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Coordination-driven Pt metallacycles have shown potential in controllable modular self-assembly, which has made a vital contribution to biomedicine, catalysis, and multiresponsive materials. Herein, pillar[5]arene units were integrated into one skeleton through coordination-driven self-assembly, resulting in the formation of a hexagonal Pt(Ⅱ) metallacycle decorated with six pillar[5]arenes. The host-guest interactions of the as-prepared metallacycle (pillar[5]arenes as hosts) and 1-butyl-4-[4-(diphenylamino)styryl]pyridinium (guest) were investigated. The metallacycle was found to facilitate the coaggregation between the guests and pillar[5]arenes through a synergistic effect, thus engendering a sharp increase in fluorescence intensity. The resultant aggregate was investigated by DLS and TEM. Our studies imply that the pillar[5]arene-containing metallacycle can serve as a potential platform for realizing emission enhancement effects.

Coordination-driven suprastructures such as platinum-based architectures have attracted increasing attention due to their widespread applications. Over the past few decades, research in this field has led to a wide variety of 2D and 3D molecular metalorganic complexes with different shapes and sizes. [START_REF] Sepehrpour | Biomedically Relevant Self-Assembled Metallacycles and Metallacages[END_REF][START_REF] Sun | Recent Developments in the Construction and Applications of Platinum-Based Metallacycles and Metallacages via Coordination[END_REF] Recently, efforts have shifted from preparing new architectures to developing functional systems and exploiting their properties. Thus, various segments were introduced into ligands to meet these requirements. [START_REF] Yao | 2D Amphiphilic Organoplatinum(Ⅱ) Metallacycles: Their Syntheses, Self-Assembly in Water and Potential Application in Photodynamic Therapy[END_REF][START_REF] Sun | Assembly of Metallacages into Soft Suprastructures with Dimensions of up to Micrometers and the Formation of Composite Materials[END_REF][START_REF] Yu | Host-guest Complexationmediated Codelivery of Anticancer Drug and Photosensitizer for Cancer Photochemotherapy[END_REF][START_REF] Hu | Construction of Supramolecular Liquid-Crystalline Metallacycles for Holographic Storage of Colored Images[END_REF][START_REF] Li | Trackable Supramolecular Fusion: Cage to Cage Transformation of Tetraphenylethylene-Based Metalloassemblies[END_REF] Currently, the combination of metallacycle/metallacage and macromolecular hosts has been reported. For example, Zhang et al. used a crown ether-modified metallacage to promote the formation of supramolecular polymers through host-guest interactions. [START_REF] Zhang | Metallacycle-Cored Supramolecular Assemblies with Tunable Fluorescence Including White-Light Emission[END_REF][START_REF] Lu | Fluorescent Metallacage-Core Supramolecular Polymer Gel Formed by Orthogonal Metal Coordination and Host-Guest Interactions[END_REF] As another important member of macromolecular hosts, pillar [n]arenes can be easily chemically modified [START_REF] Ogoshi | Facile, Rapid, and High-Yield Synthesis of Pillar[5]arene from Commercially Available Reagents and Its X-ray Crystal Structure[END_REF][START_REF] Strutt | Functionalizing Pillar[n]arenes[END_REF][START_REF] Ogoshi | Pillar-Shaped Macrocyclic Hosts Pillar[n]arenes: New Key Players for Supramolecular Chemistry[END_REF] , and such modification is of interest in molecular recognition, [START_REF] Yu | Pillar[6]arene/Paraquat Molecular Recognition in Water: High Binding Strength, pH-Responsiveness, and Application in Controllable Self-Assembly, Controlled Release, and Treatment of Paraquat Poisoning[END_REF] separation [START_REF] Jie | Styrene Purification by Guest-Induced Restructuring of Pillar[6]arene[END_REF] , and assembly [START_REF] Ogoshi | Applications of Pillar[n]arene-Based Supramolecular Assemblies[END_REF] . However, most research has focused on the investigation of pillar[n]arenes themselves. [START_REF] Ogoshi | Pillar-Shaped Macrocyclic Hosts Pillar[n]arenes: New Key Players for Supramolecular Chemistry[END_REF] The construction and application of complicated pillar[n]arene-based systems remain to be explored.

