Unprecedented T8 cages bearing eight chloromethyldimethylsilylethyl substituents were obtained in excellent yield from the readily and commercially available octavinylsilsesquioxane.

The chloro groups can be quantitatively substituted by azido ones to yield the corresponding octaazido T8 without rearrangement of the cage. The syntheses of both functionalizable POSSs are scalable (gram-scale). The azido-functionalized T8 compound constitutes a versatile building block able to undergo copper-catalyzed azide-alkyne [3+2] cycloaddition. As a proof of concept, it was allowed to react with 2-ethynylpyridine to give rise to a multidentate ligand bearing eight 2-pyridyl-triazole moieties (N,N-pincers). The coordination of the eight N,N-bidentate ligands to palladium (II) led to the corresponding octa-palladium complex shown to successfully promote the cross-coupling reaction between anisole and phenylboronic acid. The low solubility of this catalytic complex in the reaction medium enabled (or facilitated or made possible) its straightforward recovery and recycling with four cycles with no loss of activity.

Introduction

Hybrid nanostructured molecules that combine the advantages of the inorganics and organics at the molecular level attract growing interest for designing high performance materials. Along these lines, polyhedral oligomeric silsesquioxanes (POSS), involving inorganic thermostable Si-O-Si core decorated with organic reactive peripheral flexible moieties, appear as appealing candidates. 1 In particular, the cubic octasilsesquioxanes (T8) have been intensively studied due to their unique properties [START_REF] Chen | Polyhedral Oligomeric Silsesquioxane Hybrid Polymers: Well-Defined Architectural Design and Potential Functional Applications[END_REF][START_REF] Zhou | Polyhedral oligomeric silsesquioxane-based hybrid materials and their applications[END_REF] and they constitute a versatile and tunable platform finding applications in various fields such as catalysis, [START_REF] Calabrese | POSS nanostructures in catalysis[END_REF] sensors, 5 membranes, [START_REF] Chen | Polyhedral Oligomeric Silsesquioxanes (POSS) Nano-Composite Separation Membranes -A Review[END_REF] photoactive materials 7 or biomass-based nanocomposites [START_REF] Wang | Biomass/polyhedral oligomeric silsesquioxane nanocomposites : Advances in preparation strategies and performances[END_REF] to name a few. The search for fast and scalable routes to functionalizable T8cages is still a very active research field.

