with maximum CPL from 565 nm to 585 nm, mirroring total photoluminescence. The hexamers Q6DFA (2) and Q6DFA (2) CF3 (6) , where the DFA is at position 2, yield glum values of 1.3  10 -3 and 1.5  10 -3 , respectively. This equally represents a slight improvement compared to the tetramer analog [14] and further confirms the benefit of a push-pull structure. However, a net decrease of the CPL response is observed when the DFA is at position 6 leading to glum around 5  10 -4 for Q6DFA (6) and Q6CF3 ( 2) DFA (6) .

Table 2. Chiroptical properties of the quinoline hexamers. [a] Compound cm [c] CPL brightness. [27] Figure 5. CPL spectra (top raw) and total photoluminescence spectra (bottom raw) recorded in CHCl3 (C = 30 µM, 298 K) for : P-Q6 (black, solid line), M-Q6 (black, dotted line); P-Q6DFA (2) (red, solid line), M-Q6DFA (2) (red, dotted line); P-Q6DFA (6) (orange, solid line), M-Q6DFA (6) (orange, dotted line); P-Q6DFA (2,6) (blue, solid line), M-Q6DFA (2,6) (blue, dotted line); P-Q6DFA (2) CF3 ( 6) (green, solid line), M-Q6DFA (2) CF3 ( 6) (green, dotted line); P-Q6CF3 (2) DFA ( 6) (brown, solid line), M-Q6CF3 ( 2) DFA ( 6) (brown, solid line). exc. = 370 nm. [25] Thus, comparing the glum values of the positional isomeric pairs of functionalized oligoamides, i.e. Q6DFA (2) vs. Q6DFA (6) and Q6DFA (2) CF3 ( 6) vs. Q6CF3 ( 2) DFA (6) , it becomes clear that positional isomerism has a strong impact on the degree of circular polarization in emission. It is likely that the extent of chirality of the excited-state of the functionalized foldamers strongly depends on the position of the functional group on the helical backbone. The sign of the chiroptical signals is also worth scrutinizing. An interesting feature of the quinoline oligomers is the opposite sign of the CPL signals exhibited by the P-/M-enantiomers of functionalized hexamers compared to that of the reference compound Q6. As shown in Fig. 5, the P-enantiomer of Q6 affords positive CPL while the P-enantiomer of each functionalized hexamer exhibits negative CPL (and conversely for the Menantiomers). This sign inversion can be assigned to the specific nature of the corresponding transitions. Whereas for Q6  → * transitions are primarily involved in the population of the emissive state, it appears that in the case of functionalized hexamers, the ICT nature of the transition may cause tenuous structural changes at the excited-state leading to a reversal of the CPL handedness. [26] The modulation of the emissive ICT state of chiral emitters based on small organic molecules was indeed recently employed as an efficient strategy to control the sign of CPL signals. [27] Finally, we note that for the hexamers functionalized by a DFA at position 2, i.e. Q6DFA (2) , Q6DFA (2,6) and Q6DFA (2) CF3 ( 6) , the sign of the CPL signals matches the one of the lowest-energy CD signals, proving that the local chirality of the ICT-system is conserved from the ground-state to the excited-state.

In addition, the CPL brightness, BCPL, recently proposed by Zinna et al., [28] is an excellent alternative gauge of the overall CPL signal. The new metric was calculated according to Eq. ( 1) and the value are reported in Table 2.

𝐵 = ε × 𝜙 × | | (1)
The BCPL values obtained for the quinoline hexamer series are perfectly in the range of other types of organic CPL emitters. [28] Moreover the CPL brightness parameter better highlights the beneficial effect of the push-pull structure since Q6DFA (2) CF3 (6) shows a CPL brightness (BCPL = 4.6) more than twice that of Q6DFA (2) (BCPL = 2.1).

