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New Functionalized Cage Silsesquioxanes as Nano Blocks for 3-D Assembly

Herein we report the synthesis of a new family of styryl-functionalized polyhedral oligomeric silsesquioxanes (Tn, where n = 8, 10 and 12), in which the organic moiety is linked to all n vertices of the Tn cages via the phenyl ring rather than the vinyl group. In contrast to earlier studies in which the styryl group is linked to the cage via the vinyl moiety, our approach ensures that the vinyl moiety is less sterically hindered and available for post-functionalization. The functional Tn cages have been characterized by a range of techniques, including single crystal X-ray diffraction, multinuclear solution NMR ( 1 H, 13 C and 29 Si), MALDI-MS and FTIR. The solid-state structure of the T8 compound exhibited two non-equivalent Si8O12 cage atoms, which has not been previously reported in the functionalized T8 system, although all cage atoms in the corresponding T10 and T12 systems were equivalent. In contrast, multinuclear solution NMR data indicated that all cages in the T8 system were equivalent in solution, suggesting that the non-equivalent cage geometries arise in the solid state to optimize the packing of the functionalized cages.

INTRODUCTION

Since the early reports of their synthesis in the 1940s and 1950s [START_REF] Scott | Thermal Rearrangement of Branched-Chain Methylpolysiloxanes[END_REF][START_REF] Barry | Crystalline Organosilsesquioxanes[END_REF] , the development and characterization of oligomeric silsesquioxanes has been an area of significant activity within the materials and silicon chemistry communities. Of these, the polyhedral oligomeric silsesquioxanes (POSS, (R-SiO1.5)n, where n=6, 8, 10, 12, etc.), also known as cage silsesquioxanes, have been of particular interest [START_REF] Cordes | Recent developments in the chemistry of cubic polyhedral oligosilsesquioxanes[END_REF][START_REF] Laine | Nanobuilding blocks based on the [OSiO1.5]x (x = 6, 8, 10) octasilsesquioxanes[END_REF] , with n=8 being the most widely studied. These hybrid molecules, which are composed of a well-defined polyhedral core ((SiO1.5)n, Tn) surrounded by organic moieties, can be readily incorporated into nanostructured materials either via hydrolysis-condensation processes involving silanol groups [START_REF] Harrison | Porous materials derived from {Si6O9} and cubane {Si8O12} cage monomers[END_REF] or by polymerization on the organic moiety [START_REF] Zhang | Highly porous polyhedral silsesquioxane polymers. Synthesis and characterization[END_REF][START_REF] Morrison | Synthesis of functionalised porous network silsesquioxane polymers[END_REF][START_REF] Wang | Rational design and synthesis of hybrid porous polymers derived from polyhedral oligomeric silsesquioxanes via heck coupling reactions[END_REF] . Self-organized systems [START_REF] Akbari | Cubeoctameric silsesquioxane-mediated cargo copper Schiff base for efficient click reaction in aqueous media[END_REF][START_REF] Köytepe | Metallo-supramolecular materials based on terpyridinefunctionalized polyhedral silsesquioxane[END_REF][START_REF] Kowalewska | Self-assembling polyhedral silsesquioxanes -Structure and properties[END_REF] , templated POSS systems leading to mesoporous materials with T8 cages embedded with the walls 12 , and organic polymer-based nanohybrids [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF][START_REF] Zhou | Polyhedral oligomeric silsesquioxane-based hybrid materials and their applications[END_REF][START_REF] Chiacchio | Synthesis of functionalized polyhedral oligomeric silsesquioxane (POSS) macromers by microwave assisted 1,3-dipolar cycloaddition[END_REF][START_REF] Haddad | Polyhedral oligomeric silsesquioxane (POSS)-styrene macromers[END_REF][START_REF] Phillips | Developments in nanoscience: Polyhedral oligomeric silsesquioxane (POSS)-polymers[END_REF][START_REF] Romo-Uribe | Viscoelastic and morphological behavior of hybrid styryl-based polyhedral oligomeric silsesquioxane (POSS) copolymers[END_REF] can all be obtained through judicious selection of functional organics. In addition, porous materials [START_REF] Harrison | Porous materials derived from {Si6O9} and cubane {Si8O12} cage monomers[END_REF][START_REF] Zhang | Highly porous polyhedral silsesquioxane polymers. Synthesis and characterization[END_REF][START_REF] Wang | Rational design and synthesis of hybrid porous polymers derived from polyhedral oligomeric silsesquioxanes via heck coupling reactions[END_REF] in which the porosity can either arise from the voids between the cages or the core of the cage (0.3 nm) [START_REF] Zhang | Highly porous polyhedral silsesquioxane polymers. Synthesis and characterization[END_REF] have been reported. In general, the POSS core (e.g. T8) confers symmetry and thermal stability on the resulting materials, while the organic moieties provide flexibility and additional opportunities for functionalization. In addition, their well-defined structure gives them the advantage of a controlled proximity between adjacent branches. Since the distance between silicon and oxygen is typically around 1.6 Å [START_REF] Bassindale | Fluoride-ion encapsulation within a silsesquioxane cage[END_REF][START_REF] Clegg | Dodeca(phenylsilasesquioxane)[END_REF] , the branches are separated by around 3 Å. This small spacing can lead to interesting cooperative effects and the suite of attractive POSS properties have been exploited in many fields including polymer chemistry [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF][START_REF] Zhou | Polyhedral oligomeric silsesquioxane-based hybrid materials and their applications[END_REF][START_REF] Gnanasekaran | Developments of polyhedral oligomeric silsesquioxanes (POSS), POSS nanocomposites and their applications: A review[END_REF] , bio/nanomedicine [START_REF] Kannan | Polyhedral oligomeric silsesquioxane nanocomposites: The next generation material for biomedical applications[END_REF][START_REF] Ghanbari | A nanocage for nanomedicine: Polyhedral oligomeric silsesquioxane (POSS)[END_REF][START_REF] Solouk | Biomimetic modified clinical-grade POSS-PCU nanocomposite polymer for bypass graft applications: A preliminary assessment of endothelial cell adhesion and haemocompatibility[END_REF][START_REF] Nayyer | Design and development of nanocomposite scaffolds for auricular reconstruction[END_REF][START_REF] Kannan | The antithrombogenic potential of a polyhedral oligomeric silsesquioxane (POSS) nanocomposite[END_REF][START_REF] Kannan | The degradative resistance of polyhedral oligomeric silsesquioxane nanocore integrated polyurethanes: An in vitro study[END_REF] , catalysis 28- 31 , optical and sensing applications [START_REF] Zhou | Polyhedral oligomeric silsesquioxane-based hybrid materials and their applications[END_REF][START_REF] Chanmungkalakul | Anion identification using silsesquioxane cages[END_REF][START_REF] Chanmungkalakul | Silsesquioxane cages as fluoride sensors[END_REF] , optoelectronics [START_REF] Li | Polyhedral oligomeric silsesquioxanes (POSSs): An important building block for organic optoelectronic materials[END_REF] , etc.