Among functionalizable T8-cages, those decorated with azido functions are considered as precursors with high potential to design multifunctional materials. Indeed, the azido moieties are able to react with a wide array of alkynes through copper-catalyzed Huisgen [3+2] cycloaddition (CuAAC). 9 This efficient chemical transformation, attractive in terms of atom-economy, enabling expedited synthetic processes with quantitative yields and short reaction times is recognized as a "click reaction". In addition, the chemical robustness of the generated triazole linkage also constitutes an asset of this ligation method currently widely used to functionalize molecules or nano-sized objects and access functional materials. Hence azido-containing POSSs with several inorganic frameworks have been previously reported. For example, we, [START_REF] Liu | Synthesis of Tetrachloro, Tetraiodo, and Tetraazido Double-Decker Siloxanes[END_REF] and other groups [START_REF] Ervithayasuporn | Synthesis and Characterization of Highly Pure Azido-Functionalized Polyhedral Oligomeric Silsesquioxanes (POSS)[END_REF] reported double-decker silsesquioxanes (DDSQs) bearing four or two azido end groups on their side chains respectively. In all cases, the DDSQs were obtained from their chloro counterparts in the presence of sodium azide. Besides DDSQs, most examples involve T8 bearing one 12 or eight [START_REF] Daglar | Aliphatic Polyester/polyhedral Oligomeric Silsesquioxanes Hybrid Networks via Copper-free 1,3-dipolar Cycloaddition Click Reaction[END_REF] azido terminal functions connected to the inorganic core through aliphatic or benzylic spacers. These cubic silsesquioxanes were functionalized via the CuAAC strategy to access hybrid polymeric materials, 12a-g,13a-j recyclable catalysts, 12h-j bio-active compounds 13k-o or optoelectronic devices. 13p-q The widely used octa(3-azidopropylsilsesquioxane) T8 (T8-propyl-N3) can be prepared from the commercial acidic salt of the octa(3-aminopropylsilsesquioxane) (T8-propyl-NH2•HCl) and nonaflyl azide using diazo-transfer reactions. [START_REF] Trastoy | Octakis(3-azidopropyl)octasilsesquioxane: A Versatile Nanobuilding Block for the Efficient Preparation of Highly Functionalized Cube-Octameric Polyhedral Oligosilsesquioxanes Frameworks Through Click Assembly[END_REF] This route suffers from fair yields (67%) and safety issues since diazo reagents are highly energetic molecules. A much preferred pathway consists in synthesizing the T8-propyl-N3 from the corresponding octa(3chloropropylsilsesquioxane) (T8-propyl-Cl) by nucleophilic substitution of the chlorides by azides. 11a,13b,k However the latter reaction is very slow and nucleophilic-induced cage rearrangement occurs as shown by Kawakami, Ervithayasuporn et al. who reported the formation of T10 and T12 cages together with the expected T8 cage. 11a The decaazido compound (T10 cage) was obtained as the major isomer after column chromatographies (~ 35% isolated yield) and was later on exploited as platform for developing applied materials. 12j,15 The yield of expected T8propyl-Cl can be improved by firstly converting the eight chlorides by better leaving groups such as bromides 13b or iodides 13o . In this work, a straightforward, selective and high-yielding synthetic route to octachloro and octaazido T8 cages is described. These new compounds are obtained from readily prepared and commercially available octavinylsilsesquioxane 1 in very high yield and differ from the previously mentioned structures by the existence of a slightly longer arm between the edge of the inorganic core and the chloro or azido substituent (Scheme 1).

Scheme 1. Objective of the present work and comparison with previously reported T8 cages decorated with eight chloropropyl or azidopropyl substituents.

The hydrosilylation of 1 with chloromethyldimethylsilane (2) was carried out in the presence of small amounts of Karstedt's catalyst (0.02 mol% of Pt / C=C bond) to afford 3 isolated in 92% yield after filtration through a silica plug (Scheme 2). It is noteworthy that the hydrosilylation is completely regioselective to -product. The nucleophilic substitution of the chlorides by azides was next performed in a THF/DMF (1:2.6) mixture and T8 cage 4 could be isolated in 95% yield after extraction, without any further purification (Scheme 2). The addition of catalytic amounts of sodium iodide (12.5 mol % per Cl) was found to greatly accelerate the reaction. Both procedures enabling to prepare 3 and 4 can be achieved in gram scale (> 2.5 g for 3 and at least 740 mg for 4, see experimental section). Scheme 2. Preparation of the octachloro T8 cage 3 and octaazido T8 cage 4.

