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Abstract: The design and synthesis of a novel type of self-assembled ionic composites composed of negatively charged Zn(salen) complexes and triphenylmethane derived polycations is reported. These composites were applied as easily recyclable catalysts for carbon dioxide addition to epoxides. The composites functioned as bifunctional catalysts which could be easily separated and recycled by precipitation from the reaction mixture upon addition of tetrachloromethane. The same batch of the catalyst could be employed for, at least, five runs with its catalytic properties improving as it was reused. A fully heterogeneous system was also prepared by cross-linking leuco dye with para-dibromoxylene and adding to it calculated amounts of Zn(salen) complex. The heterogeneous system was catalytically competent in the reaction between styrene oxide and carbon dioxide and its activity also increased on its reuse.
Introduction
Combustion of fossil fuels is likely to remain as a source of energy for the foreseeable future. This, along with the continued need for products such as cement whose manufacture produces large amounts of waste carbon dioxide, means that harmful carbon dioxide emissions will continue to increase. One way to turn this waste carbon dioxide into valuable chemicals is its reaction with epoxides 1 to form cyclic carbonates 2 (Scheme 1), a class of commodity chemicals finding applications as solvents, monomers for polymer synthesis, and as chemical starting materials.[1]


Scheme 1. Synthesis of cyclic carbonates.
There is a large volume of publications on the catalysis of this reaction using either metal complexes (salen complexes, in particular)[2,3] or organocatalysts, amongst which quaternary ammonium halides feature prominantly.[4,5] The most catalytically efficient systems usually consist of a combination of quaternary ammonium halides and Lewis acids (LA), which function cooperatively as illustrated in Scheme 2.[2,6] The key stage of the reaction is nucleophilic opening of the Lewis acid activated epoxide ring by the halide anion, generating an oxy-anion species. Subsequently, the negatively charged oxygen atom reacts with a carbon dioxide molecule to form a Lewis acid coordinated carbonate anion. Intramolecular nucleophilic substitution results in elimination of the halide anion, formation of the cyclic carbonate product and regenerates the Lewis acid and ammonium halide.[6,7] These binary catalyst systems can be highly efficient and in some cases are able to catalyse cyclic carbonate formation at ambient temperatures and low carbon dioxide pressure.[2] However, the recovery of the ammonium salts and Lewis acids from the reaction media requires energy intensive and time consuming procedures.[2-5] To further enhance the catalytic activity, the introduction of ammonium groups onto the salen ligand of a Lewis acid catalyst was proposed and the resulting monomolecular homogeneous catalysts were found to retain high activity.[8] This partially solved the problem of catalyst recovery, but also allowed immobilization of the salen complexes onto cross-linked polystyrene or silica to form heterogeneous catalysts for cyclic carbonate synthesis which could be easily separated from the product and reused.[9]


Scheme 2. Proposed mechanism of binary catalyst operation.
In recent times, immobilization of metal complexes within porous metal organic frameworks[2f,10,11] (MOFs) or covalent organic frameworks[10,12] (COFs) has been developed and the catalytic efficiencies of the resulting heterogeneous systems for carbon dioxide fixation demonstrated.[10-12] Covalent introduction of ammonium groups into the polymer body would make COF and MOF anchored salen complexes efficient heterogeneous catalysts for cyclic carbonate synthesis without the troublesome ammonium halide removal. This was achieved by condensing a chloromethyl substituted aluminium(salen) monomer and 2,4,6-tris(imidazolol-1-yl)-1,3,5-s-triazine to form a cationic porous COF.[13] This heterogeneous catalyst exhibited reasonable activity without the need for any co-catalysts and could be easily recycled.[13]
Unfortunately, the polymeric catalysts suffer from shortcomings, including problems of reagent diffusion, framework stability, high cost of the initial materials and number of steps needed to prepare the catalyst. Therefore, we decided to investigate a different approach to create a recyclable bifunctional catalyst for carbon dioxide and epoxide condensation. Thus it was envisaged that an organic polycation 3 could be combined with a zinc(salen) complex 4 substituted with two negatively charged sulphonate groups (Scheme 3). Polycation 3 is obtained from the inexpensive and commercially produced crystal violet leuco dye precursor by benzyl bromide alkylation. The combination of complexes 3 and 4 in different proportions could generate a set of self-assembled supramolecular ionic composites (5-7) with nucleophilic halide anions either present or completely absent within the structure. To simplify the initial studies, zinc was chosen as the central ion in the metal salen complex due to single oxidation state, non-paramagnetic nature and known tendency to form square-planar salen complexes.[14] It was expected that due to the electrostatic forces, the composites would form stable crystal structures insoluble in most organic solvents, but capable of reacting to external stimuli by increasing the distance between the ions and metal centers; “breathing,” in polar solvents and allowing substrates to reach the catalytic sites within the composite. Even if the final reaction mixture became so polar as to partially dissolve the composite, its recovery could be achieved by the addition of a nonpolar solvent. Herein we report the results of this study.


