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Introduction

Metallomesogens are metal complexes that exhibit liquid crystalline properties. Over the past years, they have attracted a considerable attention and many mesogens incorporating various metals have been reported. 1 Concerning the design of metallomesogens, the initial requirement which has to be satisfied relates to the stability of the metal complex. Whereas late transition metal ions usually lead to robust species, it is often not the case for compounds based on early transition metals. Titanium (IV) complexes represent a major class of compounds widely used in many fields of modern molecular science. Organometallic and coordination titanium (IV) compounds are powerful reagents for catalytic enantioselective processes, 2 for catalytic organic transformations, 3 as initiators for polymerization reactions, 4 or for biological and medical applications. 5 Also, titanium (IV) represents a very attractive metal centre to construct metallosupramolecular architectures. 6 However, titanium (IV) complexes usually display moderate hydrolytic (or alcoholytic) stability and generate high nuclearity aggregates through olation or oxolation reactions. In particular, these pathways permit to access titanium(IV)-based oxo-clusters which could be regarded as models of TiO 2 . 7 This low or moderate stability is mainly observed: if the coordination sphere of titanium(IV) is unsaturated; if the titanium(IV) centre within neutral complexes is surrounded only by oxygenated ligands; and/or if the ligands are not bulky enough to shield the approach of small nucleophilic molecules such as water for instance. Therefore, there is a significant interest to develop a coordination chemistry of titanium(IV) leading systematically to robust monomeric or polynuclear structures, to envisage the use of these complexes in various unexplored fields of investigation for titanium(IV)-based chemistry. This is particularly true if Ti(IV) complexes displaying liquid-crystal properties have to be designed.

Over the latest decade, we have synthesized a series of well-defined mononuclear titanium complexes constructed around a TiO4N2 framework using the ligand 3,3'-diphenyl-2,2'biphenol (4-H2, Chart 1). 8 This TiO4N2 framework has been used to develop rather robust complex displaying luminescence and biological properties. Also, we have extended this TiO4N2based coordination chemistry in the field of metallosupramolecular chemistry where polyphenol ligand 5-H4 (Chart 1) 9 has been employed as an oxygenated strand to create heteroleptic double-stranded helicates or circular helicates. 10 A stable monomeric Ti(IV)-complex incorporating a modified 2,2'-bipyrimidine ligand (ligand 2b, Chart 1) has been previously reported and its mesogenic properties have been discussed. Therefore, we extend herein the scope of our investigation by studying the coordination chemistry of easily accessible bidentate nitrogen ligands to create robust titanium(IV) species built around a TiO4N2 core. These ligands are obtained by applying Huisgen 1,3-dipolar cycloaddition reactions from 2-(1H-1,2,3-triazol-4-yl)pyridine or 2,2'bipyrimidine derivatives. The stability of the resulting complexes is evaluated and the robustness of some complexes generated from this set of ligands has been exploited to afford TiO4N2-based complexes containing long alkyl chain (C16). The thermotropic liquid crystalline behaviour of the ligands and the complexes described hereafter have been investigated. method widely used to easily derivatise a number of ligand structures. 11 CuAAC is a very attractive synthetic method as it tolerates number of functional groups and produces the 1,2,3triazole units in high yields. Thus, the CuAAC reaction has been privileged to connect mesogenic groups to central molecular fragments in order to create molecules with liquid-crystal properties. 12 More particularly, these "click" reactions are well suited for nitrogen ligands synthesis since complex functional groups could be effectively grafted at the periphery of the nitrogen ligands. 13 In some cases, the 1,2,3-triazole cycle generated after the CuAAC reaction could coordinate the metal centre; this is the case of derivatives of the 2-(1H-1,2,3-triazol-4-yl)pyridine. 14 Thus, two classes of nitrogen ligands have been targeted in the present work: 2,2'-bipyrimidine derivatives, as far as we have successfully used 2,2'-bipyrimidine for titanium coordination chemistry in the past; 8b,10c and also derivatives of 2-(1H-1,2,3-triazol-4-yl)pyridine, for which coordination onto titanium (IV) is unprecedented. Concerning the 2-(1H-1,2,3-triazol-4-yl)pyridine derivatives, we wished to evaluate the coordination properties of these ligands with Ti(IV) in comparison with a diimine ligand such as a 2,2'bipyrimidine derivative.

Ligands 1a, 2a and 3a (R = CH3) were prepared through a CuAAC variant (see Schemes 1 and 2) starting from readily available reagents. Following reported procedures, 15 the catalyst employed resulted from an in situ reduction of copper (II) sulfate with sodium ascorbate; but the reactions were carried out under biphasic conditions. In a second step, having optimised the synthesis conditions for nitrogen ligands where R = CH3 and having in mind the conception of titanium(IV)-based mesogens, the synthesis was extended to molecules substituted with long alkyl groups (R = C16H33). The six ligands were isolated in moderate-to-good yields (49-81%) and completely characterized. 