Compounds 3 and 4 were fully characterized by usual analytical techniques. The 29 Si NMR spectra displayed two singlets in each case (Figure 1, a and b respectively), the resonances at -66.49 ppm for 3 and -66.59 ppm for 4 being assigned to silicon atoms of the cage (Si in green) and the ones at 5.38 and 5.18 ppm corresponding to the carbosilanes (Si in blue). The latter chemical shifts were in the same range as those previously reported for related functionalized doubledecker [START_REF] Liu | Synthesis of Tetrachloro, Tetraiodo, and Tetraazido Double-Decker Siloxanes[END_REF] and laddersiloxanes [START_REF] Liu | Synthesis and Characterization of Functionalizable Silsesquioxanes with Ladder-type Structures[END_REF] and were also in accordance with the symmetrical structures of 3 and 4. From the 13 C NMR spectra, 4 can be clearly distinguished from 3, with about 10 ppm downfield shifted of the methylene protons between D-unit Si and azido group (Figure 1 d). 1 H NMR spectroscopy, elemental analysis and MALDI-TOF mass spectroscopy confirmed the structures of 3 and 4 as well, for example an experimental mass found at 1524.92 g.mol -1 for 3 [M+Na + ] that was in good accordance with the calculated one at 1525.15 g.mol -1 (see experimental section and Figures S1-S6, S14, S15). Moreover, in the case of 4, the infrared spectrum highlighted the characteristic band corresponding to the azido group at 2098 cm -1 (Figures S18). Single crystals were grown and the structure of 4 could be determined by X-ray crystallography (Figure 3 and Table S1). To the best of our knowledge, the X-ray structure of the related T8 cages bearing eight azido substituents has not been solved to date. For 4, the Si-O bond lengths are found in the ranges of 1.612-1.635 Å (average 1.623Å) which corresponds to usual values reported for T8 cages and other siloxanes. 1c The Si-O-Si bond angles vary from 140.6 to 158.4° (average 148.9°) which corresponds to a larger deviation as compared to the related octa(3chloropropylsilsesquioxane) (T8-propyl-Cl) 147.7 to 151.5° (average 149.8°). 1c Such deviation (> 5 %) is encountered in T8 cages decorated with chains containing 6 to 8 atoms (-(CH2)2O(CH2)2Cl; -(CH2)2CMe2CH2CO2Me; n-oct for examples 1c ) and this is rationalized by the flexible structure of such frameworks. 1c This is consistent with the presence of a longer carbosilane arm in the case of

4 compared to T8-propyl-Cl.
The interatomic Si…Si distances were also measured and found in the range of 3.093-3.156 Å (average 3.121 Å) for the o-Si…Si, 4.384-4.452 Å (average 4.414 Å) for the m-Si…Si and 5.378-5.423 Å (average 5.406 Å) for the p-Si…Si. These average values are consistent with those reported for related T8-cages (3.11-3.16 Å, 4.40-4.45 Å and 5.39-5.43 Å for the o-, mand p-Si…Si respectively). 17 As expected, the results of the thermogravimetric analysis (TGA) under N2 showed a lower Td5 (158 °C, Table S2) for the azido-functionalized 4 compared to its tetrachloro counterpart 3 displaying a high thermal stability (Td5 = 358 °C, Table S2). Both Td5 are comparable to those of related DDSQ frameworks bearing four azido (Td5 = 167 °C) or four chloro (Td5 = 359 °C) substituents. [START_REF] Ervithayasuporn | Synthesis and Characterization of Highly Pure Azido-Functionalized Polyhedral Oligomeric Silsesquioxanes (POSS)[END_REF] As expected, the nature of the external substituents have more impact on the thermal stability of the decorated POSS than the structure of the intrinsically robust silsesquioxane nanocage itself.

As related octaazido cubic Si-O frameworks obtained from T8-propyl-Cl 11a,13b,k or derived from epoxy-hydroxyl-functionalized spherosilicates, [START_REF] Dutkiewicz | Synthesis of Azido-, Hydroxy-and Nitro-, Hydroxy-Functionalized Spherosilicates via Oxirane Ring-Opening Reactions[END_REF]19 compound 4 reported here may be applied as a building block to design new hybrid nanostructures applicable in multiple areas.

Therefore, the reactivity of the external azido substituents was next evaluated as a proof of concept and 4 was allowed to react with 2-ethynylpyridine 5 through copper-catalyzed Huisgen