A significant majority of the applications described to date are based on functionalized T8 cages. Being often commercially available or easily synthesized, the latter can be produced in quantities of tens of grams for applications testing. In contrast, relatively few studies have described applications of larger cages [START_REF] Ervithayasuporn | Homogeneous and heterogeneous catalysts of organopalladium functionalizedpolyhedral oligomeric silsesquioxanes for Suzuki-Miyaura reaction[END_REF][START_REF] Feng | T10 polyhedral oligomeric silsesquioxane-based shape amphiphiles with diverse head functionalities via "click" chemistry[END_REF][START_REF] Ervithayasuporn | Synthesis and isolation of methacrylate-and acrylate-functionalized polyhedral oligomeric silsesquioxanes (T8, T10, and T 12) and characterization of the relationship between their chemical structures and physical properties[END_REF][START_REF] Chimjarn | Synthesis of aromatic functionalized cage-rearranged silsesquioxanes (T8, T10, and T12) via nucleophilic substitution reactions[END_REF][START_REF] Janeta | Novel organicinorganic hybrids based on T8 and T10 silsesquioxanes: Synthesis, cage-rearrangement and properties[END_REF] . The T8 cage has now been described with a wide range of substituents, including hydrido, methyl, octyl, phenyl, vinyl, chloropropyl, etc [START_REF] Cordes | Recent developments in the chemistry of cubic polyhedral oligosilsesquioxanes[END_REF] . Larger cages are less common and are often obtained by cage rearrangement of pre-formed T8 species, as summarized in Table 1. Post-functionalization of pre-formed T8 materials can also produce a mixture of Tn species through rearrangement side-reactions (see, for example, entries 14-16 in Table 1). Functionalized Tn molecules bearing organic moieties that can be further modified via conventional, well-established reactions without modifying the structure of the Tn core, are of particular interest since they pave the way to an even wider range of potential applications. For example, organics bearing double bonds such as vinyl and styryl can be modified using reactions such as hydrosilylation, Heck coupling, thiol-ene click reactions, hydrophosphination, Table 1. Selected T8, T10 and T12 cage silsesquioxane systems. metathesis, polymerization, etc. In this context, the availability of Tn precursors bearing styryl moieties grafted onto all "n" vertices would significantly extend the range of versatile POSS precursors. Octa-, deca-and dodeca-styrenyl cage silsesquioxanes have been synthesized from the corresponding vinyl-functionalized cage silsesquioxanes by cross-metathesis [START_REF] Itami | Functionalization of Octavinylsilsesquioxane by Ruthenium-Catalyzed Silylative Coupling versus Cross-Metathesis[END_REF][START_REF] Anderson | Structural investigation of encapsulated fluoride in polyhedral oligomeric silsesquioxane cages using ion mobility mass spectrometry and molecular mechanics[END_REF][START_REF] Guenthner | Hansen solubility parameters for octahedral oligomeric silsesquioxanes[END_REF] , as illustrated in Figure 1. However, to the best of our knowledge, in all earlier reports, the vinylphenyl moiety is linked to the silsesquioxane cage via the vinylic C=C bond, which precludes further facile functionalization of the latter. An additional feature of the styryl-functionalized Tn cages when compared to their vinyl analogues is that the phenyl group acts as a spacer, thus ensuring that the vinyl group is much less sterically hindered, and hence is more available for post-functionalization on all n vertices of the Tn cage. In contrast, there have been several reports of mono-styryl-functionalized T8 systems, in which one vertex bears a styryl function while the other seven vertices are linked to cyclopentyl [START_REF] Chiacchio | Synthesis of functionalized polyhedral oligomeric silsesquioxane (POSS) macromers by microwave assisted 1,3-dipolar cycloaddition[END_REF][START_REF] Haddad | Polyhedral oligomeric silsesquioxane (POSS)-styrene macromers[END_REF][START_REF] Zhang | Notes: Effect of 3rd monomer addition on styrehe/styrylpolyhedral oligomeric silsesquioxane (POSS) copolymerization[END_REF] , cyclohexyl [START_REF] Haddad | Polyhedral oligomeric silsesquioxane (POSS)-styrene macromers[END_REF] , phenyl [START_REF] Haddad | Polyhedral oligomeric silsesquioxane (POSS)-styrene macromers[END_REF] or isobutyl 16, 56 moieties. A brief mention is made of potential applications for octastyryl-functionalized T 8 cages in the patent literature [START_REF] Wada | Resin composition for forming dielectric films with good Young's modulus[END_REF] , although no information regarding the synthesis or characterization of such precursors was disclosed. In this work, we describe the synthesis and preparation of new octa-, deca and dodeca-styryl-silsesquioxanes, in which the styryl group is linked to the cage via the phenylene group. The composition, structure and properties of these new precursors are also elucidated via single-crystal X-ray diffraction, NMR ( 29 Si, 1 H and 13 C) and IR spectroscopy, and structure/property correlations are described.