Synthesis and characterization of monomeric complexes

The synthesis of the octahedral monomeric complexes Ti(1a,b)(4)2, Ti(2a,b)(4)2 and Ti(3a,b)(4)2 (Chart 1) constructed around a TiO4N2 core was then undertaken. The complexes were obtained by following a well-established procedure 8b based on the exchange of the labile isopropanol ligands coordinating the metal center in Ti(4)2(HO i Pr)2 8a by a nitrogen bidentate ligand (1 equiv.) as shown in eqn (1). Ti(4)2(HO i Pr)2 + L → Ti(L)(4)2 + 2 HO i Pr

(1) L = ligand 1-3

As we had expected, single crystals suitable for X-ray diffraction analysis were obtained in the a series (R = CH3), whereas in the b series (R = C16H33), the complexes were isolated as fine powdered solids; the yields varied from 31% to 89%. All complexes could be completely characterized by NMR, elemental analysis and mass spectrometry.

The molecular structures of complexes Ti(1a)(4)2, Ti(2a)(4)2 and Ti(3a)(4)2 are depicted in Figs. 123; the three of them incorporate TiO4N2 octahedral units. They crystallize in centrosymmetric space-groups, and the enantiomers represented are arbitrarily chosen as  for Ti(1a)(4)2, and ∆ for Ti(2a)(4)2 and Ti(3a)(4)2. Complex Ti(3a)(4)2 is C2symmetric within the unit cell. The biphenol ligands 4 adopt an axial configuration which is identical to the one observed in many other complexes that we had previously reported, viz. aS when the metal centre is ∆ and aR when the metal center is . 8b,c The metrical data are also similar to those of these previously reported complexes: d(Ti-O) = 1.87 ± 0.05 Å, d(Ti-N) = 2.25 ± 0.03 Å, and an expectedly narrow N-Ti-N chelate angle (72.3 ± 0.4°) within a distorted octahedral geometry. In complex Ti(1a)(4)2, one of the triazole nitrogens (in position 3) is a donor atom and the triazolylpyridine chelates titanium(IV), whereas in the two other complexes the triazole only plays the role of a linker between the chelating bipyrimidine and the trialkoxybenzyl group(s). With regard to structural features, Ti(2a)(4)2 and Ti(3a)(4)2 are rather close to Ti(bpym)(4)2 (bpym = 2,2'-bipyrimidine). 8b In the structure of Ti(3a)(4)2, trimethoxybenzyl-triazolyl segments drive the solid-state organisation. Complex Ti(3a)(4)2 forms linear chains via the self-recognition of a trimethoxybenzyl groups with a neighbouring triazole group through hydrogen bonding between the central oxygen of trimethoxybenzyl fragment and the triazole hydrogen (mean distance d(OMeCHtriazole) = 2.52 Å) (Fig. 4). The solution NMR data of these 3 titanium complexes are in full agreement with their crystal structures. Both ligands 4 in the C2-symmetric complexes Ti(3a)(4)2 are chemically equivalent, by contrast with the two other complexes. In addition, the chemical shifts and coupling constants of the aromatic and benzylic signals of the three complexes bearing long carbon chains (b series, R = C 16 H 33 ) are very close to the equivalent complexes of the a series (R = CH3), suggesting that the latter are good models of potential mesogens. As a result of the coordination to titanium, both benzylic protons of the nitrogen ligands become diastereotopic, which leads to two distinct resonances with geminal coupling constants (14.3-14.8 Hz). On the ROESY NMR spectra of complexes Ti(2a,b)(4)2 and Ti(3a,b)(4)2, we focussed on the NOE cross-peaks between the signals of H1 or H2 (pyrimidine ring) and H3 (triazole ring) (see Chart 1 for the numbering of the protons). For instance, both cross-peaks on the spectrum of complex Ti(3a)(4)2 are displayed in Fig. 5; a strong H1/H3 cross-peak is observed, whereas the H2/H3 cross-peak is much weaker. We observe the same phenomena on the ROESY spectra of the three other complexes. This shows that the conformation of the triazole ring is the same in solution and in the crystal structures, viz. it is roughly coplanar with the pyrimidine rings and its nitrogen atoms point outwards with regard to the coordination sphere. 

The double-stranded helicate [Ti2(1a)2(5)2]

Following the procedure that we had designed for the selfassembly of titanium (IV), 5-H 4 and bpym, 10c we endeavoured to run similar experiments under solvothermal conditions with the newly synthesized nitrogen ligands. We did not meet with success using the model bipyrimidine ligands 2a and 3a, but in different manners. Indeed, by monitoring the reaction by 1 H NMR spectroscopy and/or mass spectrometry, we found that 2a led to an intractable mixture of complexes (including Tin(2a)n(5)n complexes with n = 2 or 3), whereas 3a did not coordinate the metal centre and was observed in its free form by NMR. No further investigation was attempted, but we assume that the steric factor plays a role in this difference of behaviour.