Vibrational spectroscopy analysis

To gain deeper insights into the structure-spectroscopic feature relationships of the quinoline hexamer series, infrared absorption (IR) and vibrational circular dichroism (VCD) analyses were performed. Hexamer Q6 and the two positional isomers Q6DFA (2) and Q6DFA (6) were selected for investigation by these techniques. FTIR spectra are reported in the 1850 -950 cm -1 spectral range in Fig. 6a and relevant data is regrouped in Table S1. The band observed at = 1795 cm -1 can unambiguously be assigned to the C=O stretching vibration of the ketone group of the camphanyl chiral inducer. [29] This band is slightly blue shifted (1797 cm -1 ) for Q6DFA (2) . The weak band at 1718 cm -1 can be ascribed to the C=O stretching vibration of the amide group between the camphanyl and the first quinoline monomer, whereas the intense band at 1679 cm -1 can be attributed to the C=O stretching vibration of all other aromatic amide groups of the oligomeric structure.

Most of the intense bands observed below 1600 cm -1 arise from the quinoline oligoamide scaffold, having been previously assigned. [30] The most intense band around 1540 cm -1 is related to the NH bending vibration of the amide groups. The weak bands at 1591, 1571 and 1510 cm -1 can be assigned to C=C stretching vibrations of quinoline monomers. The band at 1420 cm -1 is associated with the CH3 bending vibration of isobutyl substituents. The assignment of the other bands proved more difficult as several bands result from coupled modes (see Table S1). Finally, the bands associated with the DFA substituent exhibit weak intensities and are located at 1606, 1487, 1461, 1449, 1178, 1158 and 1108 cm -1 . It is noteworthy that the bands at 1178 and 1158 cm -1 are associated with the C-C stretching vibration of dimethyl groups of both DFA and camphanyl moieties. The VCD spectra of Q6, Q6DFA (2) and Q6DFA (6) are reported in the 1850-950 cm -1 spectral range in Figure S2. For the three foldamers, the VCD spectra of the two enantiomers are nearly mirror images with respect to the baseline, revealing the high enantiopurity of the six compounds. Small spectral artefacts occur in this region due to the birefringence of our optical set-up. These artefacts were removed by calculating the half difference of the two enantiomers for each hexamer for accurate comparison. Direct comparison of the VCD spectra of the P-enantiomer of the three oligomers (Figure 6b) clearly shows that the signature of these compounds is similar in shape and intensity. This feature indicates that the chiroptical activity of these compounds essentially stems from the helical structure of the quinoline oligomer. The molecular chirality of the camphanyl moiety is very weak and indeed negligible with respect to the supramolecular chirality of the foldamer. A closer examination of the VCD spectra revealed small variations occurring for bands associated with the DFA substituent. These spectral differences are observed at 1560, 1461, 1176 and 1155 cm -1 , and are more pronounced for Q6DFA (2) compared to Q6.

To take into account the potential spectral changes of the IR spectra, we calculated the vibrational dissymmetry factors (gvib) for the three oligomers in the 1850 -950 cm -1 range, as shown in Figure 6c. The highest values of gvib are close to 4  10 -4 (at 1485 cm -1 ) for the three compounds, which is on the same order of magnitude as vibrational dissymmetry factors reported for organic helicenes. [31] More striking are the high gvib values observed in the 1150 -1180 cm -1 region for the quinoline hexamer functionalized by a DFA at position 2, Q6DFA (2) . The strong dissymmetry factors in this region are accompanied by sign inversion of the spectral response, yielding gvib = -2  10 -4 and + 2.5  10 -4 for the bands at 1155 cm -1 and 1176 cm -1 , respectively. In chiroptical spectroscopies, bisignate signals combined with increased intensity are known to be related to an exciton coupling effect, i.e. two chromophoric parts of a chiral molecule with the same energy and close spatial arrangement interacting one with another. [32] In the case of Q6DFA ( 2) , the bands affected by this phenomenon were attributed to the C-C stretching vibration of the dimethyl groups of both DFA and camphanyl (vide supra). Thus, an interaction between the two moieties could be the cause of these observations. As mentioned above, the C=O band of the camphanyl ketone group is slightly blue shifted for Q6DFA (2) , a result also in line with an interaction between the functional group and the chiral inducer.