Entry

RESULTS AND DISCUSSION

Synthesis

The approach used in our work to produce styryl-functionalized T8, T10 and T12 cage silsesquioxanes is based on a protocol developed by Bassindale's group [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF] , as shown in Figure 2. This approach, which has not been widely employed, typically provides better yields than alternative approaches involving hydrolysis of chlorosilane or ethoxysilane precursors, which often exhibit relatively low yields [START_REF] Agaskar | New Synthetic Route to the Hydridospherosiloxanes Oh-H8Si8O12 and D5h-H10Si10O15[END_REF][START_REF] Xu | Synthesis and characterization of organic-inorganic hybrid polymers with a well-defined structure from diamines and epoxyfunctionalized polyhedral oligomeric silsesquioxanes[END_REF] . It also avoids the production of large quantities of corrosive HCl typically produced when using chlorosilanes, which can lead to difficulties in controlling the rates of hydrolysis and condensation. It has been demonstrated that the reaction can be used with a variety of organotrialkoxysilanes to produce T8 cage silsesquioxanes functionalized with the corresponding organic group, including alkyl, cyclopentyl, cyclohexyl, i-butyl, phenyl, etc [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF][START_REF] Bassindale | A higher yielding route to octasilsesquioxane cages using tetrabutylammonium fluoride, Part 2: Further synthetic advances, mechanistic investigations and X-ray crystal structure studies into the factors that determine cage geometry in the solid state[END_REF] . However, the water content must be carefully controlled [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF][START_REF] Bassindale | A higher yielding route to octasilsesquioxane cages using tetrabutylammonium fluoride, Part 2: Further synthetic advances, mechanistic investigations and X-ray crystal structure studies into the factors that determine cage geometry in the solid state[END_REF] since it plays an important role in the catalyzed synthesis. During our preliminary experiments to optimize the synthesis conditions for producing styryl-functionalized cage silsesquioxanes, using both base-and fluoride-catalyzed conditions, the use of TBAF emerged as the preferred approach. In particular, base-catalyzed reactions led mainly to polymers and mixtures of cages which could not be identified. When using fluoride as a catalyst, the temperature, concentration of fluoride and the quantity of water present have been identified as key parameters for controlling the reaction [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF] . However, large amounts of water were reported to lead to the formation of partially condensed cage silsesquioxanes or silanols [START_REF] Bassindale | A higher yielding route to octasilsesquioxane cages using tetrabutylammonium fluoride, Part 2: Further synthetic advances, mechanistic investigations and X-ray crystal structure studies into the factors that determine cage geometry in the solid state[END_REF] . In the work of Bassindale's group, the water involved in the hydrolysis-condensation process was that naturally associated with the commercially available hydrophilic TBAF. Although our approach was largely inspired by this earlier work [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF] , the reaction described herein involves the use of greater quantities of water than that initially associated with the TBAF. Indeed, we observed that in the case of styryl trimethoxysilane as precursor, fewer by-products were obtained by adding one equivalent of water per silicon.

The reaction was thus carried out using a commercially available styryltrimethoxysilane with TBAF and water in DCM for two days (see Experimental). The crude reaction product was treated with anhydrous CaCl2 and washed with water to remove excess TBAF. Preliminary characterization by [START_REF] Scott | Thermal Rearrangement of Branched-Chain Methylpolysiloxanes[END_REF] H and [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si solution NMR revealed the presence of a mixture of T8, T10 and T12 cage silsesquioxanes as the main products (based on a comparison with the chemical shifts previously reported for other functionalized T8, T10 and T12 species, Table 2), together with larger cages and partially condensed products that could not be readily identified. Analysis of the integrated intensity of signals in the 1 H NMR spectrum revealed that the T8, T10 and T12 products were present in a 1:3:1 mole ratio, with the functionalized T10 silsesquioxane being the main reaction product. After recrystallization and column chromatography, T8, T10 and T12 compounds were obtained separately and characterized. 

Mass Spectrometry

The MALDI TOF mass spectra of the styryl-functionalized T 8 , T 10 and T 12 (Figures S1, S2 and S3, respectively) exhibited peaks at 1263.1, 1573.2 and 1884.1 m/z, which were attributed to T 8 +Na, T 10 +Na and T 12 +Na, respectively (expected m/z = 1263.2, 1573.2 and 1883.3). These are each separated by 310 m/z, arising from the addition of [styryl-SiO1.5]2 moieties with each increment in n.

Single Crystal X-ray Structures

Fractional recrystallization in a mixture of toluene and pentane enabled crystals suitable for X-ray diffraction measurements to be obtained. The crystal structures were solved using the ab-initio iterative charge flipping method (see Experimental). The space group symmetry of the crystal structures of T8, T10 and T12 were P21/n, R-3c and P4/ncc, respectively. Table S1 summarizes the structural parameters for the T8, T10 and T12 cages.

