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Introduction

Mechanically interlocked molecules (MIMs) played a key role in the development of molecular machines. [1][START_REF]Institute and/or researcher Twitter usernames: @INC_CNRS -@Unistra[END_REF] On the other hand, such structures are also appealing scaffolds for the construction of photoactive molecular devices in which complementary chromophores are associated into a single molecular ensemble but without being connected through covalent chemical bonds. [3- 9] As a result, intercomponent photochemical events observed in such systems occur exclusively through space. [3][4][5][6][7][8][9] Sauvage was a pioneer in this particular field and his team has reported spectacular photoactive MIMs mimicking the ultra-fast charge separation observed in the natural photosynthetic system through the peculiar orientation of complementary porphyrinic moieties in rotaxanes and catenanes constructed by a metaltemplated approach. [3][4] The same construction principle has been also intensively used to prepare related photoactive fullerene-containing systems. [5][6] Further examples of photoactive MIMs in which through-space photoinduced electron or energy transfer events have been evidenced were also prepared by using other synthetic approaches. [7] As part of this research, we have recently shown that pillar [5]arene-containing rotaxanes are attractive scaffolds for the construction of photoactive MIMs. [8][9] Their synthesis was however particularly difficult and new efficient methods for the preparation of pillar [5]arene-containing rotaxanes are needed to further develop this particular field. This prompted us to develop synthetic methodologies based on stopper exchange reactions from rotaxane building blocks incorporating 2,4-dinitrophenyl ester or 3,5-bis(trifluoromethyl) benzenesulfonate stoppers. [10][11][12] While very efficient for the preparation of rotaxanes incorporating an ethoxy functionalized pillar [5]arene moiety, major limitations of these building blocks are related to their moderate stability in particular on silica gel. As a result, their purification is often challenging. In order to solve this stability issue, we decided to further explore this strategy with new exchangeable stoppers. In this paper, we now report the preparation of pillar [5]arene-containing rotaxanes with pentafluorophenyl ester stoppers. These building blocks have been obtained in almost quantitative yields and are perfectly stable on silica gel thus allowing easy purifications. When compared to the previous building block with 2,4-dinitrophenol leaving groups, [10] the stopper exchange is not only limited to the reaction with amines to afford rotaxanes with amide stoppers. Effectively, rotaxanes with ester or thioester stoppers have been also efficiently prepared by treatment of the pentafluorophenyl ester derivatives with alcohol, phenol or thiol reagents. Moreover, all the reported chemical transformations could be achieved in solution but also under mechanochemical solvent-free conditions. Finally, this new methodology has been successfully applied to the construction of a photoactive MIM incorporating a fullerene-functionalized pillar [5]arene derivative.

Results and Discussion

Preparation of the [2]rotaxane building block. Pillar [5]arenecontaining rotaxane building blocks incorporating activated ester stoppers are attractive building blocks for the preparation of a large variety of rotaxanes. We have recently shown that 2,4dinitrophenyl esters are well suited for such a purpose. [10] However, partial hydrolysis of the 2,4-dinitrophenol ester functions was observed on silica gel and purification of the rotaxane building blocks was only possible by recrystallisation. This strategy was efficient when ethoxypillar [5]arene was used as starting material but the preparation of related rotaxanes from more sophisticated pillar [5]arene derivatives was found difficult. It was thus decided to explore alternative activated stoppers for the construction of pillar [5]arene-containing rotaxanes. Pentafluorophenyl ester derivatives attracted our attention. Owing to their easy preparation and their good stability, such derivatives are widely used to activate carboxylic acids for the efficient preparation of amides and esters. [13][14] Based on molecular modeling, the pentafluorophenyl unit appears to be bulky enough to prevent the pillar [5]arene moiety from escaping the thread of the rotaxane. The preparation of a [2]rotaxane with pentafluorophenyl ester stoppers was first tested starting from ethoxypillar [5]arene 1 and diacyl chloride 2 (Scheme 1).

Scheme 1. Preparation of rotaxane building block 4 and dumbbell 5. Reagents and conditions: (i) 2, Et3N, CHCl3, -15°C (98%); (ii) 2, CHCl3, -15°C then evaporation; (iii) 3, Et3N, mixing in a Retsch MM400 mill at 30 Hz for 3 h (94%); (iv) 3, Et3N, CH2Cl2, 0°C (87%).