Scheme 3. Synthesis of ionic composites 5–7.
Results and Discussion
Compounds 3 and 4 were prepared as described in the supporting information and characterized by NMR and IR spectra and elemental analysis. Mixing 3 and 4 in water at a molar ratio of 2 to 3 resulted in the precipitation of composite 5, not containing any bromide ions (Scheme 3). The X-ray structure of composite 5 is shown in Figure 1. It is constructed of rather short layers of polyanions composed of several molecules of 4 interconnected by their sulphonate groups coordinated at the apical positions of the neighboring central metal ions. The countercations of 3 were positioned between the layers. The powder X-ray diffraction pattern of composite 5 is shown in Figure 2. The experimental (blue curve) and calculated based on the single-crystal X-ray structure (red curve) powder patterns are similar which confirms that the powder of composite 5 is homogeneous and that the single crystal structure is representative of the bulk material.

Figure 1. Packing view of the X-ray structure of composite 5. Hydrogen atoms are omitted for clarity.

Figure 2. Experimental (blue) and calculated based on the single-crystal structure (red) powder X-ray diffraction patterns for composite 5 and their difference (grey). Blue ticks indicate calculated positions of the refined structure.
Composite 5 was also analysed by nitrogen porosimetry (data in Supporting Information, Section 11). It was found to contain mesopores and macropores with a BJH adsorption average pore radius of 10.4 nm, a BET surface area of 39.3 m2 g-1 and a BJH adsorption pore volume of 0.2 cm2 g-1. The porosimetry data is not directly relevant to the catalytic activity of the composite as the pore sizes are much larger than carbon dioxide and epoxides and there is extensive literature precedent for microporous, mesoporous and macroporous materials all showing catalytic activity for cyclic carbonate synthesis.[15] However, it provides an indication of how the solid state structure varies between species 5–9.
Quaternary ammonium salt 3 was not an efficient catalyst for the addition of carbon dioxide to styrene oxide 1a at 50 oC and 50 bar carbon dioxide pressure under solvent free conditions. Using 8 mol% of salt 3 and a reaction time of 24 hours, only traces of styrene carbonate 2a were detected in the reaction mixture (Table 1, entry 1). Composite 5 (0.66 mol%) was then tested under the same conditions. The composite was not soluble in styrene oxide 1a. After 24 hours the reaction was stopped, the temperature and pressure were brought to the ambient values and tetrachloromethane or diethyl ether was added to the reaction mixture to precipitate composite 5 (tetrachloromethane was preferred to simplify the 1H NMR spectra). As there were no bromide ions present within composite 5, the reaction was very slow and the yield of styrene carbonate 2a was only 10% (Table 1, entry 2). The addition of tetrabutylammonium bromide (TBAB) to composite 5 resulted in an increase in the catalyst activity (Table 1, entries 2-5) as anticipated, until at a ratio of TBAB/5 of 4:1, the yield reached 84% (Table 1, entry 5). TBAB is itself a known catalyst for cyclic carbonate synthesis,[16] so a control experiment was carried out and under the same reaction conditions use of TBAB (3 mol%) as the sole catalyst produced only 38% of carbonate 2a.
	

	Table 1. The addition of CO2 to neat styrene oxide 1a, promoted by ionic composites 5–7.[a]

	Entry
	Catalyst (mol ratio of 4:3 = (m:n))(unless indicated otherwise)
	TBAB/5 (mol ratio)
	Zn/Br (mol ratio)
	Yield of 2a (conv),[b] %
	Selectivity,[b] %

	1[c]
	3
	-
	-
	traces
	n.d.