By contrast, we did isolate crystals of a binuclear doublestranded helicate [Ti 2 (1a) 2 ( 5) 2 ] complex with ligand 1a after heating a solution of [Ti(O i Pr)4], 1a and 5-H4 in toluene at 100°C for 2 days; this new compound was characterized by mass spectrometry and crystallography (Fig. 6). The crystal structure presents analogies with other pseudo-C2-symmetric self-assembly Ti architectures that we recently reported, e.g. where the titanium atoms were chelated by orthophenylenediamine instead of a triazolylpyridine. 16 Unsurprisingly, within the dinuclear complex, each coordination TiO4N2 sphere presents close similarities with the monomeric complex Ti(1a)(4)2, with the following metrical data : Ti-O bond distance = 1.88 ± 0.03 Å, Ti-N bond distance = 2.26 ± 0.03 Å, N-Ti-N chelate angles = 72.28 and 72.48°.

An intermetallic distance of 8.72 Å separates both titanium centers. Both triazolylpyridine ligands are positioned antiparallel in the structure, sandwiching one the phenylene fragment of one tetraphenolic ligand 5, whereas the phenylene fragment of the second ligand 5 is orthogonal. In solution, the structure of the complex characterized in the solid-state remains identical, as confirmed by several NMR experiments. First of all, the 1 H NMR spectrum shows only one set of signals, meaning that only one species is present in solution. The DOSY 1 H NMR spectrum displays only one single diffusion at 540 ± 10 % μm 2 .s -1 in CD2Cl2. According to the Stokes-Einstein equation, this diffusion corresponds to Rh = 8.8 ± 1.0 Å matching with the value expected for a dinuclear architecture. Let us recall that the diffusion in CD2Cl2 of a double-stranded helicate incorporating the orthophenylenediamine ligand was measured at 600 ± 10 % μm 2 .s - 1 . 16 Therefore, this highlights the presence in solution of a dinuclear architecture and the [Ti2(1a)2( 5)2] formula is proposed. Overall, the 1 H NMR spectrum of [Ti2(1a)2( 5)2] is well resolved and the signals are sharp. The diastereotopic methylene protons of the ligand 1a resonate as two doublets ( = 4.75 ppm, 2 J = 15 Hz;  = 3.85 ppm, 2 J = 15 Hz). By ROESY analysis, an Overhauser effect is noticed between the most deshielded one of these diastereotopic protons, and the protons belonging to the para-phenylene bridge sandwiched by the two pyridine-triazole ligands. This reflects that the structure adopted by the complex in solution is very close to the structure established by X-Ray diffraction. Also, the 1 H NMR signature of this para-phenylene bridge located between the two ligands 1a appears as a thin singulet at room temperature, indicating that this aromatic ring is allowed to rotate freely within [Ti2(1a)2(5)2]. Unexpectedly, [Ti2(1a)2( 5)2] was a kinetic product and was converted into the trinuclear complex [Ti 3 (1a) 3 (5) 3 ] which precipitated in the reaction mixture after 6 days heating at 100°C. This new species is characterized by ESI + -MS, with a molecular peak at m/z = 1475.84 assigned to the species [Ti3(1a)3(5)3Na2] 2+ (Fig. 7). In Fig. 8 is represented the DOSY NMR spectrum of a solution of this precipitate in CD2Cl2. The 1D 1 H NMR spectrum is too complex to be interpreted, but the DOSY spectrum reveals that the diffusion coefficient of the species present in solution is 410 ± 10% μm 2 .s -1 . Here, the value of the hydrodynamic radius found for the species in solution is much higher (Rh = 11.6 ± 1.0 Å) compared to the one determined for [Ti2(1a)2(5)2]. In this case, the Rh value for the architecture in solution is much more in agreement with a trimeric titanium complex as determined by ESI + -MS. Finally, we interpret the complexity of the 1 H NMR spectrum of [Ti3(1a)3( 5)3] as the result of the presence of several stereoisomers linked to the dissymmetry of ligand 1a. It should be noted that self-assembly tests using ligand 1b were unfortunately unsuccessful, in spite of its structural similarity with 1a.