Successful rotaxane preparation relies on the ability of 1 and 2 to self-assemble into the appropriate pseudo-rotaxane precursor. The association constant (Ka) for the 1:1 supramolecular complex obtained from 1 and 2 is rather low (logKa = 1.85 in CDCl3 at 25°C). [15] It is therefore essential to properly adjust the experimental conditions used for the introduction of the stoppers in order to favor the assembly of 1 with 2. For this reason, all the stoppering reactions were performed at the highest possible concentration and at the lowest possible temperature (-15°C). The reaction of diacyl chloride 2 with pentafluorophenol (3) in the presence of an excess of pillar [5]arene 1 (2 equiv.) and Et3N in CHCl3 afforded the desired rotaxane together with small amounts of by-product 5 resulting from the reaction of uncomplexed 2 with 3. Compounds 4 and 5 were conveniently separated by column chromatography on silica gel. Rotaxane 4 was thus obtained pure in 75% yield and by-product 5 in 19% yield. Compound 5 was also prepared independently in 87% yield by treatment of diacyl chloride 2 with pentafluorophenol (3). Importantly rotaxane 4 and dumbbell 5 were perfectly stable on silica gel and partial hydrolysis of their ester functions was not observed as in the case of the corresponding 2,4-dinitrophenyl derivatives. The preparation of 4 was further improved by starting from a larger excess of 1 (3 equiv.). Under these conditions, the formation of the inclusion complex between 1 and 2 was more favorable and compound 4 was isolated in a nearly quantitative yield (98%). The preparation of 4 was also achieved under mechanochemical solvent-free conditions (Scheme 1). [16][START_REF]For other examples of mechanochemical synthesis of MIMs[END_REF][START_REF] Friščić | For reviews on supramolecular concepts in mechanochemistry[END_REF] In this particular case, the host-guest complex [1⊂2] was prepared first and used in the solid state as received for the stoppering reaction. Specifically, a 2:1 mixture of 1 and 2 was dissolved in a minimum of CHCl3. [16] The resulting solution was cooled at -15°C to favor the assembly of the desired inclusion complex and then evaporated to dryness without heating. The colorless solid thus obtained was transferred into a stainless-steel grinding vial containing pentafluorophenol (2.5 equiv.), Et3N (2.5 equiv.) and four stainless steel balls. The resulting mixture was mixed in a Retsch MM400 mill at 30 Hz for 1 h. Rotaxane 4 was thus obtained in 78% yield. The corresponding dumbbell (5) was also isolated as a by-product in 20% yield. To further improve the formation of inclusion complex [1 ⊂ 2], the same procedure was applied starting from a 3:1 mixture of 1 and 2. Under these conditions, 3 hours of mixing were necessary to complete the reaction. Rotaxane 4 was isolated in 94% yield and the corresponding unthreaded axle byproduct (5) could not be detected anymore. The outcome of the solvent-free stoppering reactions is therefore mainly dependent on the initial conditions used for the preparation of the neat samples of [1⊂2] but dissociation of the host-guest complex initially formed does not occur in the solid state during the mechanochemical treatment. Rotaxane 4 was found stable for several months under normal laboratory conditions and could be stored without particular precaution. As anticipated, the pentafluorophenyl ester groups are large enough to prevent the pillar [5]arene moiety of 4 from escaping its axle. Compound 4 was effectively stable in solution and no dissociation could be evidenced even upon heating THF or CHCl3 solutions of 4 under reflux for several hours. The NMR and mass spectra recorded for 4 were in full agreement with the proposed structure (see ESI). The formation of rotaxane 4 was further evidenced by X-ray crystallography. Crystals suitable for X-ray crystal-structure analysis were obtained by slow diffusion of diethyl ether into a CH2Cl2 solution of compound 4. As shown in Figure 1, the -(CH2)10chain of the axle component of rotaxane 4 does not adopt a fully extended form with all the successive methylene groups in an anti-conformation. Effectively, gauche conformations are almost exclusively observed for the decyl chain of 4 in the solid state. This peculiar conformation is most probably not related to the maximization of the intramolecular C-H⋯ interactions between the two components of the rotaxane. Effectively, in most of the X-ray crystal structures reported to date for analogous rotaxanes, [10][11] the methylene units of the alkyl chains are typically in a fully extended all-anti conformation. In the particular case of 4, packing forces are likely responsible for the observed gauche conformations adopted by the decyl chain. The resulting
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contraction of the axle moiety allows most probably for optimized intermolecular contacts in the crystal lattice and the strain energy resulting from the adopted gauche conformations is thus compensated. This view is supported by the observation of intermolecular - interactions of the electron-deficient pentafluorophenyl aromatic rings with electron-rich hydroquinone subunits of neighboring pillar [5]arenes leading to the formation of infinite supramolecular chains in the crystal lattice (Figure 1B). Stopper exchange reactions. The preparation of rotaxanes 7ag with amide stoppers was attempted by reaction of building block 4 with the corresponding amine reagents (6a-g, Scheme 2). All the reactions were performed in anhydrous THF. When primary amine reagents (6a-c) were used, the stopper exchange reactions with 4 were complete after 5 hours at room temperature. The desired amide rotaxanes 7a-c were thus obtained in almost quantitative yields. In contrast, the stopper exchange reactions were very slow when secondary amine and aniline reagents (6d-g) were used. Rotaxane 7d was only obtained in a moderate yield (26%) upon heating the reaction mixture under reflux for 3 days. By further increasing steric effects, the reactivity of the amine reagent was totally vanished thus preventing the formation of rotaxane 7e from 4 and 6e. On the other hand, the reaction of 4 with aniline 6f was complete after heating the THF solution under reflux for 24 h and afforded rotaxane 7f in 62% yield. Aniline 6g is a weak nucleophile due to the presence of the electron-withdrawing CF3 substituents and the reaction with 4 was particularly slow. After 7 days, the desired amide rotaxane (7g) was obtained in only 5% yield. Overall, the results obtained for the stopper exchange reactions of 4 are very similar to those reported for the corresponding rotaxane building block with 2,4-dinitrophenyl ester stoppers and similar limitations are observed. [10] Almost any primary alkylamine reagents can be efficiently grafted onto the rotaxane scaffold by reaction with both pentafluorophenyl and 2,4dinitrophenyl ester building blocks. This strategy is however less efficient as soon as the nucleophilicity of the starting material is reduced by either steric hindrance in the case of secondary amines or electronic effects in the case of anilines. It can be noted that the reaction of 4 with amines 6a and 6c-g were also performed under mechanochemical solvent-free conditions. Whereas no stopper exchange reactions took place in the case of secondary amine 6e and anilines 6f-g, mixing 4 in the presence of an excess of the appropriate amine reagents (6a, 6c or 6d, 8 equiv.) in a Retsch MM400 mill at 30 Hz for 1.5 hours gave the corresponding rotaxanes (7a, 7c and 7d). Under these optimized conditions, the isolated yields were similar to the ones obtained for the reactions performed in THF solutions. The use of a large excess of amine reagents (8 equiv.) was mandatory to achieve the stopper exchanges in good yields under mechanochemical conditions. This was not the case in solution where stochiometric amounts of the amine reagent are sufficient to complete the amide formation. For this reason, wet conditions are more convenient to achieve stopper exchange reactions from building block 4 and amine reagents.