	2
	5 (3:2)
	-
	-
	10 (10)
	>99

	3
	5 (3:2)
	2:1
	1:0.7
	51 (60)
	>99

	4
	5 (3:2)
	3:1
	1:1
	65 (67)
	>99

	5[h]
	5 (3:2)
	4:1
	1:1.3
	84 (85)
	>99

	6[d]
	6 (1:1)
	-
	1:1
	29-33 (30-34)
	>99

	7
	7 (1:2)
	-
	1:4
	>98 (>99)
	>99

	8[e]
	7 (1:2)
	-
	1:4
	traces
	n.d.

	9[f]
	7 (1:2)
	-
	1:4
	33-40 (40-50)
	>99

	10[d]
	7 (1:2)
	-
	1:4
	98-99 (>99)
	>99

	11[e,g]
	7 (1:2)
	-
	1:4
	traces
	n.d.

	12[e,i]
	7’ (1:2) 
	
	1:4
	80-90 (>99)
	>80

	[a] Reaction conditions: 2 mol% catalyst (relative to Zn) neat styrene oxide, 50 bar, 50 oC, 24 h, unless specified otherwise in a 7 mL autoclave. After the reaction, the catalyst was precipitated with CCl4 or Et2O and the filtrate evaporated. [b] Yields and conversions were determined by 1H NMR spectroscopy using ortho-xylene as a standard. [c] The loading of 3 was 3 mol%. [d] The catalyst was recovered (initially from a reaction carried out under the conditions of entry 7) and reused and the activity remained constant over five consecutive runs. [e] The experiment was conducted for 3 h, using freshly prepared composite. [f] The experiment was carried out for 3 h using the catalyst recovered from run 7. [g] The catalyst was prepared by adding 20 equiv. of styrene carbonate to a freshly prepared sample of the composite. [h] Fresh portions of the catalyst were used each time and for three repeated experiments the yields of 2a were in the range of 80-86%. [i] A mixture of partly alkylated (with BnBr) leuco dye 3’, salen ligand precursor of complex 4 alkylated with 2 eq of BnBr and ZnCl2 were combined to generate model catalyst 7’. n.d. = not determined.


Mixing compounds 3 and 4 in a 1:1 ratio in water resulted in the formation of a precipitate which also contained a 1:1 ratio of the components and had a 1:1 ratio of Zn to bromide. This composite is designated as 6 (Scheme 3) and its powder X-ray diffraction pattern is shown in Figure 3. The powder patterns of composites 5 (Figure 2) and 6 (Figure 3) were different which confirmed their different structures. Porosimetry (data in Supporting Information, Section 11) showed that composite 6 was mesoporous with a BJH adsorption average pore radius of 3.4 nm, a BET surface area of 12.7 m2 g-1 and a BJH adsorption pore volume of 0.02 cm2 g-1. These values are all lower than the corresponding values for composite 5 and the pore volume is an order of magnitude lower. This is consistent with the majority of the pores which were present in composite 5 now being filled by bromide ions which have an ionic radius of just 0.196 nm.[17]

Figure 3. PXRD pattern of composite 6.
The catalytic performance of composite 6 under the standard conditions was rather poor with the yield of styrene carbonate 2a in the range of 29-33% (Table 1, entry 6). The catalyst could however, be easily precipitated by the addition of tetrachloromethane or diethyl ether and reused. Its activity remained constant over five runs (Table 1, entry 6). The 1H NMR spectra of composite 6 recovered from the reaction mixture did not significantly differ from that of freshly prepared composite 6 (Figure S4).
Composite 7 with a m:n ratio of 1:2 (Scheme 3), was prepared by adding an equivalent of salt 3 to a methanol solution of composite 6, followed by evaporation of the solution. Porosimetry showed that composite 7 was again mesoporous with a BJH adsorption average pore radius of 4.0 nm, a BET surface area of 1.7 m2 g-1 and a BJH adsorption pore volume of 0.002 cm2 g-1. The order of magnitude reduction in the surface area and pore volumes compared to composite 6 are consistent with even more of the pores which were present in composite 5 now being filled by bromide ions.
The resulting solid material 7 contained a 1:4 ratio of zinc to bromide, so a better catalytic performance of the catalyst could be expected (Table 1, compare entries 3-5) and under the standard conditions a quantitative conversion of styrene oxide 1a into styrene carbonate 2a was observed (Table 1, entry 7). In view of this, the reaction time was reduced to three hours, but, unexpectedly, almost no styrene carbonate formation was detected employing freshly prepared composite 7 (Table 1, entry 8). Intriguingly, the catalyst recovered from entry 7 by tetrachloromethane precipitation and reused produced a 33-40% yield of styrene carbonate 2a within a three hour reaction period (Table 1, entry 9). Evidently, some changes occurred with the catalyst during the reaction, improving its catalytic properties. The catalyst then remained active in, at least, five consecutive experiments without loss of its activity (Table 1, entry 10).
One rationale for the catalytic improvement could be the inclusion of the polar cyclic carbonate molecules within the composite structure, as indicated by the 1H NMR spectrum in DMSO-d6 of the recovered composite (Figure 4). However, the addition of 20 equivalents of styrene carbonate to freshly prepared composite 7 did not improve the performance of the catalyst (Table 1, entry 11). Clearly, some chemical transformation of composite 7 took place within the reaction, improving its performance. The filtered solutions obtained by diluting a reaction with diethyl ether or tetrachloromethane were analysed by  rentgeno fluorescence and no zinc, bromine or sulphur atoms were detected, indicating that species containing these elements do not leach out of the composite during the reaction.