Organic molecular dyes are versatile tools. They are widely employed in multiple fields including imaging, sensing, and phototherapy. [START_REF] Schä Ferling | The Art of Fluorescence Imaging with Chemical Sensors[END_REF][START_REF] Jung | Organic Molecule-Based Photothermal Agents: An Expanding Photothermal Therapy Universe[END_REF][START_REF] Ding | Recent Advances in Near-Infrared Ⅱ Fluorophores for Multifunctional Biomedical Imaging[END_REF] Nevertheless, many of them suffer from aggregation-caused quenching effects that considerably restrict their applications. In 2001, Tang's group reported the opposite phenomenon: a molecular dye showed negligible fluorescence in the discrete state but emitted intense fluorescence in the aggregated state, termed aggregation-induced emission (AIE). [START_REF] Luo | Aggregation-Induced Emission of 1-Methyl-1[END_REF] Most recently, Zheng et al. elucidated the fluorescence emission mechanism of AIE luminogens (AIEgens). [START_REF] Guan | Direct Observation of Aggregation-Induced Emission Mechanism[END_REF] Although AIEgens are highly emissive in the solid-state, their fluorescence intensity in solution varies due to the degree of aggregation. Thus, rational design of the chemical structure of AIEgens is required to favor their assembly in the corresponding solvents. Alternatively, the incorporation of AIE-active groups into a macrocycle is conducive to the formation of aggregates. Recently, AIEactive building blocks were introduced into Pt(Ⅱ) metallacycles/metallacages. [START_REF] Yan | A Suite of Tetraphenylethylene-Based Discrete Organoplatinum (Ⅱ) Metallacycles: Controllable Structure and Stoichiometry, Aggregation-Induced Emission, and Nitroaromatics Sensing[END_REF][START_REF] Sun | Self-Assembly of Metallacages into Multidimensional Suprastructures with Tunable Emissions[END_REF] Accordingly, the resulting metallacycles/metallacages are superior to their AIE-active precursors in terms of optical properties.

Herein, we incorporated pillar [5]arenes into a hexagonal Pt(Ⅱ) metallacycle to endow it with the ability to accommodate AIEgens. Hence, the metallacycles are able to recognize AIEgens through pillar [5]arene-based host-guest interactions. We envisioned that the coaggregation of AIEgens with Pt(Ⅱ) metallacycles would lead to the enhancement of their emissions. The formation of metallacycle 7 was established by NMR ( 31 P, 1 H, and 2D DOSY) spectroscopy and electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS) analysis. As shown in Figure 1a, a singlet with concomitant 195 Pt satellites (δ = 12.76 ppm) was observed for 7 in its 31 P NMR spectrum, which confirmed a single phosphorus environment. In addition, the 31 P NMR spectrum showed an upfield shift by 7.4 ppm in comparison with that of its precursor 6, which was attributed to an increase in electron density as a result of the electron back-donation from the metal center, thus demonstrating the formation of Pt-N coordination bonds between 4 and 6. In The design of guest molecule 8 with potential AIE effects was based on the previously reported AIEgen 9 [START_REF] Wang | Rational Design of a Water-Soluble NIR AIEgen, and Its Application in Ultrafast Wash-Free Cellular Imaging and Photodynamic Cancer Cell Ablation[END_REF] and the identified guest 10 24 (Figure 2a). Such a molecular design endowed 8 with pillar [5]arene binding abilities and potential AIE properties. Compound 8 was prepared [START_REF] Wang | Rational Design of a Water-Soluble NIR AIEgen, and Its Application in Ultrafast Wash-Free Cellular Imaging and Photodynamic Cancer Cell Ablation[END_REF] (Scheme S7) and then used for the investigation of its host-guest interactions with pillar [5]arenes.