Evaluation of the stability of the complexes

We have shown very recently that phenanthroline-based TiO4N2 complexes are highly robust species. 17 In a similar manner, we have noticed that the complexes with bipyrimidine ligands are stable titanium (IV) complexes with regard to hydrolysis. We checked this stability on Ti(2a,b)(4)2 and Ti(3a,b)(4)2, and also on the previously reported Ti(bpym)(4)2. 8b They could be analysed by TLC either on standardized alumina or on silica, leading to distinct yellow spots; their retardation factors are given Table 1. We even took advantage of these data by purifying complex Ti(2b)(4)2 over alumina (see Experimental). In order to check the stability of the complexes quantitatively, we compared the 1 H NMR spectra of some samples (a few mg) before and after preparative column chromatography over alumina. After elution of Ti(3b)(4)2 and Ti(bpym)(4)2 with pure CH2Cl2, both spectra were identical, showing that the complexes were robust enough to be purified over alumina. By contrast, the spectrum recorded after elution of Ti(3a)(4)2 with CH2Cl2/CH3OH 98:2 exhibited minor signals of ligands 3a and 4-H2; the degradation of the complex was estimated at 8%. Such tests run on silica instead of alumina, using CH2Cl2/CH3OH 98:2 (complex Ti(3a)(4)2) or CH2Cl2/CH3OH 99:1 (complexes Ti(3b)(4)2 and Ti(bpym)(4)2) as eluents led to similar conclusions, i.e. partial degradation of Ti(3a)(4)2, very little degradation of Ti(bpym)(4)2 (less than 1%) and stability of Ti(3b)(4)2. It is remarkable that the latter were not affected by the presence of polar methanol; maybe the long hydrophobic hydrocarbon chain prevents access of water or methanol to Ti IV .

Furthermore, no degradation of Ti(3a)(4)2 was observed on the 1 H NMR spectrum of a solution in chloroform after addition of one drop of D2O. This stability contrasts strongly with the behaviour of [Ti(1a)(4)2]. When [Ti(1a)(4)2] crystals were dissolved in CDCl3 and the resulting solution was analysed by NMR, an important amount of free ligands ( 30 %) was observed. This very moderate stability of [Ti(1a)( 4)2] prompted us to purify [Ti(1b)( 4)2] only by precipitation. The purity of the complex was checked by thermogravimetric analysis (Fig. S4). In this case, an orange powder was recovered; solid-state 13 C CP-MAS NMR analysis has proved the purity of the sample. Several factors explaining the marked stability difference between the pyridine-triazole-and the 2,2'-bipyrimidine-containing complexes can be proposed. In order to rationalise these opposite behaviours, both complexes [Ti(1a)( 4)2] and [Ti(2a)(4)2], were compared. These two species have a similar bulkiness around the metal center, meaning that the accessibility of the metal towards water molecules or nucleophiles is nearly the same in both cases. Another factor considered concerns the charges of the titanium atoms within [Ti(1a)(4)2] and [Ti(2a)(4)2] as a high positive charge favors the addition of nucleophiles. However, the partial charges determined for the titanium atoms within [Ti(1a)(4)2] and [Ti(2a)(4)2] are almost identical. 18 The charges (Ti) = 2.79 and (Ti) = 2.81 are found for [Ti(2a)(4)2] and [Ti(1a)(4)2] respectively, meaning that the partial charges do not allow a satisfactory explanation. Lastly, it is much more probable that the robustness of 2,2'-bipyrimidine-containing species vs. [Ti(1a)(4)2] arises from sigma-donating ability of the ligands. In [Ti(1a)(4)2], the presence of the triazole heterocycle connected in the position 2 of the pyridine ring lowers the sigma-donating ability of the pyridine nitrogen, rendering the Ti-N linkage weaker. 19 It is worth noting that, contrary to [Ti(1a)(4)2], the 1 H NMR spectrum of [Ti2(1a)2( 5)2] did not reflect any degradation of the helicate. Intra-ligand interactions within [Ti2(1a)2( 5)2] may explain this gain of stability relative to [Ti(1a)(4)2].

Self-assembly of Ti complexes prepared from ligands 1-3a

The single-crystal structures obtained for Ti complexes prepared from trimethoxybenzyl group (TMB) terminated ligands 1-3a give direct access to self-assembly features. Regarding the mononuclear complexes [Ti(1-3a)(4)2], they organize in layers of laterally associated molecules that superpose in lamellae. However, the three materials show different lamellar self-assemblies, as revealed by structural parameters (Table 2) and by views of the crystallographic structure (Fig. 9). Therefore, [Ti(1a)(4)2] selfassembles in fused molecular layers of all-up and all-down oriented complexes. Specifically, TMB is rejected beyond laterally associated complexes with almost flat lying rings (tilt angle to layer normal is 74°); intercalation with TMB coming from the next molecular layer forms the central stratum of the bilayer. In-plane arrangement in tilted and staggered rows is rectangular herringbone-type with 2 molecules per lattice. Successive bilayers are shifted in the direction of rows leading to an overall monoclinic structure with 1 bilayer and 4 molecules per cell. Quite the contrary, [Ti(2a)(4)2] and [Ti(3a)(4)2] adopt a monolayer self-assembly with molecules alternatively oriented up and down and TMB occupying the same strata as complexes. As previously reported, [Ti(2a)(4)2] molecules associate through the triazolyl-bipyrimidine segment edges and ligand 4 tips into bimolecular units terminated by up and down directed TMB. 20 In-plane arrangement follows a rectangular herringbone lattice involving 2 bimolecular units with reverse tilt orientations.