The structure of the styryl-functionalized T8 system is illustrated in Figures 3 andS4, while the minimum, maximum and average values of the characteristic bond lengths and angles are presented in Table 3. The values measured are similar to those of the octaphenyl-functionalized T8 cage [START_REF] Bassindale | Fluoride-ion encapsulation within a silsesquioxane cage[END_REF][START_REF] Hossain | Octa(phenylsilasesquioxane) acetone solvate[END_REF] and are typical for bond distances and angles in the octasilsesquioxane [START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF] . However, it is evident, as illustrated in Figure S5, that two inequivalent T8 cages are found in the lattice. To the best of our knowledge, such a phenomenon has not been previously observed in the functionalized T8 system, and we conclude that the different geometries are adopted to optimize the packing of the molecules in the solid state. In addition, three toluene molecules, from the solvent used for the crystallization, and one benzene molecule are present in the refined structure. Although the expected methyl group was not identified in the difference Fourier maps, the additional solvent molecule is undoubtedly toluene, since no benzene was used in the synthesis. This apparent anomaly is attributed to rotational disorder in the solvent retained within the crystals, which leads to the electron density of the carbon being delocalized over more than one position. In addition, the asymmetric part of the unit cell contains one complete T8 cluster and two half T8 clusters, with the latter two clusters located on inversion centers. The packing of the aromatic rings (Figure S4) highlights the interactions between the styryl functions on adjacent cages, although there is no evidence of extended π-π interactions. Nevertheless, these interactions, coupled with the rigidity provided by the phenyl rings, are sufficient to ensure that the compound is a solid at room temperature. As observed in earlier studies, at ambient temperature, functionalized T8 molecules that can interact through π-π interactions or formation of liquid-crystalline domains [START_REF] Bassindale | A higher yielding route to octasilsesquioxane cages using tetrabutylammonium fluoride, Part 2: Further synthetic advances, mechanistic investigations and X-ray crystal structure studies into the factors that determine cage geometry in the solid state[END_REF] are typically solids, whereas those that cannot pack uniformly (such as isooctyl [START_REF] Bassindale | A higher yielding route to octasilsesquioxane cages using tetrabutylammonium fluoride, Part 2: Further synthetic advances, mechanistic investigations and X-ray crystal structure studies into the factors that determine cage geometry in the solid state[END_REF] , n-propylacrylate [START_REF] Ervithayasuporn | Synthesis and isolation of methacrylate-and acrylate-functionalized polyhedral oligomeric silsesquioxanes (T8, T10, and T 12) and characterization of the relationship between their chemical structures and physical properties[END_REF] , etc) are often liquids or oils. The X-ray crystal structure of the styryl-functionalized T10 cage is presented in Figures 4 andS6 and the values of the characteristic bond lengths and angles are gathered in Table 3. Only a small number of single crystal structures of functionalized T10 systems have previously been reported [START_REF] Calzaferri | The monophenylhydrosilasesquioxanes PhHn-1SinO1.5n where n = 8 or 10[END_REF][START_REF] Bürgi | X-ray diffraction study of the molecular structure of a spherohydridosilasesquioxane, H10Si10O15, a flexible assembly of rigid tetrahedra[END_REF][START_REF] Marcolli | Vibrations of H8Si8O12, D8Si8O12, and H10Si10O15 as determined by INS, IR, and Raman experiments[END_REF] , compared to the T8 system for which a large number of compounds have been comprehensively characterized. In contrast to the corresponding T8 system, only one unique cage geometry was identified for styryl-functionalized T10, consistent with previous reports of the structures of functionalized T10 moieties. Most vinyl groups on the T10 surface were poorly resolved in the electron density map and hence the fragments were modelled with soft distance restraints on the double and single bonds. The distances used for this modelling were taken from the Cambridge Structural Database [START_REF] Groom | The Cambridge structural database[END_REF] and the latter were thermally restrained. Large solventaccessible voids appeared in the structure in which no fragments could be recognized.

Given the relatively small number of T10 systems previously characterized, it is of interest to compare the structure of the styryl-functionalized T10 with that of other systems, and representative structural data is presented in Table S2. The Si-O bond lengths vary from 1.600 to 1.618 Å (average 1.607 Å) in the two five-silicon rings and from 1.598 to 1.629 Å (average 1.611 Å) in the five four-silicon rings and hence the cage deviates from ideal D5h symmetry. Similar deviations from symmetry have also been reported for the H-T10 system [START_REF] Bürgi | X-ray diffraction study of the molecular structure of a spherohydridosilasesquioxane, H10Si10O15, a flexible assembly of rigid tetrahedra[END_REF] (Table S2), although they are much smaller in the latter case. The variations in Si-O-Si bond angles in both the five-silicon and foursilicon rings are also significantly greater in the styryl-functionalized system, although the average values are comparable. The single-crystal X-ray structure of the styryl-functionalized T12 compound is illustrated in Figures 5 andS7, while the minimum, maximum and average values of the characteristic bond lengths and angles are compared to those of other reported T12 compounds in Table 4. Two possible isomers have been proposed for T12 cage silsesquioxanes, one of which is highly symmetrical (D6h point-group symmetry) while the other is lesssymmetrical (D2d symmetry), as illustrated in Figure 6. In the current work, and consistent with earlier reports [START_REF] Ervithayasuporn | Synthesis and isolation of methacrylate-and acrylate-functionalized polyhedral oligomeric silsesquioxanes (T8, T10, and T 12) and characterization of the relationship between their chemical structures and physical properties[END_REF][START_REF] Chimjarn | Synthesis of aromatic functionalized cage-rearranged silsesquioxanes (T8, T10, and T12) via nucleophilic substitution reactions[END_REF][START_REF] Miyazato | deca, and dodeca(4-nitrophenyl) cage silsesquioxanes via 4trimethylsilylphenyl derivatives[END_REF][START_REF] Imai | Preparation of Ammonium-Functionalized Polyhedral Oligomeric Silsesquioxanes with High Proportions of Cagelike Decamer and Their Facile Separation[END_REF][START_REF] Ervithayasuporn | Synthesis and characterization of highly pure azido-functionalized polyhedral oligomeric silsesquioxanes (POSS)[END_REF] , it is evident that the less-symmetrical isomer is obtained in our work, in which silicon atoms are part of either (a) one five-silicon-atom-ring and two four-silicon-atom-rings (5 1 4 2 , following the notation used by Agaskar et al. [START_REF] Agaskar | New Synthetic Route to the Hydridospherosiloxanes Oh-H8Si8O12 and D5h-H10Si10O15[END_REF][START_REF] Agaskar | The higher hydridospherosiloxanes: synthesis and structures of HnSinO1.5n (n = 12, 14, 16, 18[END_REF] ; four vertices marked with red spheres in Figure 6); or (b) two five-silicon-atom rings and one four-silicon-atom ring (5 2 4 1 ; eight vertices marked with blue spheres in Figure 6). The average Si-O bond lengths and O-Si-O bond angles are comparable to those observed for other T12 compounds (Table 4). However, the average Si-O-Si bond angle is somewhat larger in the case of the styryl-functionalized T 12 cage than is observed for the corresponding hydrido-or Ph-functionalized compounds, due mainly to the presence of two unusually large angles of 178 o . Similar features are also observed in the case of the p-iodophenyl-functionalized T12 cage [START_REF] Roll | Nano building blocks via iodination of [PhSiO15]n, forming [p-I-C6H4SiO1.5]n (n = 8, 10, 12), and a new route to high-surface-area, thermally stable, microporous materials via thermal elimination of I2[END_REF] , although not for the phenyl-functionalized compound [START_REF] Clegg | Dodeca(phenylsilasesquioxane)[END_REF] . This suggests that the cage structure might distort to accommodate the bulky para substituents in the solid state. NMR Characterization 1 H, [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C and [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si solution NMR spectroscopy were used to further characterize the structure of the styryl-functionalized T 8 , T10 and T12 cages in solution, and to compare the solution speciation with that observed in the solid state via X-ray diffraction. The styryl-T8 1 H NMR spectrum (Figure 7) shows characteristic signals at 7.71 (doublet) and 7.40 ppm (doublet) arising from the aromatic ring, together with clusters at 6.70 (doublet of doublets), 5.80 (doublet) and 5.28 ppm (doublet) associated with the vinylic moiety, with the expected 2:2:1:1:1 intensity ratios. The corresponding signals in the case of the styryl-T10 silsesquioxane move upfield to 7.56 and 7.29 ppm for the aromatic protons, although the positions of the signals arising from the vinylic protons (6.66 ppm, 5.76 ppm and 5.27 ppm) vary to a lesser extent than those of the aromatic signals (Table 5). A similar phenomenon has also been observed in the case of the phenyl-functionalized T8 and T10, with reported resonances at 7.75, 7.42 and 7.36 ppm for the T 8 system 70 and 7.57, 7.33 and 7.20 ppm for the corresponding T10 system for the aromatic protons [START_REF] Roll | Nano building blocks via iodination of [PhSiO15]n, forming [p-I-C6H4SiO1.5]n (n = 8, 10, 12), and a new route to high-surface-area, thermally stable, microporous materials via thermal elimination of I2[END_REF] . This phenomenon is attributed to the increased rotational freedom of the styryl group, which is sterically less hindered on the five-silicon-atom rings of the T10. The 1 H-NMR spectrum of the styryl-functionalized T12 system (Figure 7) reflects the presence of two different silicon sites in the T12 cage (Figure 6). As expected, the four styryl groups linked to 5 1 4 2 and the eight styryl groups linked to 5 2 4 1 sites each give rise to distinct clusters of NMR signals, with the expected 1:2 integrated intensity ratio being observed (Figure 7). The observed chemical shifts are compared to those observed for 4 3 and 5 1 4 2 silicons in the corresponding T8 and T10 compounds, respectively, in Table 5. These data clearly highlight the impact of Tn ring strain on the observed chemical shifts of the phenyl-ring protons, with increasing ring strain leading to a corresponding downfield movement in the position of the 1 H resonances. In contrast, those of the vinyl moiety are less impacted, although a small downfield movement is still observed. Figure 7. [START_REF] Scott | Thermal Rearrangement of Branched-Chain Methylpolysiloxanes[END_REF] H NMR spectra of styryl-functionalized T8, T10 and T12 cage silsesquioxanes (CDCl3). [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C NMR (Figure 8) reveals similar spectra for the three structures, with the assignments of signals associated with each carbon atom given in Table 6. Each of the two populations of non-equivalent silicon sites in the T12 cage gives rise to a separate set of signals, as expected. As few details are available in the literature concerning the influence of the type of cage on the observed [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C NMR signals, further interpretation and comparison of the spectra is difficult, with no systematic trends being evident.