[3+2] cycloaddition (CuAAC, Scheme 3). It is worthy to note that 5 is a highly challenging substrate that generally requires harsh temperature to be quantitatively functionalized. [START_REF] Sun | Synthesis of a heterogeneous Cu(OAc)2anchored SBA-15 catalyst and its application in the CuAAC reaction[END_REF] In the case of 4, the reaction proceeded selectively and quantitatively at room temperature for 3 days and the corresponding T8 cage 6 decorated with eight peripheral 2-pyridinyl-triazole moieties could be isolated in 71% yield after column chromatography. Compound 6 was found to be soluble in common solvents including chloroform, THF, DMSO and its structure could be confirmed by multinuclear NMRs. The 29 Si NMR spectrum displayed two expected singlets (Figure 1c) respectively assigned to the silicon atoms from the core (Si in green, -66.72 ppm) and to the carbosilane-type silicon atoms (Si in blue, 4.86 ppm). Besides, the appearance of a singlet ( 1 H NMR) at 8.13 ppm in CDCl3 and 8.38 ppm in DMSO-d6, indicated the successful formation of the triazole ring (Figures S7 andS8). [START_REF] Sun | Synthesis of a heterogeneous Cu(OAc)2anchored SBA-15 catalyst and its application in the CuAAC reaction[END_REF] The resonance of the methylene groups vicinal to the azide groups at 2.80 in 4 shifted to 3.99 ppm downfield in 6, which is also consistent with the presence of the triazole moiety after click reaction (see Figure S7). Mass spectroscopy confirmed the structure as well (see experimental section and Figure S16). Remarkably, the 2-pyridyl-triazole moiety possesses interesting properties as ligands for transition metals 21 including nickel, [START_REF] Schweinfurth | Nickel complexes with "click"-derived pyridyl-triazole ligands: weak intermolecular interactions and catalytic ethylene oligomerisation[END_REF] iridium, 23 iron, 24 ruthenium 23b,25 or palladium 12j,26 as representative examples. The corresponding reported complexes display appealing optical, electronical, biological, sensing or catalytic properties to name a few which enable their applications in a wide array of fields. 12j,21-26 As a consequence, compound 6 is expected to combine the chemical and thermal stabilities of the inorganic core, the intrinsic properties of the metal complexes together with a multivalency known to bring additional properties in different domains (catalysis, 12j biology, 13k ). Scheme 3. Preparation of the octa(2-pyridyl-triazole) ligand 6 via CuAAC and its complexation with Pd(COD)Cl2 to afford the corresponding octa-palladium complex 7.

Subsequently, compound 6 was allowed to react with Pd(COD)Cl2 (1 equiv of Pd per N,Npincer) to afford the octa-palladium complex 7 in 92% yield (Scheme 3). The latter could be solubilized in deuterated DMSO and analyzed by multinuclear NMRs. As expected, two singlets were observed on the 29 Si NMR spectrum, one for T-group silicon atoms at -61.40 ppm and the other one at 5.92 ppm corresponding to the carbosilane moiety (Figure S13). The 1 H NMR spectrum clearly highlighted the impact of the coordination to palladium on chemical shifts of the triazole and pyridinic protons, leading to a general downfield movement in the position of their 1 H resonances (Figure S11). The most impacted signal corresponds to the singlet of the triazolic proton that shifted from 8.38 ppm in ligand 6 to 9.04 ppm in the corresponding palladium complex 7, which is consistent with data reported for related 2-pyridyl-triazole palladium(II) complexes. [START_REF] Zhang | Dual-functional click-triazole: a metal chelator and immobilization linker for the construction of a heterogeneous palladium catalyst and its application for the aerobic oxidation of alcohols[END_REF] The 13 C NMR spectrum was in accordance with a successful coordination of Pd on the eight .N,Npincers present on the T8 cage (Figure S12). The elemental analysis was also consistent with the presence of eight palladium atoms per molecule.