[Ti(3a)(4)2] molecules align in rows with the TMB bearing ditriazolylbipyrimidine segment directed across the rows. Therefore, monolayers with a ribbon structure result from the alternation of rows of complexes and of intermediate strips mixing TMB and solvent. In-plane arrangement is oblique due to the longitudinal shift between successive rows; lattice periodicity involves 1 row and 2 complexes with inverted TMB orientations. In the threedimensional structures, [Ti(2a)(4)2] and [Ti(3a)(4)2] monolayers superpose in a staggered way, which leads to cell periodicities of 2 layers and to orthorhombic and monoclinic cell symmetry, respectively. Fig. 9 Views of single-crystal structures of Ti(1-3a)(4)2] complex series using Mercury software. From top to bottom: side view of Ti(1a)(4)2] molecules arranged in bilayers, of Ti(2a)(4)2] molecules arranged in monolayers of bimolecular units and of Ti(3a)(4)2] molecules arranged in monolayers; lamellar periodicity d and cell periodicity involving either a single bilayer or two staggered monolayers; molecular layer planes displaying respectively molecular herringbone, bimolecular herringbone and ribbon arrangements; staggered positioning of the second molecular layer. For Ti(2a)(4)2], similar views were shown in a previous communication. 20 Actually, the three lamellar configurations result from different orientations of the ligand shell in the layers. Thereby, [Ti(1a)(4)2] self-assembles with the triazolyl-pyridine segment almost oriented end-on i.e. orthogonal to layers (tilt angle from layer normal is 6-7°), which mechanically rejects TMB in the interlayer and triggers the fusion into bilayers. On the contrary, the triazolyl-bipyrimidine segment of [Ti(2a)(4) 2 ] is almost oriented face-on i.e. with the ring plane parallel to layers (dihedral angle is 12°), which makes ring edges available to the bimolecular association. Finally, the ditriazolylbipyrimidine segment of [Ti(3a)(4)2] is oriented edge-on i.e. with axis parallel and plane orthogonal to layers; the segment width projected in the layer plane is then smaller than the ligand shell in other directions authorizing the alignment in compact rows. It is hypothesized that the changeover of shell orientations is mainly controlled by the geometric features of the ligands. In this line, one notes that the length of ligand 1a is such that TMB automatically wraps the periphery of the [Ti(1a)(4)2] shell. Therefore, end-on orientation realizes a compact bilayering and incidentally also a compact lateral arrangement as confirmed by molecular area Amol (Table 2). Orientation changes to face-on for [Ti(2a)(4)2], possibly because TMB is moved away and becomes less prone to compact bilayering, and otherwise because association in bimolecular units should be favoured for the longer triazolylbipyrimidine segment. Additionally, compacity is not altered in this orientation since Amol is only 5% higher than for [Ti(1a)(4)2]. The introduction of a second TMB in [Ti(3a)(4)2] rules out the bimolecular association, which might explain the switching to edge-on orientation. The resultant ribbon structure has substantially lower compacity since Amol raises by 56% relatively to [Ti(2a)(4)2]. However, interstices are filled out by crystallization solvent whose insertion swells the structure.

In contrast to mononuclear complexes, [Ti2(1a)2( 5)2] crystallizes in a triclinic structure that displays a columnar selfassembly consisting in a two-dimensional arrangement of molecules piled into columns. Cell and self-assembly parameters are gathered in Table 2 and views of the crystallographic structure are displayed in Fig. 10. Firstly, one remarks that the triazolyl-pyridine segments are in edge-on configuration. This confers to the whole molecule the approximate shape of an oval disc prone to piling. Molecular spacing along columns is about 10 Å and tilt angle is 10°. Molecule orientation is unique along columns and inverts direction between column. In-plane arrangement is oblique with two columns per lattice. 