Scheme 2. Stopper exchange reactions with amine reagents. Reagents and conditions: (i) 4, THF (7a: quantitative, 7b: 96%, 7c: 99%, 7d: 26%, 7e: 0%, 7f: 62%, 7g: 5%); (ii) 4, mixing in a Retsch MM400 mill at 30 Hz for 1.5 h (7a: 98%, 7c: 92%, 7d: 24%, 7e-g: 0%).

The stopper exchange reactions of 4 with a series of phenol, alcohol and thiophenol reagents were also successfully achieved (Scheme 3). In our hands, related reactions starting from the rotaxane building block with 2,4-dinitrophenyl ester stoppers were at best low-yielding and decomposition of the starting material was typically faster than the formation of the desired products. The increased stability of the pentafluorophenyl ester subunits of 4 is therefore not only an advantage for purification purposes but it allows also to prepare rotaxanes with a larger structural diversity. Under optimized conditions, treatment of compound 4 with an excess of phenol 8a (4 equiv.) in the presence of 1,8-diazabicyclo(5.4.0)undec-7ene (DBU, 2.05 equiv.) in THF as a base provided rotaxane 9a in 57% yield. Applying these conditions to the other phenol or alcohol reagents gave however unsatisfactory results and the desired rotaxanes were generally thus obtained in low to moderate yields. Side products resulting from the partial hydrolysis of the rotaxanes were also typically formed under these conditions. This prompted us to test other organocatalysts for the transesterification reactions. The best results were obtained with 1,4,7-triazabicyclo[4.4.0]dec-5-ene (TBD). [14] Reaction of 4 with the phenol or alcohol starting materials (8a-h, 4 equiv.) and TBD (2.05 equiv.) in THF at room temperature gave the corresponding rotaxanes 9a-h without formation of byproducts. The use of a large excess of 8a-h was mandatory for a complete conversion. This observation suggests that an equilibrium is reached in solution and the excess of 8a-h is necessary to fully drive the equilibrium towards the formation of the desired products. Rotaxanes 9a-h were thus prepared in good yields. The only exception was 9b. In this particular case the bis(trifluromethyl)phenyl ester is also an activated ester [12f] and the use of 4 equiv. of 8b was certainly not sufficient to fully displace the equilibrium towards the complete formation of 9b.