It is worthy to note that ligand 6 bearing eight N,N-pincers appears as complementary to The performances of related Pd(II) complex 7 reported here were next evaluated in the same model reaction as T8-Pd1 and T10-Pd4.6. Therefore, 4-bromoanisole 8 was allowed to react with phenylboronic acid 9 in the presence of 7 (1.4 mol% Pd) and potassium carbonate (1 equiv) in an ethanol/water (1:1) mixture. Under these conditions, complex 7 was not soluble (Figure 5). After 4h at 60 °C and washing the solid twice with degassed ethanol under argon, the soluble part of the reaction mixture was analyzed by 1 H NMR using mesitylene as the standard. The expected biaryl compound 10 was obtained in 98% yield (TON = 71). Reactants 8, 9, K2CO3 and solvents were next added and the next cycle achieved. Using this procedure, catalyst 7 could be used four times with no loss of activity. Overall, the performances of 7 were found to be comparable to those reported for the related T10-Pd4.6 complex both in terms of activity (98% yield of 10 corresponding to a TON of 71 for 7 versus 93% yield of 10 corresponding to a TON of 66 for T10-Pd4.6) and recyclability (4 consecutive runs with no loss of activity for 7 versus 5 for T10-Pd4.6). In our case, the decrease of activity observed for the fifth cycle was likely due to a loss of the catalyst during the recovery by removing the supernatant via cannulation. Indeed, around 5% of the mass of the 12j catalyst was lost during each recycling experiment. For cycles 2 to 4, this loss did not prevent the full conversion of 4-bromoanisole thus showing that 7 is active even for Pd loading lower than 1.4 mol%. However, for the fifth cycle, there was obviously no Pd enough to promote the Suzuki coupling quantitatively. It is worthy to note that no obvious change in the structure of the catalyst could be found after 5 cycles according to 1 H NMR. Lastly, although the TONs obtained for POSSbased recyclable catalysts T10-Pd4.6 and 7 are not outstanding as compared to the best systems reported for Suzuki-couplings, the temperature conditions are mild (60 °C) and the solvent ecocompatible. Yield of 10 (%) [a] runs It is noteworthy that the catalytically active and recyclable complex 7 can be prepared in high yield (57% over 4 steps from the commercially available POSS 1) and that this multi-step preparation only requires one column chromatography aiming at removing copper used in the CuAAC (Scheme 3).

Conclusion

In summary, a convenient, high-yielding and scalable synthetic pathway to unprecedented chloro-( 3) and azido ( 4) functionalized T8 cages have been described. The former ( 3) can be obtained through perfectly regioselective hydrosilylation of octavinylsilsesquioxane with chloromethyldimethylsilane (92% yield), while 4 is quantitatively prepared from 3 in the presence of sodium azide without cage rearrangement (95% yield). Both 3 and 4 are readily purified and no column chromatography is needed. 4 was next shown to undergo copper-catalyzed azide-alkyne

[3+2] cycloaddition with 2-ethynylpyridine, a challenging alkyne substrate, to give rise to a multidentate ligand bearing eight 2-pyridyl-triazole moieties. The coordination of the eight N,Npincers to palladium (II) yielded the corresponding octa-palladium complex able to quantitatively promote the coupling of anisole and phenylboronic acid. The low solubility of this catalytic complex in the reaction medium enabled its recovery and recycling with four cycles being achieved with no loss of activity. Further applications of these readily prepared T8 cages are currently underway in our laboratory.

EXPERIMENTAL SECTION.

All reactions were performed under an argon atmosphere unless otherwise noted. Diethyl ether, toluene, THF and DMF were dried using mBRAUN purification system. Triethylamine was distilled from potassium hydroxide, stored on potassium hydroxide under an argon atmosphere with protection from light, dichloromethane was distilled from calcium hydride, stored on activated 4Å molecular sieves under an argon atmosphere. (Chloromethyl)dimethylsilane and Karstedt's catalyst (in xylene, 2% Pt) were purchased from Sigma-Aldrich, octavinyloctasilsesquioxane, sodium azide, sodium ascorbate, 2-ethynylpyridine, phenylboronic acid and 4-bromoanisole were purchased from Tokyo Chemical Industry Co., Ltd., copper(II) sulfate pentahydrate, sodium iodide and dichloro(-cycloocto-1,5-diene)palladium(II) were purchased from FUJIFILM Wako Pure Chemical Co. Chemical Reagents and all of these reagents were used as received, without further purification.