Structural properties of ligands 1-3b

Ligands 1-3b introduce long alkyl chains through the replacement of TMB in ligands 1-3a by trihexadecyloxybenzyl (THB). This might lead to emergence of liquid crystalline (LC) properties induced by the natural tendency of long alkyl chains and aromatic units to nanosegregate in juxtaposed domains. 21 The aromatic parts of ligands 1-3ab comply with the rod-like shape of calamitic mesogens. Calamitic architectures with a single chain at each end of the mesogen easily give smectic phases since mesogen and chain have comparable cross-sections, which is intrisically favourable to formation of layers alternating molten chain and mesogen sublayers. 22 Conversely, grafting several chains is detrimental to LC properties, but a specific LC behaviour reappears for sufficiently long mesogens, in particular smectic C with highly tilted mesogens and various columnar LCs generated by the splitting of mesogen sublayers into ribbons. 23 For phasmidic architectures in which mesogens are terminated by three chains at each end, an empiric rule states that mesogens must contain at least five aromatic or alicyclic rings to be LC. 24 Consistently, 1b and 2b were found to be non-mesomorphic while 3b exhibited LC behaviour. Thereby, 3b melts slightly above RT to LC and reaches clearing temperature above 160°C and after crossing a reversible transition between two LCs (Fig. 11). Polarizing optical microscopy (POM) textures of the high-temperature phase (HT) displayed developable domains characteristic of uniaxial columnar phases becoming broken developable domains in the low-temperature phase (LT) due to loss of uniaxiality. Based on this, the uniaxial HT is quite surely a hexagonal columnar phase (Colhex) and LT most likely a tilted columnar phase. The deduction upon the tilted nature of LT and the absence of tilting in HT is confirmed by the observation in LT textures of schlieren domains that become homeotropic domains after transition to HT (Fig. S1). The phase assignment is definitely established by small and wide-angle X-ray scattering (SWAXS), since both phases display the characteristic features of Colhex phases along with 18% enlarged columnar cross-section in HT following the transition from tilted to orthogonal structure (Fig. S2). To the best of our knowledge, this is the first case of Colhex-Colhex transition in a polycatenar system. The understanding of the transition mechanism deserves a more comprehensive investigation, which goes beyond the scope of this contribution centred on Ti complexes. 1.9 kJ mol -1 ; Colhex2 to Iso transition, Tonset = 162°C, Tmax = 163°C, H = 6.2 J g -1 = 12 kJ mol -1 . Right: polarizing optical microscopy (POM) textures at 140°C (top) and 100°C (bottom) displaying developable domains characteristic of orthogonal and tilted columnar liquid-crystalline phases, respectively. Additional POM textures (Fig. S1) and small and wide-angle X-ray scattering (SWAXS) patterns (Fig. S2) confirmed identification of Colhex1 and Colhex2 as tilted and orthogonal hexagonal columnar liquid crystals.

Structural properties of Ti complexes prepared from ligands 1-3b

One might expect that LC ligands will give LC complexes. This is of course a wrong shorcut as induction of mesomorphism primarily depends on the ability of the molecular architecture to form aromatic and molten chain domains with cohesive packing and sharp nanosegregation interfaces. 22 Yet, shape and cohesion of domains are changed between individual compound and same compound included in the ligand shell, and the arrangement of complexes further constrains the self-assembly of ligands. Actually, the three [Ti(1-3b)(4)2] complexes show very different phase behaviours that do not follow the trend of 1-3b series (Fig. 12). 4)2] presents a mesophase between crystal (Cr) and isotropic liquid (Iso), which is named Smrec as it is smectic-like with a rectangular inplane arrangement. 20 [Ti(1b)(4)2] is partly crystallized and melts close to RT. [Ti(3b)(4)2] crosses a crystal-crystal (Cr1-Cr2) transformation prior to melting to Iso, the liquid freezing to glassy state (G) on cooling; the nature of phases was confirmed with SWAXS (Fig. S3). [Ti(1b)( 4 [Ti(2b)(4)2] is the only complex exhibiting a mesophase, whose smectic-like structure was reported separately. 20 In a nutshell, complexes keep a bimolecular association and a lateral arrangement close to that of [Ti(2a)(4)2], except that THB all point on the same side of the layer and authorize intercalation of their long chains with those from next layer, which results in lamellae alternating bilayers of complexes and monolayers of molten chain. In contrast, [Ti(1b)(4) 2 ] is a partly crystallized solid melting to isotropic liquid slightly above RT. Ti(3b)(4)2] is initially in a crystallized state and crosses on first heating a crystal-crystal transformation prior melting to isotropic liquid; no transition to another phase occurs on subsequent cooling until freezing to glassy state near RT. The mesomorphism of [Ti(2b)(4)2] is explainable by the geometry of bimolecular units having the TMB/THB groups located at their periphery and oriented almost orthogonally to the arrangement plane. Therefore, alkyl chains are rejected beyond the complex layer boundary and the nanosegregation process is fostered, all the more as the molecular area per chain (24.5-25 Å 2 ) hardly deviates from natural cross-section ( 22.5-23 Å 2 at 100-140°C) and thus allows close packing of nearly stretched chains. Now considering [Ti(1ab)(4)2] complexes, TMB is almost lying in-plane in the [Ti(1a)(4)2] structure, which de facto excludes its replacement by voluminous THB along with the formation of nanosegregated layers. In view of the molecular geometry, the only way to construct lamellae from [Ti(1b)(4) 2 ] is to switch molecules to face-on orientation. Conversely, the fact that the compound is not mesomorphic suggests that a cohesive lateral arrangement is not possible in this orientation. Regarding Ti(3ab)(4)2 complexes, the molecular orientation in the Ti(3a)(4)2 structure allows the replacement of TMB by THB, but the area per chain would be as large as 37 Å 2 and hamper the formation of nanosegregated layers. The low compacity of the self-assembly is a likely reason for the absence of mesomorphism and might also explain the hindered crystallization.