In [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si NMR, as indicated above, the compounds exhibit different chemical shifts. The T8 and T10 silsesquioxane cages both feature geometries in which all silicon atoms are equivalent, and hence a single sharp signal would be expected for each of these cage silsesquioxanes. The silicon atoms belonging to the three 4-silicon-atom rings ( 43 ) of the T8 cage exhibit a single signal at -78.19 ppm (Figure 9 and Table 2). In contrast, silicon atoms of the T10 structure belonging to one 5-silicon-atom ring and two 4-silicon-atom rings (5 1 4 2 ) are observed at a significantly different chemical shift compared to the signal from the corresponding T8 structure. In particular, the T10 spectrum yields a single signal at -79.59 ppm (Figure 9 and Table 2). Changing from a 4-silicon ring to a 5-silicon ring results in a decrease of the ring strain [START_REF] Cordes | Recent developments in the chemistry of cubic polyhedral oligosilsesquioxanes[END_REF][START_REF] Rikowski | Cage-rearrangement of silsesquioxanes[END_REF][START_REF] Fasce | Synthesis and characterization of polyhedral silsesquioxanes bearing bulky functionalized substituents[END_REF] , and to a corresponding upfield shift in the position of the [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si signal. This effect has now been confirmed in multiple cases for such cage silsesquioxanes (Table 2) [START_REF] Ervithayasuporn | Synthesis and isolation of methacrylate-and acrylate-functionalized polyhedral oligomeric silsesquioxanes (T8, T10, and T 12) and characterization of the relationship between their chemical structures and physical properties[END_REF][START_REF] Chimjarn | Synthesis of aromatic functionalized cage-rearranged silsesquioxanes (T8, T10, and T12) via nucleophilic substitution reactions[END_REF]41,[START_REF] Imai | Preparation of Ammonium-Functionalized Polyhedral Oligomeric Silsesquioxanes with High Proportions of Cagelike Decamer and Their Facile Separation[END_REF][START_REF] Ervithayasuporn | Synthesis and characterization of highly pure azido-functionalized polyhedral oligomeric silsesquioxanes (POSS)[END_REF][START_REF] Fasce | Synthesis and characterization of polyhedral silsesquioxanes bearing bulky functionalized substituents[END_REF] , including the phenyl-functionalized T8 and T10 systems for which the [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si signal is observed at -78.30 [START_REF] Hoque | High performance holographic gratings formed with novel photopolymer films containing hyper-branched silsesquioxane[END_REF] It is also of interest to recall that single-crystal X-ray diffraction studies revealed the presence of two non-equivalent Si8O12 cages in the styryl-functionalized T8 system (Figure S5), although only one cage type was identified in the corresponding T10 system. In contrast, the NMR data suggest that only a single cage structure is present in solution for both systems. This suggests that the packing constraints that imposed the T8 deformation in the solid state are relaxed in solution leading to a single silicon environment, and hence, to a single signal in the corresponding [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si solution NMR spectrum.