Conclusion

Quinoline oligoamide foldamers were functionalized at different positions of the oligomeric sequence in view of investigating the influence of positional isomerism on their photophysical properties. The helically-folded oligomers were prepared in their two enantiomeric forms and a set of optical and chiroptical characterization techniques was applied accordingly. The preferential position of a fluorophore substituent on the quinoline hexamers was therefore determined as being position 2 compared to position 6. The hexamers equipped with a DFA group at position 2 exhibited an approximately two-fold higher fluorescence quantum yield and emission lifetime compared to the positional isomers with the DFA at position 6. The impact of positional isomerism on the chiroptical properties was also remarkable as position 2 allowed the observation of induced ECD of the achiral fluorophore, while position 6 did not. Similarly a stronger CPL response was obtained with the helices bearing the DFA at position 2. Besides, the quinoline hexamers displayed singular chiroptical spectral features, as the reversal of ECD and CPL signals sign that was attributed to the ICT character of the lowest-energy transition. Finally, VCD analyses indicated spatial interactions between the DFA group at position 2 and the camphanyl chiral inducer at the N-terminus of the helical system, resulting in local exciton coupling effects. Overall, this study identifies positional isomerism as an efficient way to modulate the chiroptical properties of functionalized aromatic oligoamide foldamers in both the ground-state and the excited-state. Alternative molecular designs (e.g. longer oligomeric sequences, different position(s) of the functional group(s) etc) are currently under investigation in our group in view of deciphering other possible isomeric effects. Such studies will be reported in due course.

Experimental Section

Experimental Details are found in the Supporting Information.

Figure 1 .

 1 Figure 1. a) Sequences of quinoline oligoamide hexamers derivatized with a camphanyl chiral inducer (camph*) at the N-terminus. FG stands for the functional groups in positions 2 and 6 of the oligomeric sequence. b) Schematic representation and nomenclature of the quinoline hexamers studied herein. The number in parenthesis indicates the position of functional group(s) in the sequence. Q = quinoline, DFA = bis(9,9-dimethyl-9H-fluoren-2-yl)amine, CF3 = 1-ethynyl-3,5-bis(trifluoromethyl)benzene. c) Structural formulas of the quinoline monomers and of the chiral inducers (camph*).

Figure 2 .

 2 Figure 2. Side views of energy minimized structures (Maestro version 6.5 using MMFFs force field) of a) P-Q6DFA (6) , b) P-Q6DFA (2,6) , c) P-Q6DFA (2) CF3 (6) and d) P-Q6CF3 (2) DFA(6) . The helices are shown in stick representation and colorcoded as in Fig.1. The hydrogens and isobutoxy side chains are omitted for clarity.

Figure 3 .

 3 Figure3. Electronic absorption (solid line) and fluorescence emission (dotted line) spectra of the quinoline hexamers: Q6 (black), Q6DFA (2) (red), Q6DFA(6) (orange), Q6DFA(2,6) (blue), Q6DFA (2) CF3 (6) (green), Q6CF3 (2) DFA (6) (brown), recorded in CHCl3 (exc. = 370 nm).

  [b] C = 30 µM.[c] exc. = 370 nm.[d] exc. = 456 nm.

Figure 4 .

 4 Figure 4. ECD spectra of the quinoline hexamers: P-Q6 (black, solid line), M-Q6 (black, dotted line), P-Q6DFA (2) (red, solid line), M-Q6DFA (2) (red, dotted line), P-Q6DFA (6) (orange, solid line), M-Q6DFA (6) (orange, dotted line), P-Q6DFA(2,6) (blue, solid line), M-Q6DFA(2,6) (blue, dotted line), P-Q6DFA (2) CF3 (6) (green, solid line), M-Q6DFA (2) CF3 (6) (green, dotted line), P-Q6CF3 (2) DFA(6) (brown, solid line), M-Q6CF3 (2) DFA (6) (brown, dotted line), recorded in CHCl3 (C = 30 µM, 298 K).

  CD and CPL data recorded in chloroform solutions (C = 30 µM, 298 K). [b] glum = 2(IL -IR) / (IL + IR), where IL and IR are the intensities of the left-and righthanded circularly polarized emissions, respectively.

Figure 6 .

 6 Figure 6. Vibrational spectroscopy spectra of P-Q6 (black), P-Q6DFA (2) (red) and P-Q6DFA (6) (blue) recorded in CDCl3 (C = 3.1-5.5 mM, 298 K): a) IR absorption; b) VCD; c) calculated gvib = .

  

Acknowledgements

The University of Bordeaux (Ph. D. grant to K.M) and IdEx Bordeaux are greatly acknowledged for financial support. Keywords aromatic oligoamides • circularly polarized luminescence • foldamers • positional isomerism • vibrational circular dichroism