Conclusion

We have reported herein the straightforward synthesis of novel bidentate heterocyclic nitrogen ligands bearing one or two trialkoxyphenyl substituents, where the alkyl groups are either long (C16) hydrocarbon chains in order to prepare potential mesogens ("b" series), or methyl groups for models of these mesogens ("a" series). They were generated through Huisgen cycloaddition (click chemistry) leading to triazole rings. Titanium (IV) complexes were consequently synthesized and characterized from these ligands and from polyphenols such as 4-H2 or 5-H4. By itself, ligand 3b displayed liquid crystal behaviour whereas for the resulting complex Ti(3b)(4)2, this behaviour was absent. One outstanding characteristic of complexes Ti(2a,b)(4)2 and Ti(3a,b)(4)2 is their remarkable stability, which allows them to be analysed by TLC on silica or alumina with little or no hydrolysis, and even for some of them to be purified by preparative chromatography. Self-assembly attempts undertaken by mixing together [Ti(O i Pr)4], 5-H4 and 1a led to a double stranded helicate, which was then originally converted into a trinuclear complex. Overall, this synthetic work has permitted to afford nitrogen ligands designed to generate metallomesogens or metallosupramolecular architectures. In the particular case of titanium(IV)-based species, these nitrogen ligands associated with polyphenol ligands bestow on the resulting complexes a great robustness, that is an essential characteristic to access thermotropic mesogens.

Experimental General procedures

The following commercial reagents were used as received from TCI, Alfa AEsar or VWR : copper(II) sulfate pentahydrate, sodium L-ascorbate, ethylenediaminetetraacetic acid (EDTA), ammonia aqueous solution, [Ti(O i Pr)4]. For the synthesis of the ligands, CH2Cl2 and deionized water were previously degassed with argon. For coordination chemistry, CH2Cl2, CHCl3, diethyl ether, toluene, n-heptane and pentane (Sigma-Aldrich) were dried with 4 Å molecular sieve before use. Column chromatography was carried out on aluminium oxide 90 standard or on silica gel 60 40-63 m (Merck). 5-ethynyl-2,2'bipyrimidine, 25 5,5'-diethynyl-2,2'-bipyrimidine, 26 5-(azidomethyl)-1,2, 3-trimethoxybenzene, 15b cis-[Ti(4)2(HO i Pr)2] 8a and ligand 5-H4 9 were synthesized following reported procedures. The synthesis and characterization of 5-(azidomethyl)-1,2,3-tris(hexadecyl-1-oxy)benzene has been reported recently, 27 but we had rather prepared it through a procedure similar to the one described in ref. 15b(vide supra). Solution NMR spectra were recorded at room temperature on Bruker Avance spectrometers. 1 H NMR spectra were recorded at 500.13 MHz and referenced to SiMe4. 13 C{ 1 H} NMR spectra (broadband decoupled) were recorded at 125.77 MHz and referenced to SiMe4. DOSY spectra were generated with the DOSY module of NMRNotebook TM software, via maximum entropy and inverse Laplace transform calculation. Solid-state cross-polarization magic angle spinning (CP/MAS) 13 C NMR spectra were recorded at room temperature on a Bruker Avance 500 spectrometer at ambient temperature with a magic angle spinning rate of 12.0 kHz. The NMR assignments were supported by 2D spectra: COSY, NOESY and/or ROESY for 1 H NMR, HSQC and HMBC for 13 C{ 1 H} NMR. Chemical shifts are reported in ppm and coupling constants in Hz; the latter are proton-proton coupling constants. The 13 C{ 1 H} signals are singlets. For the adopted numbering scheme, see Schemes 1 and 2 and Chart 1. Multiplicity: s = singlet, d = doublet, t = apparent triplet, m = multiplet. Mass spectrometry and elemental analyses were carried out by the corresponding facilities at the Institut de Chimie, Université de Strasbourg. The electrospray analyses were performed on a Micro-TOF (Bruker) apparatus equipped with an electrospray (ES) source. The MALDI mass spectra were acquired on a time-of-flight mass spectrometer (MALDI-TOF-TOF Autoflex II TOF-TOF, Bruker Daltonics) equipped with a nitrogen laser (λ = 337 nm). The elemental analyses were performed on a Flash 2000 apparatus (ThermoFischer Scientific) for C, H, and N elements.