The [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si NMR spectrum of the styryl-functionalized T12 POSS is compared to those of the corresponding T8 and T10 compounds in Figure 9. Whereas the T8 and T10 compounds exhibit only single signals, the T12 cage exhibits two signals at -79.45 and -81.29 ppm. As indicated above, earlier work relating the effect of ring strain in 4-and 5-silicon-atom rings to the position of the [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si NMR resonance concluded that the former is more strained than the latter [START_REF] Cordes | Recent developments in the chemistry of cubic polyhedral oligosilsesquioxanes[END_REF][START_REF] Fasce | Synthesis and characterization of polyhedral silsesquioxanes bearing bulky functionalized substituents[END_REF] , leading to a corresponding downfield shift in the position of the resonance. On this basis, the [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si signal at -79.45 ppm is assigned to 5 1 4 2 silicon atoms, while that observed at -81.29 ppm is assigned to 5 2 4 1 silicon atoms. 

IR Characterization

The FTIR spectra of the styryl-functionalized T8, T10 and T12 compounds are included in Figure S8, while the corresponding band positions and assignments are summarized in Table S3. All peak positions and full-widths at half-maximum (FWHM) were obtained by fitting the spectral profiles with a cubic spline baseline function together with Gaussian functions for the individual peaks. The spectra exhibit the typical features expected for cage silsesquioxanes and styryl moieties and peaks may be broadly assigned on the basis of the vibrational modes expected for these respective chemical groups. Only minor differences are evident in the positions and FWHM of peaks arising from the styryl species in the T8, T10 and T12 systems, suggesting that the local environments of the styryl species and relative orientations of the phenyl ring and vinyl group are similar in all three systems.

It is evident from Figure S8 that the spectral profile of the T 8 cage (with exclusively 4 3 silicon sites) is somewhat broader than that of the T10 system (with only 5 1 4 2 silicon sites). This might arise either from the presence of two non-equivalent cages in the solid state (to optimize the packing of the molecules, as identified by single crystal XRD), and/or the higher Si-O bond strain in the T8 system (see above), leading to broader peak profiles. Similarly, the T12 cage profile is also significantly broader than that of the T10 system, since the former contains two non-equivalent silicon sites (5 1 4 2 and 5 2 4 1 ), resulting in a more complex profile with overlapping peaks.

CONCLUSIONS

In summary, we report the synthesis and characterization of three new styryl-functionalized Tn cage silsesquioxanes (T8, T10 and T12) in which styryl groups are linked to all n vertices of the Tn compounds via the phenyl groups. A key feature of the styryl-functionalized Tn cages when compared to their vinyl-functionalized analogues is that the phenyl group acts as a spacer, thus ensuring that the vinyl group of the styryl is much less sterically hindered, and hence is more available for post-functionalization on all n vertices of the Tn cage.

The T8 compound exhibits non-equivalent Si8O12 cages in the solid state, with the different geometries being adopted to optimize the packing of the molecules in the solid state. In contrast, only single populations of SinO3n/2 cages are evident in the corresponding T10 and T12 solid-state systems. In all three cases, multinuclear solution NMR studies ( 1 H, [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C and [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si) indicated that single populations of symmetrical, well-defined cages (with ideal Oh, D5h and D2d symmetries for T8, T10 and T12 cages, respectively) were present. As a consequence of the lower steric hindrance of the vinyl sites on these new cage silsesquioxanes compared to those of previously reported vinyl-functionalized analogues, we envisage that these new precursors will serve as building blocks for producing nano-structured materials with potential application in diverse fields. The synthesis of such materials will be explored in future studies.

EXPERIMENTAL SECTION

4.1 Chemicals and purification methods. Tetrabutylammonium fluoride (TBAF, 1 M solution in THF (containing 5% H2O), (4-vinylphenyl)trimethoxysilane and dichloromethane (DCM, Analytical Grade) were obtained from Sigma Aldrich, TCI and VWR, respectively, and were used without further purification. All syntheses were undertaken using HPLC-quality water.

The products obtained were purified by recrystallization in toluene/pentane (VWR, normapur and pure 95%, respectively) and by flash chromatography in a Buchi Reveleris X2 flash chromatography system, equipped with evaporative light-scattering detection (ELSD) and 254-nm light source, using a mixture of DCM/cyclohexane (VWR, technical grade).

4.2 Silsesquioxane cage synthesis. In a round bottom flask, a solution of trimethoxy(4-vinylphenyl)silane (3.7 mL, 17.5 mmol) in DCM (400 mL) was prepared. Water (160 µL, 8.75 mmol) was added to the previous solution, followed by the dropwise addition of the TBAF solution in THF (10 mL, 10 mmol). The reaction mixture was held at 30 °C for 48 h. Anhydrous CaCl2 (1.2 g, 11 mmol) was added to the solution and suspended for 16 h. The resulting crude product was filtered, washed three times with water (300 mL aliquots), and dried over Na2SO4. The solvent was then evaporated under reduced pressure. The crude reaction product contained T8, T10 and T12 cage silsesquioxanes (as revealed by [START_REF] Scott | Thermal Rearrangement of Branched-Chain Methylpolysiloxanes[END_REF] H NMR) which were fractionally recrystallized in a mixture of toluene/pentane to obtain T8, T10 and T12 crystals. The supernatant was then evaporated and the resulting solid purified by flash column chromatography with DCM/cyclohexane 20/80 (by volume) to obtain the remaining styryl-functionalized T8, T10 and T12 products. Octastyryl silsesquioxane (white powder): Yield: 11.8%. [START_REF] Scott | Thermal Rearrangement of Branched-Chain Methylpolysiloxanes[END_REF] [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] 4.3 Characterization methods. FTIR spectra were recorded from 650 to 4000 cm -1 using a PerkinElmer Spectrum 100 equipped with a Gladia-ATR accessory. The spectral profiles were fitted with Gaussian functions using the Fityk software package (Version 1.3.1, freeware downloaded from http://fityk.nieto.pl).

MALDI-MS spectra were acquired using a Bruker RapifleX spectrometer with dithranol/sodium trifluoroacetate as desorption matrix.

Liquid 1 H, [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C and [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer in CDCl3 at room temperature and at concentrations of around 10 mg/mL. All [START_REF] Giacalone | Covalently Supported Ionic Liquid Phases: An Advanced Class of Recyclable Catalytic Systems[END_REF] Si and [START_REF] Kausar | State-of-the-Art Overview on Polymer/POSS Nanocomposite[END_REF] C spectra were proton decoupled and chemical shifts (δ) were calibrated against the signal of tetramethylsilane as internal standard.