Figure 4. 1H NMR spectra in DMSO-d6 of the initial composite 7 (blue) and recovered composite 7 after 1st use in styrene carbonate synthesis (red). The peaks at 2.5 and 3.6 ppm correspond to DMSO and H2O respectively. In the red spectrum, the peaks at 4.4, 4.9 and 5.7 ppm correspond to styrene carbonate 2a.
The 1H NMR spectra of the initial composite 7 and that of the catalyst recovered after a 24 hours reaction are presented in Figure 4. Evidently, both the zinc(salen) (4) and the polycation component (3) of composite 7 underwent concomitant structural changes. New resonances of 3 appeared at 5.75 and 3.59 ppm related to the central CH group and benzyl CH2 groups respectively. Resonances corresponding to uncharged MMe moieties also appeared at 2.8ppm. Simultaneously, a novel aldimine resonance for 4 appeared at 8.59 ppm and a new tert-butyl group resonance of the salen moiety appeared at 1.25 ppm. On the basis of these results it appears that, under the reaction conditions, benzyl groups were transferred from quaternary ammonium salt 3 to one or both of the sulfonate groups of zinc(salen) species 4 within composite 7. There is literature precedent for quaternary ammonium salts undergoing a reverse Menschutkin reaction to form tertiary amines and alkyl halides during cyclic carbonate synthesis.[6] In the presence of traces of water in the reaction mixture, protonation of the phenolate groups may have occurred with the zinc ion acquiring oxygen (or/and bromide) ligands generating one or more new catalytically active species as shown in Scheme 4. The new formed phenolic groups within the zinc(salen) complex may be additionally stabilized by hydrogen bond formation with the newly formed unprotonated dimethylamino groups. Thus, the in situ formed species can be considered as Lewis acid activated Brønsted acids and would be expected to be highly efficient catalysts for cyclic carbonate synthesis.