To avoid the potential aggregation of 7 at high concentrations, [START_REF] Li | Recent Developments in the Construction of Metallacycle/Metallacage-Cored Supramolecular Polymers via Hierarchical Self-Assembly[END_REF] a preliminary host-guest analysis was conducted using 3 and 8. Their binding behaviors were studied by [START_REF] Sepehrpour | Biomedically Relevant Self-Assembled Metallacycles and Metallacages[END_REF] H NMR titration of 3 into a 20 mM solution of 8 in acetone-d6. As shown in the stacked 1 H NMR spectra (Figure S3), the proton signals corresponding to the n-butyl group and the pyridinium moiety of 8 shifted upfield upon the gradual addition of 3. Such chemical shift changes reached a plateau after the addition of more than one equivalent of 3 to the solution of 8. These data imply that the N-butylpyridinium portion of 8 mainly interacts with the electron-rich cavity of 3. A mole ratio plot for the complexation between 3 and 8 demonstrated a 1:1 stoichiometry of the complex (Figure S4).

The association constant (Ka) of 3⊃8 (pillararene⊃guest complexes, PGC) was determined to be (1.95 ± 0.63) × 10 3 M -1 in acetone-d6 using a nonlinear curve fitting analysis (Figure S5). [START_REF] Ma | A Cationic Water-Soluble Pillar[5]arene: Synthesis and Host-Guest Complexation with Sodium 1-Octanesulfonate[END_REF] Based on these data, the exploration of host-guest interactions between 7 and 8 (Figure 2b) was carried out in acetone-d6. Pronounced upfield shifts were observed for protons Hm, Ho, Hp, and Hq on 8 upon the addition of 7 (Figure 2c). These chemical shift changes of the protons on 8 were in agreement with those caused by the complexation of 8 and 3. Moreover, such upfield shifts were reversed upon the addition of 1,6-dibromohexane (DBH, 20 mM), an identified guest of pillar [5]arene, [START_REF] Liu | Efficient Synthesis of Copillar[5]arenes and Their Host-Guest Properties with Dibromoalkanes[END_REF] to the solution of 7⊃8 (metallacycle⊃guest complexes, MGC). This result further indicates that 8 binds to 7 through the hostguest interaction with the pillar [5] showed only weak fluorescence emission, whereas MGC in the same medium emitted strong fluorescence that was ~166 times higher than that in acetone (Figures 3a andS9). The drastic increase in the fluorescence intensity of MGC in an acetone/water (5:95) mixture can be ascribed to metallacycle-assisted coassembly. To gain insight into the role of 7 in fluorescence enhancement, we collected the fluorescence spectra of MGC in acetone/water mixtures with different water fractions. The increase in the water fraction from 0% to 60% did not produce significant variations in fluorescence intensity. However, the fluorescence intensity and quantum yield of MGC in acetone/water mixtures increased when the water fraction exceeded 70% (Figures 3b andS10b, Table S1). Such a phenomenon is consistent with AIE behavior. To demonstrate the existence of aggregates and ascertain their morphology, we performed dynamic light scattering (DLS) measurements and transmission electron microscopy (TEM) imaging. DLS analysis indicated that the average hydrodynamic diameter of the aggregates of MGC was ~80 nm in the acetone/water (5:95) mixture, while TEM analysis demonstrated the formation of aggregates (Figures S7 andS8). As shown in Figure 3c, spherical aggregates were also observed by scanning TEM (STEM), which showed good agreement with the DLS and TEM results. Energy dispersive X-ray (EDX) mapping analysis confirmed the homogeneous distribution of C, N, O, and Pt across the particles, and the analysis provided evidence that the assemblies were composed of pillar [5]arenes and platinum acceptors.