The Fourier transformation nuclear magnetic resonance (NMR) spectra were obtained using a JEOL JNM-ECA 600 ( 1 H at 600.17 MHz, [START_REF] Daglar | Aliphatic Polyester/polyhedral Oligomeric Silsesquioxanes Hybrid Networks via Copper-free 1,3-dipolar Cycloaddition Click Reaction[END_REF] C at 150.91 MHz, 29 Si at 119.24 MHz) NMR instruments. For 1 H NMR, chemical shifts are reported as  units (ppm) relative to SiMe4 (TMS)

and the residual solvent peaks were used as standards. For 13 C NMR and 29 Si NMR, chemical shifts are reported as  units (ppm) relative to SiMe4 (TMS), the residual solvent peaks were used as standards and spectra were obtained with complete proton decoupling. MALDI-TOF mass analysis was carried out with a Shimadzu AXIMA Performance instrument using 2,5dihydroxybenzoic acid (dithranol) as the matrix and AgNO3 as the ion source. All reagents used were of analytical grade. Elemental analyses were performed at the Center for Material Research by Instrumental Analysis (CIA), Gunma University, Japan. IR spectra were measured using a Shimadzu FTIR-8400S instrument. TGA was carried out under a nitrogen flow (250 mL min -1 ) or air flow (300 mL min -1 ) with a heating rate of 10 °C min -1 . All samples were measured with temperatures ranging from 50 to 1000 °C, where they remained for 5 min. The weight loss and heating rate were continuously recorded along the experiment.

*

Synthesis of 3

After standard cycles of evacuation and backfilling with dry and pure argon, an oven-dried Schlenk flask equipped with a magnetic stirring bar was charged with octavinyloctasilsesquioxane 1 (1.266 g, 2.0 mmol), dry toluene (24 mL) and chloromethyl(dimethyl)silane (2.92 mL, 24 mmol).

And then Karstedt's catalyst [2 x 10 -3 mmol [Pt] , 46 L from a commercial bottle (2% platinum in xylene)] was added at room temperature under argon. After the addition, the reaction mixture was allowed to be heated to 40 ˚C and stir for 3 days at 40 ˚C. The reaction mixture was cooled down to room temperature and then passed through a silica plug which was washed twice with dichloromethane. The gathered eluate was evaporated under vacuum to afford the pure product as a white solid 3 (2.76 g, 92%) without any further purification. 

Synthesis of 4

After standard cycles of evacuation and backfilling with dry and pure argon, an oven-dried three necked flask equipped with a magnetic stirring bar and a condenser was charged with 3 (0.75 g, 0.5 mmol), sodium iodide (75 mg, 0.5 mmol) and sodium azide (0.78 g, 12.0 mmol). Anhydrous THF (28.5 mL) and anhydrous DMF (73 mL) were then added into the mixture at room temperature under argon with vigorous stirring. The reaction mixture was allowed to be heated to 60 ˚C and to stir for 24 h at 60 ˚C. The reaction mixture was cooled down to room temperature, dichloromethane (100 mL) was slowly added and the mixture was stirred for about 10 minutes.

And then ice was added into the mixture which was stirred for additional 30 minutes. The organic layer was then washed twice with brine, dried over anhydrous sodium sulfate and evaporated on the rotavapor (with dichloromethane several times to remove traces of DMF) to afford the desired product as a yellowish solid 4 (0.74 g, 95%) without any further purification. The product was recrystallized in THF and methanol to give colorless crystals. 