The conditions used for the preparation of rotaxane diesters 9ah were also successful for the preparation of 9i starting from 4 and thiophenol 8i. Rotaxane 9i with two thiophenyl ester stoppers was thus obtained in 71% yield.

Scheme 3. Stopper exchange reactions with phenol, alcohol and thiophenol reagents. Reagents and conditions: (i) 4, TBD, THF (9a: 86%, 9b: 19%, 9c: 79%, 9d: 97%, 9e: 86%, 9f: 63%, 9g: 80%, 9h: 81%, 9i: 71%); (ii) 4, TBD, mixing in a Retsch MM400 mill at 30 Hz for 2 h (9a: 82%, 9b: 88%, 9c: 92%, 9d: 78%, 9e: 86%, 9f: 88%, 9g: 87%, 9h: 87%, 9i: 97%).

Compounds 9a-i were also prepared under mechanochemical solvent-free conditions (Scheme 3). A mixture of rotaxane 4, the appropriate nucleophile (8a-i, 2.3 equiv.) and TBD (2.3 equiv.) was mixed in a Retsch MM400 mill at 30 Hz for 2 h. Rotaxanes 9a-i were thus obtained in 78-97% yields. The transesterification reactions were clearly more efficient under the solvent-free conditions. Moreover, only a slight excess of 8a-i was necessary to complete the reactions thus making the purification of the resulting rotaxanes easier. All the rotaxanes were fully characterized by NMR and IR spectroscopies and mass spectrometry. Their purity was confirmed by elemental analysis data. Crystals suitable for X-ray structure analysis were obtained for rotaxanes 9c and 9d. The structures are depicted in Figure 2. Both compounds are chiral owing to their D5-symmetry imposed by the pillar [5]arene subunits. Both 9c and 9d crystallized as racemates. Close inspection of the packing in the crystal lattice of 9c along the crystallographic a axis revealed alternated layers of both enantiomers. Within these layers, the rotaxanes are organized in infinite supramolecular chains through the establishment of - interactions between the stoppers of neighboring molecules (Figure 2B). As a result, this supramolecular organization does not generate specific packing constrains as observed in the case of 4. Therefore, the decyl chain of the axle component of 9c is not compressed by the packing forces and adopts a fully extended all-anti conformation in the solid state. In the case of rotaxane 9d, the supramolecular organization is more complex due to the existence of two OH conformers within the crystal lattice (Figure 2C). For the first one, the decyl chains adopts a linear all anti conformation. In contrast, the second one is twisted due to the gauche conformation adopted by two successive methylene subunits located outside the cavity of the pillar [5]arene moiety. In the case of 9d, close inspections of the crystal lattice revealed no particular - interactions between neighboring molecules and the packing is mainly dominated by Van der Waals forces.

Preparation of fullerene-containing photoactive rotaxanes.

The preparation of a wide range of rotaxanes was successively achieved by stopper exchange reactions from key precursor 4.