Moreover, the fluorescence of MGC in the acetone/water (5:95) mixture was almost completely quenched after the addition of 500 μM DBH (Figure S11). This phenomenon can be attributed to the fact that DBH replaces 8 in the cavity of the pillar [5]arene unit in a competitive manner. Consequently, compound 8 was no longer in the aggregated state, thus showing negligible fluorescence emission. The substantial DBHinduced decrease in fluorescence intensity provides further evidence that the fluorescence augmentation of MGC in an acetone/water mixture is due to metallacycle-assisted coassembly. The amplification of the AIE effect through MGC was applied to recognize the potential guests by visualization. Various concentrations of lutein, β-carotene, glucose, α-lactose, D-galactose, β-D-galactose pentaacetate, D-(-)-arabinose, or DBH were added to a solution of MGC in acetone/water (5:95), and then fluorescence photographs were taken under 365 nm UV irradiation. Columns A, B, and H with lutein, β-carotene, and DBH, respectively, exhibited considerable changes in fluorescence (Figure S12). Among them, β-carotene and DBH are well-documented guests of pillar [5]arenes, [START_REF] Liu | Efficient Synthesis of Copillar[5]arenes and Their Host-Guest Properties with Dibromoalkanes[END_REF][START_REF] Sun | Stimulus-Responsive Light-Harvesting Complexes Based on the Pillararene-Induced Co-assembly of β-Carotene and Chlorophyll[END_REF] while host-guest interactions between lutein and 7 are further confirmed by fluorescence studies. The changes in fluorescence of MGC upon the addition of lutein are consistent with those caused by DBH (Figures 3d and3e). These results indicate that the MGC-based platform is suitable for screening the guests of pillar [5]arenes.

In conclusion, a hexagonal Pt(Ⅱ) metallacycle decorated with six pillar [5]arenes was prepared to provide a platform due to synergistic effects. AIE effects were used to confirm this tendency. As demonstrated above, metallacycles were found to promote the aggregation of guests in acetone/water mixtures through metallacycle-based host-guest interactions. As a result, the solution of MGC in acetone/water (5:95) showed a strong fluorescence emission that was 166 times higher than that in acetone. It is expected that these findings will provide a basis for the design and synthesis of host-based metallacycles/cages and may enable the development of a range of host-containing new materials.

2 / 6 Scheme 1 .

 261 Scheme 1. (a) Synthetic route to 120° monofunctionalized pillar[5]arene donor 4 and acceptor 6. (i) K2CO3, anhydrous DMF, r.t., 3 h, 85%; (ii) 4-ethynylpyridine, Pd(PPh3)4, CuI, TEA, THF, 60 °C, 20 h, 52%; (iii) Pt(PEt3)4, anhydrous toluene, 90 °C, 3 d, 56%; (iv) AgOTf, anhydrous CH2Cl2, r.t., 12 h, 95%. (b) Synthetic route to metallacycle 7. The syntheses of 120° donor 4 and acceptor 6 are shown in Scheme 1a. Subsequently, metallacycle 7 was constructed via coordination-driven self-assembly of 4 and 6 in 92% yield (Scheme 1b).The formation of metallacycle 7 was established by NMR ( 31 P, 1 H, and 2D DOSY) spectroscopy and electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS) analysis. As shown in Figure1a, a singlet with concomitant 195 Pt satellites (δ = 12.76 ppm) was observed for 7 in its 31 P NMR spectrum, which confirmed a single phosphorus environment. In addition, the 31 P NMR spectrum showed an upfield shift by 7.4 ppm in comparison with that of its precursor 6, which was attributed to an increase in electron density as a result of the electron back-donation from the metal center, thus demonstrating the formation of Pt-N coordination bonds between 4 and 6. In the 1 H NMR spectrum of 7 (Figure1b), the proton signals corresponding to the pyridinyl moieties and the phenyl ring adjacent to alkyne bonds shifted downfield compared to those of ligand 4 because of the formation of Pt-N bonds. Moreover, all signals corresponding to 7 had the same diffusion coefficient (D = 4.1 × 10 -9 m 2 /s) in the 2D DOSY NMR spectrum (FigureS1), which was in agreement with the formation of a single assembly. The ESI-TOF-MS spectrum provided further information to confirm the formation of 7. FigureS2shows the experimental isotopic pattern (red one) of the peak at m/z 1402.46 for the [M -6OTf] 6+ matching well with corresponding calculated isotopic
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 1 NMR spectrum of 7 (Figure 1b), the proton signals corresponding to the pyridinyl moieties and the phenyl ring adjacent to alkyne bonds shifted downfield compared to those of ligand 4 because of the formation of Pt-N bonds. Moreover, all signals corresponding to 7 had the same diffusion coefficient (D = 4.1 × 10 -9 m 2 /s) in the 2D DOSY NMR spectrum (Figure S1), which was in agreement with the formation of a single assembly. The ESI-TOF-MS spectrum provided further information to confirm the formation of 7. Figure S2 shows the experimental isotopic pattern (red one) of the peak at m/z 1402.46 for the [M -6OTf] 6+ matching well with corresponding calculated isotopic pattern (black one), which supported the stoichiometry of a [3+3] assembly.
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 1 Figure 1. (a) Partial 31 P NMR spectra of 6 and 7. (b) Partial 1 H NMR spectra of 4, 7, and 6.