Scheme 4. Proposed in situ conversion of initial composite 7 into a more catalytically active set of species. For simplicity only a subset of the species likely to be formed are shown as not all the sulphonate groups will be alkylated.  
The catalyst recovered after use in cyclic carbonate synthesis was also analysed by porosimetry. This showed that the material was again mesoporous with a BJH adsorption average pore radius of 11.7 nm, a BET surface area of 1.3 m2 g‑1 and a BJH adsorption pore volume of 0.03 cm2 g-1. The increase in the pore radius and volume compared to fresh composite 7 are consistent with a change in the structure of the material and suggest that the recovered material has a less tightly packed structure. This is consistent with the absence of favourable ionic interactions between the salen and leuco dye components of the recovered material as shown in Scheme 4.
To support this hypothesis, the leuco dye was alkylated with only two equivalents of benzyl bromide (Scheme S2). The 1H NMR spectrum of the resulting product showed it to be a mixture of mono, bis and tris-alkylated molecules of the triamine. This mixture is designated as 3’. The salen ligand precursor of complex 4 was also treated with benzyl bromide in the presence of sodium hydride in DMF and the resulting reaction mixture was purified on LH-20 Sephdex (Scheme S1). The 1H NMR spectrum of the yellow material so obtained (designated as B’ and obtained in 40% yield) featured a set of, at least, three aldimine resonances, three CH2 resonances of benzyl groups (4.6-4.7 ppm) and a new set of aromatic resonances at  7.2-7.5 ppm. Integration of these signals suggested a structure with two benzyl groups attached to the original salen ligand. The yellow colour of B’, suggested that conjugation between phenols and aromatic imines was still present. The infrared spectrum B’ showed adsorption bands at 3300 cm-1 corresponding to OH stretches. However, the adsorption band at 1038 cm-1 corresponding to the sulphonate group which was present in the salen ligand precursor of complex 4 almost disappeared from the spectrum of the alkylated product B’. A composite corresponding to that shown as being formed in Scheme 4 (and designated as 7’)  was then prepared by combining two equivalents of salt 3’ , one equivalent of ligand B’ and one equivalent of anhydrous zinc chloride. When used as a catalyst under the conditions of Table 1 (entry 12), complete conversion of styrene oxide to the corresponding carbonate occurred within three hours, providing good support for the in situ formed catalyst having the structure shown in Scheme 4.
	

	Table 2. Reaction of CO2 with various epoxides promoted by the ionic composite 7.[a]

	Entry
	Substrate
	Product
	Yield (conv),[b]
%
	Selectivity,[b]
%

	1
	1b
	2b
	>98 (>99)
	>99

	2
	1c
	2c
	40 (43)
	>99

	3[c]
	1c
	2c
	>98 (>99)
	>99

	4
	1d
	2d
	>98 (>99)
	>99

	[a] Reaction conditions: 2 mol% catalyst 7, neat epoxide, 50 bar, 50 oC, 24 h, unless specified otherwise. At the end of the reaction, the catalyst was precipitated with CCl4 and the filtrate evaporated. [b] Yields and conversions were determined by 1H NMR spectroscopy using ortho-xylene as a standard. [c] The catalyst was recovered from entry 2 and reused.


Bromide containing composite 7 could also be employed for the formation of other cyclic carbonates (Table 2, entries 1-4). Para-chlorostyrene oxide 1b underwent reaction with very good yield (Table 2, entry 1). Hexene oxide 1c reacted slowly and gave only a 40% yield of cyclic carbonate 2c under the standard conditions. However, the in situ formed catalyst (Scheme 4) isolated at the end of this reaction was also much more active with this substrate and gave cyclic carbonate 2c in quantitative yield. 3-Chloropropylene oxide 1d was also a good substrate for the reaction (Table 2, entry 4).
To determine if the composite was active as a homogeneous or heterogeneous material, additional experiments were carried out. Composite 7 was insoluble in epoxide 1a according to 1H NMR spectroscopy, but, as the reaction progressed, the forming cyclic carbonate 2a could be a much better solvating media for the composite. Indeed it was observed that when the final reaction mixture of an experiment carried out under the conditions of Table 1, entry 7 was filtered at 50 oC, almost no sediment was left on the filter. However, when 1.5 equivalents of epoxide 1a was added to the filtrate, the immediate formation of a precipitate was observed. The solid and liquid were separated and the liquid was shown to consist of 1a and 2a in a 1.8:1 ratio (see Supporting Information, Figure S2). Composite 7 was not detected in the filtrate by 1H NMR spectroscopy (see Supporting Information, Figure S2). Then, the filtrate was reacted with carbon dioxide under the standard reaction conditions. After 24 hours, the ratio of 1a:2a had changed to 1:3 (see Supporting Information, Figure S3). This indicated that some minute amounts of catalyst were present in the filtered solution. This experiment whilst indicating the homogeneous nature of the catalyst, could not exclude some additional activity due to a heterogeneous part of composite 7.
To clarify the catalyst state and construct a real heterogeneous catalytic system, a cross-linked ionic matrix 8 was synthesized from the leuco dye and para-dibromoxylene in methanol at room temperature (Scheme 5). The resulting insoluble material 8-Br was obtained in 50% yield. All the bromine content of the matrix had an ionic nature and could be easily substituted by iodide ions in water to generate 8-I. The material swelled in water and DMSO but did not swell in methanol or styrene oxide 1a. 
Matrices 8-Br and 8-I had very similar pore structures as determined by nitrogen porosimetry. The BJH adsorption average pore radii of 2.3 and 2.7 nm respectively, suggested that both materials were mesoporous, though pore radius distribution plots (data in Supporting Information, section 11) indicated a very wide spread of pore radius from <1 nm to >100 nm, showing the presence of micro-, meso- and macro-pores. The BET surface areas were 4.2 and 3.3 m2 g-1 and the BJH adsorption pore volumes were 0.006 and 0.005 cm2 g-1 respectively. These data are similar to those of composite 7 and the very low pore volumes again suggest that any pores present within the polymeric matrix are largely filled by the halide ions.
The addition of zinc(salen) complex 4 in water to 8-Br(I) followed by washing with water resulted in formation of a heterogeneous catalytic material 9-Br(I) with a ratio of Zn:Br(I) of 4:1. This material (with bromide counterions 9-Br) was found to be a borderline microporous/mesoporous solid with a BJH adsorption average pore radius of 1.3 nm, a BET surface area of 2.6 m2 g-1 and a BJH adsorption pore volume of 0.003 cm2 g-1. These values are all reduced compared to those of polymer 8-Br consistent with inclusion of at least some of the salen units within the 8-Br pores.