Single crystal X-ray diffraction data for the styryl-functionalized T8 and T10 compounds were obtained on a Rigaku Oxford Diffraction Gemini-S diffractometer with sealed-tube Mo-Kα radiation using the CrysAlis Pro program (Rigaku Oxford Diffraction, 2017). The data collections were carried out at 175 K. The integration of the data frames was done with the same program using default parameters. Lorentz and polarization effects were also corrected, and the empirical absorption correction was done using spherical harmonics employing symmetryequivalent and redundant data. The crystal evaluation and data collection for the styryl-functionalized T12 was carried out at the XRD1 beamline of the Elettra synchrotron (Lausi et al [START_REF] Lausi | Status of the crystallography beamlines at Elettra[END_REF] ) on a serial Huber kappa goniometer at a wavelength of λ = 0.7000 Å. Frame integration and scale and absorption corrections were done with XDS (Kabsch [START_REF] Kabsch | XDS[END_REF] ) and space group assignment was provided by Pointless from the CCP4 software suite (Winn et al [START_REF] Winn | Overview of the CCP4 suite and current developments[END_REF] ). Because of the very weak scattering, a data collection for five different crystals was done, and the best data set was selected for structure solution and refinement. The maximum data resolution was not better than 1.1 Å, but the structure could immediately be solved by dual space methods.

The crystal structures were solved using the ab-initio iterative charge flipping method with parameters described by Van der Lee [START_REF] Van Der Lee | Charge flipping for routine structure solution[END_REF] and using the Superflip program [START_REF] Palatinus | SUPERFLIP -A computer program for the solution of crystal structures by charge flipping in arbitrary dimensions[END_REF][START_REF] Betteridge | CRYSTALS version 12: software for guided crystal structure analysis[END_REF] . The structural models were refined against |F| using full-matrix non-linear least-squares procedures as implemented in CRYSTALS 76 on all independent reflections with I>2σ(I). Complete data were collected up to 1 Å resolution, because data beyond that resolution were mostly below the 2σ(I) threshold.

When the vinyl groups on the cluster surface of the structure (T8) were poorly identified in the electron density map, the fragments were modeled with soft distance restraints on the double and single bond. The distances used for this modeling were taken from the mean values found for 15 vinylbenzyl entries in the Cambridge Structural Database 67 (data collection temperature between 160 and 190 K, R-factor below 0.07, and heaviest element Cl). Thermal similarity restraints were also applied to the carbon atoms in the vinyl groups for modeling.

The Squeeze procedure [START_REF] Spek | PLATON SQUEEZE: A tool for the calculation of the disordered solvent contribution to the calculated structure factors[END_REF] was used to model the contributions of the solvent electron density to the total scattering. The atoms of the remaining solvent molecules were refined with isotropic atomic displacement parameters. Many of the H atoms were located in a difference map but repositioned geometrically. The H atoms were initially refined with soft restraints on the bond lengths and angles to regularize their geometry (C-H in the range 0.93-0.98 Å) and Uiso(H) (in the range 1.2-1.5 times Ueq of the parent atom). Then, the positions were refined with riding constraints [START_REF] Cooper | CRYSTALS enhancements: Dealing with hydrogen atoms in refinement[END_REF] and other hydrogen atoms were positioned geometrically.

The root-mean-square deviation of atomic position values of the clusters were calculated using Mercury [START_REF] Macrae | Mercury CSD 2.0 -New features for the visualization and investigation of crystal structures[END_REF] . Voids were also calculated using contact surface maps with a probe of 1.2 Å radius and a grid spacing of 1 Å. These voids give an estimate of the volume that could be filled by solvent or guest molecules [START_REF] Barbour | Crystal porosity and the burden of proof[END_REF] .

CCDC 1983366-1983368 contain supplementary crystallographic data for this paper. These data may be obtained free of charge from The Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data_request/cif.
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Figure 1 .

 1 Figure 1. Structure of styrenyl (previous work) and styryl POSS precursors (current work), illustrating the accessibility of the "inner" and "peripheral" vinyl groups (for clarity, only the T8 cages are shown).

Figure 2 .

 2 Figure 2. Synthesis of styryl-functionalized T8, T10 and T12 cage silsesquioxanes.

Figure 3 .

 3 Figure 3. X-ray crystal structure of styryl-functionalized T8 cage silsesquioxane. family: Si-O bond length (1.55 to 1.65 Å; average = 1.60 Å); Si-O-Si angle (145 to 152 o ; average = 148.5 o ); O-Si-O angle (107 to 112 o ; average = 109 o )[START_REF] Bassindale | A higher yielding route for T8 silsesquioxane cages and X-ray crystal structures of some novel spherosilicates[END_REF] . However, it is evident, as illustrated in FigureS5, that two inequivalent T8 cages are found in the lattice. To the best of our knowledge, such a phenomenon has not been previously observed in the functionalized T8 system, and we conclude that the different geometries are adopted to optimize the packing of the molecules in the solid state. In addition, three toluene molecules, from the solvent used for the crystallization, and one benzene molecule are present in the refined structure. Although the expected methyl group was not identified in the difference Fourier maps, the additional solvent molecule is undoubtedly toluene, since no benzene was used in the synthesis. This apparent anomaly is attributed to rotational disorder in the solvent retained within the crystals, which leads to the electron density of the carbon being delocalized over more than one position. In addition, the asymmetric part of the unit cell contains one complete T8 cluster and two half T8 clusters, with the latter two clusters located on inversion centers. The packing of the aromatic rings (FigureS4) highlights the interactions between the styryl functions on adjacent cages, although there is no evidence of

Figure 4 .

 4 Figure 4. X-ray crystal structure of styryl-functionalized T10 cage silsesquioxane.

Figure 5 .

 5 Figure 5. X-ray crystal structure of styryl-functionalized T12 cage silsesquioxane.

Figure 6 .

 6 Figure 6. Possible isomers observed in the T12 cage silsesquioxane system. Left, D6h isomer; right, D2d isomer (R = styryl).

  and -79.60 ppm[START_REF] Fasce | Synthesis and characterization of polyhedral silsesquioxanes bearing bulky functionalized substituents[END_REF] , respectively.