  arene unit in 7. Additionally, the formation of MGC was also shown by 2D DOSY data (Figure S6).
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 2 Figure 2. (a) Design of an AIE-active guest for pillar[5]arenes. (b) Host-guest interactions between 8 and 7. (c) From bottom to top: partial 1 H NMR spectra of 8 (1 mM), 8 (1 mM) + 7 (0.33 mM), and 8 (1 mM) + 7 (0.33 mM) + DBH (20 mM). Upon the confirmation of host-guest interactions between 7 and 8, we then investigated the role of 7 in tuning the aggregation of 8 in acetone/water mixtures. Fluorescence spectra of 7 (25 μM), 8 (25 μM), PGC (1:1, [8] = 25 μM), and MGC (1:6, [8] = 25 μM) in acetone and acetone/water (5:95) mixtures were recorded. No significant fluorescence emission was detected for 7, 8, PGC, and MGC in acetone or for 7 and 8 in acetone/water (5:95) mixtures. PGC in an acetone/water (5:95) mixtureshowed only weak fluorescence emission, whereas MGC in the same medium emitted strong fluorescence that was ~166 times higher than that in acetone (Figures3a and S9). The drastic increase in the fluorescence intensity of MGC in an acetone/water (5:95) mixture can be ascribed to metallacycle-assisted coassembly. To gain insight into the role of 7 in fluorescence enhancement, we collected the fluorescence spectra of MGC in acetone/water mixtures with different water fractions. The increase in the water fraction from 0% to 60% did not produce significant variations in fluorescence intensity. However, the fluorescence intensity and quantum yield of MGC in acetone/water mixtures increased when the water fraction exceeded 70% (Figures3b and S10b, TableS1). Such a phenomenon is consistent with AIE behavior. To demonstrate the existence of aggregates and ascertain their morphology, we performed dynamic light scattering (DLS) measurements and transmission electron microscopy (TEM) imaging. DLS analysis indicated that the average hydrodynamic diameter of the aggregates of MGC was ~80 nm in the acetone/water (5:95) mixture, while TEM analysis demonstrated the formation of aggregates (FiguresS7 and S8). As shown in Figure3c, spherical aggregates were also observed by scanning TEM (STEM), which

Figure 3 .

 3 Figure 3. (a) The maximum fluorescence intensity (Ex@460 nm) of 7, 8, PGC, and MGC in acetone and acetone/water (5:95) mixtures. (b) A plot of the relative emission intensity (I/I0) of MGC in acetone/water mixtures with an increasing water proportion. Inset: fluorescence photograph of MGC in an acetone/water (5:95) mixture under 365 nm UV irradiation. (c) STEM image and elemental distribution of MGC in the acetone/water (5:95) mixture. (d) Fluorescence spectra (Ex@460 nm) and (e) a plot of the maximum emission of MGC in the acetone/water (5:95) mixture upon adding various concentrations of lutein.
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