To further evaluate the potential of this new methodology, it was decided to prepare building block 11 starting from fulleropillar [5]arene 10 in order to prepare a photoactive MIM by the grafting of complementary photoactive stoppers to the fullerorotaxane scaffold (Scheme 4). Compound 10 was prepared as previously described. [9] Owing to the moderate solubility of 10 in CHCl3, the reaction conditions optimized for the preparation of compound 4 had to be adapted. In order to favor the incorporation of 10 in host-guest complexes, an excess of diacyl chloride 2 (3 equiv.) was used in this case. Treatment of the 3:1 mixture of 2 and 10 dissolved in a minimum of CHCl3 with pentafluorophenol (3) in the presence of Et3N at -15°C afforded 11. After work-up and purification, rotaxane 11 was obtained in 82% yield. The 1 H NMR spectrum of 11 showing the diagnostic signals of both subunits was fully consistent with the proposed structure. Moreover, the dramatic shielding observed for the signals arising from the methylene groups of the axle moiety provides definitive evidence for the interlocked structure of 11. The up-field shifted chemical shifts of these signals results actually from their location within the cavity of the macrocycle and is due to the ring current effect of the fulleropillar [5]arene hydroxyquinone subunits. The MALDI-TOF mass spectrum of 11 showing the expected molecular ion peak at m/z = 2170.65 ([M] + , calcd for C139H88F10O14: 2170.60) as the base peak fully confirmed the structure of this compound. The reaction conditions developed for the preparation of diamide [2]rotaxanes from 4 were then applied to 11. Treatment of 11 with primary amine 6a in THF provided rotaxane 12a in 67% yield. Finally, incorporation of photoactive boron-dipyrromethene (Bodipy) stoppers was achieved by reaction of 11 with 6b. For solubility reasons, the stopper exchange reaction was carried out in a 2:1 THF/CHCl3 mixture. Photoactive MIM 12b was thus obtained in 71% yield. Rotaxanes 12a-b were characterized by a combination of several analytical techniques. In both cases, the expected molecular ion peak was observed in their MALDI-TOF mass spectra. The NMR data were also fully consistent with the proposed structures. Compound 12b combines complementary chromophore subunits, namely a fullerene moiety grafted onto the macrocyclic unit and two Bodipy subunits acting as stoppers. [START_REF] Ziessel | For selected examples of covalent photoactive molecular devices combining C60 with Bodipy dyes[END_REF] The ground state absorption spectra of rotaxane 12b and model compounds 6b, 7b and 12a recorded in CH2Cl2 are depicted in Figure 3. The absorption spectrum of model Bodipy compounds 6b and 7b are dominated by an intense band centered at 524 and 526 nm, respectively. This band is attributed to the lowest energy spin-allowed -* transition of the Bodipy chromophore. [20] The typical higher energy -* transitions of the bodipy moieties [20] are also observed in the 280-380 nm region for both compounds. Comparison of the molar extinction coefficients () of 6b and 7b are fully consistent with the presence of two Bodipy subunits in the rotaxane and the differences observed for 6b and 7b between 270 and 340 nm are due to transitions centered on the pillar [5]arene moiety of 7b which are also contributing to the overall absorption in the UV region. On the other hand, the absorption spectrum of model rotaxane 12a displays the characteristic features of methanofullerene derivatives [21] with a very intense band in the UV (259 nm,  = 113800 M -1 cm -1 ) and a much weaker and broad absorption in the all visible region. The very weak band observed at 702 nm ( = 320 M -1 cm -1 ) is attributable to the lowest singlet transition. [21] The absorption spectrum of multicomponent fullerene-Bodipy system 12b shows the characteristic features of both chromophores. Comparison with the absorption spectra of the corresponding model compounds 7b and 12a revealed only very minor differences and groundstate electronic interactions between the Bodipy stoppers and the central C60 subunit are negligible. Emission spectra were also recorded for compounds 6b, 7b and 12a-b in CH2Cl2 solutions at room temperature. Under our experimental conditions, the extremely weak fullerene emission (em < 0.0001) [21] could not be detected for compound 12a. In contrast, model compounds 6b and 7b exhibit the typical strong emission of Bodipy dyes at 535 nm (exc = 490 nm). As shown in Figure 3B, the bodipy fluorescence is still detected for compound 12b upon excitation at 490 nm where most of the light is absorbed by the Bodipy. However, comparison of the emission intensity of isoabsorbing solutions of 7b and 12b revealed a dramatic quenching (ca. 96%) of the Bodipy emission by the fullerene moiety in 12b despite the absence of covalent linkage between these chromophores (Figure 3B). The bodipy dyes used as stoppers in 12b are not particularly strong electron donors neither in their ground nor excited states. [22] The Bodipy singlet excited state in 12b is most likely quenched by an efficient energy transfer to populate the first fullerene singlet excited state. Whereas it was not possible to fully confirm the energy transfer mechanism by monitoring the weak fullerene emission with our experimental setup, the low electron donating ability of the Bodipy stoppers in 12b was supported by DFT calculations (see ESI for the details). The highest occupied molecular orbital (HOMO) is indeed located on hydroquinone subunits of the pillar [5]arene subunit of 12b and not on the Bodipy stoppers. Only the HOMO-1 and HOMO-2 were found on the Bodipy subunits (Figure 4). As expected, the lowest occupied molecular orbital (LUMO) is located on the fullerene moiety of 12b. Owing to possible shuttling motions of the pillar [5]arene moiety along the axle of rotaxane 12b and to the overall conformational flexibility of the system, the Bodipy-fullerene distance is fluctuating over a large range. Based on the theoretical calculations, when the fullerenopillar [5]arene is close to one Bodipy stopper in 12b (Bodipy-fullerene distance of ca. 4 Å), the distance to the second Bodipy unit is quite large (ca. 22 Å). The though space quenching of the Bodipy emission is very efficient and apparently insensitive to dynamic fluctuations of the Bodipyfullerene distance in 12b. This is also in favor for a Bodipy to fullerene singlet-singlet energy transfer mechanism upon photoexcitation of the Bodipy subunits.