Figure 8 .

 8 Figure 8. 13 C NMR spectra of styryl-functionalized T8, T10 and T12 cage silsesquioxanes (CDCl3).

Figure 9 .

 9 Figure 9. 29 Si NMR spectra of styryl-functionalized T8, T10 and T12 cage silsesquioxanes (CDCl3).

  H NMR (400 MHz, CDCl3, δ, ppm): 7.71 (d, CHar, 16H, J = 8.1 Hz), 7.40 (d, CHar, 16H, J = 8.1 Hz), 6.70 (dd, CHvi, 8H, J1 = 17.6 Hz, J2 = 11.4 Hz), 5.80 (d, CHvi, 8H, J1 = 17.6 Hz, J2 = 0.8 Hz), 5.28 (d, CH vi , 8H, J 1 = 11.4 Hz, J 2 = 0.8 Hz).

  

Table 2 . Typical 29 Si NMR chemical shifts reported for func- tionalised T8, T10 and T12 cage silsesquioxanes.
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	Organic group	T8	T10	T12	Ref.
		shift	shift	shifts	
		(ppm)	(ppm)	(ppm)	
	Styryl	-78.19 -79.59 -79.45,	This
				-81.29	work
	Phenyl	-78.3	-79.6	n.a.	51, 62
	4-Methylbenzene	-78.0	-79.6	n.a.	

44

4-Nitrobenzene -79.2 -80.9 -80.3, -82.2 44 4-Trimethylsilylbenzene -78.4 -79.5 -79.4, -81.5 44 Azidopropyl -67.0 -68.9 -68.7, -71.4 37 Propylmethacrylate -66.8 -68.6 -68.4, -71.1 38 4-(nitrobenzene) propyloxy -68.7 -68.6 -68.3, -71.0 39

Table 3 . Characteristic bond distances and angles for styryl-functionalised T8 and T10 cage silsesquioxanes Styryl T8
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	Styryl T10

Table 4 . Characteristic bond lengths and bond angles in functionalized T12 cage silsesquioxanes.
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		(Styr) 12 T 12	H 12 T 12	Ph 12 T 12	(p-I-Ph) 12 T 12
		(This work)	(Ref. 69 )	(Ref. 20 )	(Ref. 42 )
	Si-O (Å)	1.56-1.66	1.58-1.62	1.60-1.62	1.59-1.62
		(av=1.60)	(av=1.60)	(av=1.61)	(av=1.61)
	Si-C (Å)	1.78-1.87		1.84-1.85	1.83-1.85
		(av=1.82)		(av=1.842)	(av=1.840)
	Si-O-Si ( o )	149-178	143-164	145-158	146-173
		(av=160)	(av=155)	(av=151)	(av=157)
	O-Si-O ( o )	107-112	108-111	107-111	107-111
		(av=109)	(av=110)	(av=109)	(av=109)

Table 5 . 1 H NMR chemical shifts in the solution NMR spectra of styryl-functionalised T8, T10 and T12 cage silsesquioxanes (d, doublet; dd, doublet of doublets; m, multiplet). Chemical shift (ppm)
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	Assignment

Table 6 . 13 C NMR chemical shifts in the solution NMR spectra of styryl-functionalised T8, T10 and T12 cage silsesquioxanes.
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		Chemical shift (ppm)	
			Assignment
	T8	T10	T12
	139.9	139.7	139.6-139.4
	136.8	136.8	136.9-136.8
	134.6	134.6	134.6-134.5
	129.6	130.1	130.5-130.3
	125.8	125.7	125.6-125.5
	115.2	115.0	115.0-114.9

  CDCl 3 , δ, ppm): 139.70 (C ar ), 136.83 (C vi H), 134.55 (C ar H), 130.05 (C ar ), 125.70 (C ar H), 115.04 (C vi H 2 ). 29 Si NMR (80 MHz, CDCl3, δ, ppm): -79.59. MALDI-MS: m/z: calculated for C80H70O15Si10 (M+Na): 1573.23; found: 1573.24. Dodecastyryl silsesquioxane (white powder): Yield: 2.5%. 1 H NMR (400 MHz, CDCl3, δ, ppm): 7.54 (d, CHar, 8H, J= 8.0 Hz), 7.42 (d, CHar, 16H, J= 8.1 Hz) , 7.29 (d, CHar, 8H, J= 8.0 Hz), 7.18 (d, CHar, 16H, J= 8.1 Hz), 6.69 (m, CHvi, 12H), 5.78 (m, CHvi, 12H), 5.24 (m, CHvi, 12H). 13 C NMR (100 MHz, CDCl3, δ, ppm): 139.59 (Car), 139.39 (Car), 136.86 (CviH), 136.82 (CviH), 134.59 (CarH), 134.48 (CarH), 130.48 (Car), 130.28 (Car), 125.64 (CarH), 125.52 (CarH), 115.00 (CviH2), 114.87 (CviH2). 29 Si NMR (80 MHz, CDCl3, δ, ppm): -79.45, -81.29. MALDI-MS: m/z: calculated for C96H84O18Si12 (M+Na): 1884.3; found: 1884.1.

	C NMR
	(100 MHz, CDCl3, δ, ppm): 139.92 (Car), 136.76 (CviH), 134.59
	(CarH), 129.56 (Car), 125.81 (CarH), 115.19 (Cvi H2). 29 Si NMR
	(80 MHz, CDCl3, δ, ppm): -78.19. MALDI-MS: m/z: calculated
	for C64H56O12Si8 (M+Na): 1263.18; found: 1263.14.
	Decastyryl silsesquioxane (white powder): Yield: 9.8%. 1 H
	NMR (400 MHz, CDCl3, δ, ppm): 7.56 (d, CHar, 20H, J = 8.3
	Hz), 7.29 (d, CHar, 20H, J = 8.3 Hz), 6.66 (dd, CHvi, 10H, J1 =
	17.6 Hz, J2 = 10.8 Hz), 5.76 (d, CHvi, 10H, J1 = 17.6 Hz, J2 =
	0.9 Hz), 5.27 (d, CHvi, 10H, J1 = 10.8 Hz, J2 = 0.9 Hz). 13 C
	NMR (100 MHz,
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