Synthesis of 6

After standard cycles of evacuation and backfilling with dry and pure argon, an oven-dried Schlenk flask equipped with a magnetic stirring bar was charged with 4 (0.78 g, 0.5 mmol), 2-ethynylpyridine (0.61 mL, 6.0 mmol) and dry THF (32 mL). To this solution mixture, 100 L of copper sulfate pentahydrate degassed aqueous solution (125 mg/mL, 0.05 mmol) and sodium ascorbate (50 mg, 0.25 mmol) were added under argon. The solution was allowed to stir at 25 ˚C for 1 days. Additional 100 L of copper sulfate pentahydrate degassed aqueous solution (125 mg/mL, 0.05 mmol) and sodium ascorbate (50 mg, 0.25 mmol) were added under argon into the reaction mixture which was allowed to stir for additional 1 day at 25 ˚C. Additional 100 L of copper sulfate pentahydrate degassed aqueous solution (125 mg/mL, 0.05 mmol) and sodium ascorbate (50 mg, 0.25 mmol) were added under argon into the reaction mixture which was allowed to stir for additional 1 day at 25 ˚C. And then water was added into the reaction mixture which was extracted 3 times with dichloromethane. The collected organic layer was washed with brine (x 3) and dried over anhydrous sodium sulfate. The solvents were evaporated on the rotavapor to give a crude product which was dried under vacuum at 100 ˚C for 3 hours (to remove the excess of 2-ethylnylpyridine). And then the crude product was purified by column chromatography to remove copper (eluent: CH2Cl2/MeOH = 10/1) to afford a desired product 6 as a pale yellow solid (0.84 g, 71%). -4.40, 4.29, 5.88, 40.82, 120.38, 122.87, 123.34, 137.50, 147.61, 148.93, 150.33 

Synthesis of 7

After standard cycles of evacuation and backfilling with dry and pure argon, a Schlenk flask equipped with a magnetic stirring bar was charged with 6 (70 mg, 0.0294 mmol), Pd(COD)Cl2 (67 mg, 0.2353 mmol) and distilled dichloromethane (6.5 mL). The mixture was allowed to stir at 25 ˚C for 3 days. After 3 days, the reaction mixture was filtered and washed with dichloromethane to afford an orange solid 7 (dried under vacuum at 60 ˚C, 103 mg, yield 92%). -4.61, 3.64, 5.20, 42.73, 122.33, 125.33, 126.30, 141.23, 147.06, 148.25, 149.24 , 3.78; N, 11.53. Found: C, 28.73; H, 3.84; N, 11.40.

Experimental procedure for the catalytic recycling experiments (Suzuki-Miyaura crosscoupling reaction)

After standard cycles of evacuation and backfilling with dry and pure argon, a Schlenk flask equipped with a magnetic stirring bar was charged with 7 (2 mg, 0.0042 mmol of Pd) and degassed EtOH/H2O (1/1, 2.4 mL). 4-bromoanisole (38 µL, 0.3 mmol), phenylboronic acid (40 mg, 0.33 mmol) and K2CO3 (41 mg, 0.3 mmol) were added into the Schlenk under argon. The mixture was heated to 60 ˚C and allow to stir for 4 h at 60 ˚C. After 4 h, the reaction mixture was cooled down to room temperature, water (1 mL) and ethyl acetate (2 mL) were added. The mixture was extracted with ethyl acetate (x 2), the gathered organic layer was dried over anhydrous Na2SO4 and evaporated on the rotavapor at room temperature. Mesitylene (14 uL, 0.1 mmol) used as standard was added into the crude product, 1 H NMR analysis (in CDCl3) was performed to estimate the yield of coupling product.

For recycling experiment, after the reaction, the catalyst stayed insoluble and in the bottom of the Schlenk flask. The mixture (upper layer) was taken up via cannulation under argon and a small amount of degassed EtOH was added into Schlenk to wash (x 2), and then degassed EtOH/H2O

(1/1, 2.4 mL), 4-bromoanisole (38 uL, 0.3 mmol), phenylboronic acid (40 mg, 0.33 mmol) and K2CO3 (41 mg, 0.3 mmol) were added into the Schlenk under argon to perform the new cycle of reaction.

Crystallography. For crystal data, data collection, and refinement, see ESI, CCDC-2059283 for 4 contain the supplementary crystallographic data for this paper.
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Figure 1 .