Conclusion

Rotaxane 4 incorporating pentafluorophenol ester stoppers has been prepared in a nearly quantitative yield. This building block is easily affordable on a multi-gram scale. It is also perfectly stable under standard laboratory conditions thus allowing storage for several months before further transformation. Stopper exchange reactions have been carried out from 4 and various nucleophiles to generate a wide range of pillar [5]arenecontaining rotaxanes in high yields. The pentafluorophenyl ester activation method has been also applied to the construction of more sophisticated [2]rotaxanes incorporating a fullerenefunctionalized pillar [5]arene moiety. This allowed us to easily prepare a photoactive MIM in which through space intercomponent photoinduced events have been evidenced. The versatility of this new methodology and its application for the easy construction of sophisticated rotaxanes are clear advantages for future developments in the field as the preparation of new molecular machines, advanced materials or bioactive compounds based on MIMs will not be limited by their synthesis anymore.

Experimental Section

Synthesis

The preparation and characterization of all the new compounds are described in the Supporting Information. Compounds 1 [23] , 6b [24] and 10 [9] were prepared according to previously reported procedures.

X-ray crystal structures

The crystallographic data and the refinement parameters are reported in the Supporting Information for all the compounds. The X-ray crystal structures have been deposited at the Cambridge Structural Database (CCDC deposition numbers: 2058646 for 4, 2058647 for 9c, and 2059867 for 9d). These data are provided free of charge by the joint Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access Structures service (https://www.ccdc.cam.ac.uk/structures).
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 1 Figure 1. (A) ORTEP plot of the structure of 4 (H: white, F: light green, O: red, C: grey for the dumbbell and pale blue for the pillar[5]arene moiety; the disorder of some methylene groups of the decyl chain has been omitted for clarity; thermal ellipsoids are shown at 30% probability level). (B) Stacking within the 4 lattice highlighting the intermolecular - interactions of the pentafluorophenyl stoppers with the pillar[5]arene subunits of neighbouring rotaxanes.

Figure 2 .

 2 Figure 2. (A) ORTEP plot of the structure of 9c (the two co-crystallized Et2O molecules are omitted for clarity, thermal ellipsoids are shown at 30% probability level). (B) Stacking within the 9c lattice highlighting the intermolecular - interactions between the stoppers of neighbouring rotaxanes. (C) ORTEP plot of the two conformers of 9d present in the crystal lattice (thermal ellipsoids are shown at 30% probability level). Colour code: H: white, O: red, C: grey for the dumbbell and pale blue for the pillar[5]arene moiety.

Scheme 4 .

 4 Scheme 4. Preparation of fullerene-containing rotaxanes. Reagents and conditions: (i) 2, 3, Et3N, CHCl3, -15°C (82%); (ii) 6a, THF (12a: 67%); (iii) 6b, THF/CHCl3 (12b: 71%).

Figure 3 .

 3 Figure 3. (A) Absorption spectra of 6b (blue), 7b (black), 12a (green) and 12b (red) recorded in CH2Cl2 at 25°C. (B) Emission spectra of isoabsorbing solutions of compounds 7b (black) and 12b (red) in CH2Cl2 at 25°C (exc = 490 nm) and schematic representation of the photoexcitation of the Bodipy moiety followed by a strong emission in the case of 7b and by energy transfer (ET) in the case of 12b.

Figure 4 .

 4 Figure 4. Frontier molecular orbitals calculated at the B3LYP/6-31G* level for compound 12b. In the calculated structure, the boron atoms of the two stoppers are separated by a distance of 32.18 Å.
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