Scheme 5. Synthesis of ionic matrix 8-Br.
	

	Table 3. The addition of CO2 to neat styrene oxide 1a, promoted by the heterogeneous ionic composite 9.[a]

	Entry
	Catalyst
	Conversion,[b] %
	Selectivity,[b] %

	1
	9-Br
	43
	>99

	2[c]
	9-Br
	53
	>99

	3[d]
	9-Br
	60
	>99

	4
	9-I
	39
	>99

	5[c]
	9-I
	95
	>99

	6[d]
	9-I
	>99
	>99

	[a] Reaction conditions: 2 mol% catalyst (based on zinc content), neat 1a, 50 bar, 50 oC, 24 hours, 7 ml autoclave. After the reaction, the heterogeneous catalyst was filtered and washed with 10-12 mL of tetrachloromethane. [b] Conversion was determined by 1H NMR spectroscopy. [c] The 2nd run with the recovered catalyst. [d] The 3rd run with the recovered catalyst.

	


The activity of 9-Br in the reaction between epoxide 1a and carbon dioxide was low. Only 43% of cyclic carbonate 2a was formed under the standard conditions (Table 3, entry 1). The activity of the recovered catalyst improved only slightly during the second and third uses of the catalyst (Table 3, entries 2 and 3) suggesting that it undergoes little or no conversion to a more active species under the reaction conditions. The iodide containing catalyst 9-I had even lower catalytic activity than 9-Br (Table 3, entry 4). However, the efficiency of recovered 9-I increased markedly during its second and third uses (Table 3, entries 5 and 6) in the same way as that of composite 7 containing a bromide ion (Table 1, entries 8-10). The increased efficiency of 9-I recovered from the reaction can be explained in the same way as the increasing activity of the at least partly homogeneous catalyst system 7 (Scheme 4). The observed activity of the purely heterogeneous systems (9-Br and 9-I) does indicate that even in the case of the ionic composites derived from 3 and 4, at least some impact of catalysis by heterogeneous components can be expected, especially in the early stages of the reaction where the reaction mixture is at its most non-polar.
Conclusions
Novel types of easily recyclable catalysts for carbon dioxide addition to epoxides have been developed based on electrostatically connected triply positively charged derivatives 3 of the commercially available leuco dye of crystal violet and a doubly negatively charged Zn(salen) complex 4 with two sulphate groups introduced into the molecule. The system functioned as a bifunctional catalyst which could be easily separated and recycled by the addition of tetrachloromethane to the reaction mixture. The same batch of the catalyst could be employed for, at least, five runs with its catalytic properties improving as it was reused. A fully heterogeneous system 9 was prepared by cross-linking leuco dye with para-dibromoxylene and adding to it calculated amounts of Zn(salen) complex 4. The heterogeneous system was catalytically competent in the reaction between styrene oxide and carbon dioxide and its activity also increased on its reuse. The approach elaborated in this work can be easily developed further and applied to other types of M(salen) promoted reactions.
Experimental Section
Experimental details are given in the supporting information. CCDC-1838968 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data request/cif.CCDC.
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