 1 Figure 1. 29 Si NMR spectra (in CDCl3) for the compounds 3, 4 and 6 (a, b and c respectively) and and 13 C NMR spectra (in CDCl3) for the compounds 3, 4 and 6 (d, e and f respectively). Chemical shifts are in ppm unit.

Figure 3 .

 3 Figure 3. Crystal structure of 4. Black: carbon; blue: silicon; red: oxygen; pink: nitrogen. Thermal

Scheme 4 .

 4 Scheme 4. Previously reported T8 and T10 cages bearing one or ten 2-pyridyl-triazole moieties

Figure 5 .

 5 Figure 5. Catalytic performances of 7 (1.4 mol% Pd) in the Suzuki-Miyaura coupling of 4bromoanisole 8 and phenylboronic acid 9 and its recycling abilities. [a] 7 (0.53 µmol), 8 (0.3 mmol), 9 (0.33 mmol), K2CO3 (0.3 mmol), EtOH/H2O (1:1, 2.4 mL). Yields determined according to 1 H NMR spectra using mesitylene as standard. Selectivity 100%.

X = Cl, N 3 -

 3 Total yield: 57% from commercial octavinylsilsesquioxane -Catalyst for Suzuki coupling -Recyclable 4 times without loss of activity -Fast and scalable preparation -Excellent yields (> 90%) -Good selectivity

1 H NMR (600.17 MHz, CDCl3):

  

	δ = 0.10 (s, 48H), 0.56-0.59 (m, 16H), 0.65-0.68 (m, 16H), 2.80
	(s, 16H) ppm.
	13 C{ 1 H} NMR (150.91 MHz, CDCl3): δ = -4.58, 4.31, 5.67, 40.71 ppm.
	29 Si{ 1 H} NMR (119.24 MHz, CDCl3): δ = 5.18, -66.59 ppm.
	MALDI-TOF MS (m/z): 1431.00 ([M+Na-5N2+5H] + , calcd 1437.64), 1447.03 ([M+K-
	5N2+5H] + , calcd 1453.75).
	Elemental analysis: Calcd for C40H96N24O12Si16・2H2O: C, 30.20; H, 6.34; N, 21.13. Found: C,
	28.97; H, 6.31; N, 21.05.

1 H} NMR (150.91 MHz, CDCl3): δ =

  

	1 H NMR (600.17 MHz, CDCl3): δ = 0.11 (s, 48H), 0.61-0.64 (m, 16H), 0.75-0.77 (m, 16H), 3.99
	(s, 16H), 7.18 (dd, J = 7.8 Hz, 4.8 Hz, 8H), 7.73 (td, J = 7.8 Hz, 1.8 Hz, 8H), 8.10 (s, 8H), 8.12 (d,
	J = 7.8 Hz, 8H), 8.52 (d, J = 4.8 Hz, 8H) ppm.
	1 H NMR (600.17 MHz, DMSO-d6): δ = 0.004 (s, 48H), 0.56-0.65 (m, 32H), 4.07 (s, 16H), 7.27
	(dd, J = 7.8 Hz, 4.8 Hz, 8H), 7.81 (td, J = 7.8 Hz, 7.8 Hz, 1.8 Hz, 8H), 7.97 (d, J = 7.8 Hz, 8H),
	8.38 (s, 8H), 8.53 (dd, J = 4.8 Hz, 1.8 Hz, 8H) ppm.

13 C{

ppm. 29 Si{ 1 H} NMR (119.24 MHz, CDCl3):

  

δ = 4.86, -66.72 ppm. MALDI-TOF MS (m/z): 2381.05 ([M+H] + , calcd 2380.72), 2403.05 ([M+Na] + , calcd 2402.71).

13 C{ 1 H} NMR (150.91 MHz, DMSO-d6

  

): δ =

  ppm. 29 Si{ 1 H} NMR (119.24 MHz, DMSO-d6): δ = 5.92, -61.40 ppm. Calcd for C96H136N32O12Pd8Si16・5H2O: C, 29.65; H

	Elemental analysis:
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