Synthesis of the ligands 2-(1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-yl)pyridine (1a).

In a vial filled with argon, 2-ethynylpyridine (0.17 mL, 1.68 mmol) and and 5-(azidomethyl)-1,2,3-trimethoxybenzene (300 mg, 1.34 mmol) were dissolved in CH2Cl2 (1 mL). An aqueous solution (1 mL) containing copper(II) sulfate pentahydrate (67 mg, 0.27 mmol) and sodium L-ascorbate (105 mg, 0.53 mmol) was added to the organic medium. The mixture was stirred vigorously for 48 hours at room temperature. The resulting solution was extracted in CH2Cl2 (3 X 20 mL) and dried over anhydrous magnesium sulfate; the solvent was evaporated under reduced pressure. The crude product was purified by chromatography (CH2Cl2/CH3OH 98:2) over silica gel affording a white solid (88%). Mp = 126 °C. Anal. Calcd. for C17H18N4O3•1/8CH2Cl2: C, 61.04; N, 16.63; H, 5.46. Found C, 60.96; N, 16.63; H, 5.37. 1 H NMR (CDCl3, 500 MHz):  8.53 (1H, d, 3 J = 3.9 Hz, H1), 8.16 (1H, d, 3 J = 6.5 Hz, H4), 8.04 (1H, s, H5), 7.77 (1H, td, 3 J = 6.5 Hz, 4 J = 1.4 Hz, H3), 7.21 (1H, td, 3 J = 5.0 Hz, 4 J = 1.0 Hz, H2), 6.54 (2H, s, H7), 5.48 (2H, s, H6), 3.82 (9H, s, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz):  153.8, 150.2, 149.4, 148.8, 138.4, 137.0, 129.8, 123.0, 121.8, 120.3, 105.5, 60.9, 56.2, 53.8. MS (ESI + ): m/z 327.15 ([M + H] + , 100%).

2-(1-(3,4,5-tris(hexadecyl-1-oxy)benzyl)-1H-1,2,3-triazol-4yl)pyridine (1b).

In a vial filled with argon, 2-ethynylpyridine (0.100 mL, 0.95 mmol) and and 5-(azidomethyl)-1,2,3tris(hexadecyl-1-oxy)benzene (0.5 g, 0.58 mmol) were dissolved in CH2Cl2 (1 mL). An aqueous solution (1 mL) containing copper(II) sulfate pentahydrate (50 mg, 0.2 mmol) and sodium L-ascorbate (75 mg, 0.37 mmol) was added to the organic medium. The mixture was stirred vigorously for 48 hours at room temperature. The resulting solution was extracted in CH2Cl2 (3 X 20 mL) and dried over anhydrous magnesium sulfate; the solvent was evaporated under reduced pressure. The crude product was purified by chromatography (CH2Cl2/CH3OH 99:1) over silica gel affording a white solid (52 %). Mp = 78 °C. Anal. Calcd. for C62H108N4O3: C, 77.77; N, 5.85; H, 11.37. Found C, 77.77; N, 5.83; H,11.38. 1 H NMR (CDCl3, 500 MHz):  8.52 (1H, d, 3 J = 4.4 Hz, H1), 8.16 (1H, d, 3 J = 7.8 Hz, H4), 8.02 (1H, s, H5), 7.75 (1H, td, 3 J = 7.8 Hz, 4 J = 1.4 Hz, H3), 7.19 (1H, td, 3 J = 5.6 Hz, 4 J = 1.4 Hz, H2), 6.49 (2H, s, H7), 5.43 (2H, s, H6), 3.90 (6H, m, OCH2), 1.72 (6H, m, CH2), 1.42 (6H, m, CH2), 1.26 (72H, m, CH2), 0.86 (9H, t, 3 J = 6.4 Hz, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  153. 7, 150.2, 149.3, 148.7, 138.6, 136.8, 129.0, 122.9, 121.7, 120.1, 106.9, 73.4, 69.2, 54.9, 32.0, 30.4, 29.8, 29.7, 29.5, 26.4, 26.1, 22.8, 14.2. MS (ESI + ): m/z 979.83 ([M + Na] + , 100%).

5-(1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-yl)-2,2'bipyrimidine (2a).

In a vial filled with argon, 5-ethynyl-2,2'bipyrimidine (27 mg, 0.148 mmol) and 5-(azidomethyl)-1,2,3trimethoxybenzene (65 mg, 0.291 mmol) were dissolved in CH2Cl2 (1.6 mL). In another vial filled with argon, copper(II) sulfate pentahydrate (19 mg, 0.076 mmol) and sodium Lascorbate (29 mg, 0.146 mmol) were dissolved in deionized water (1.6 mL), and the resulting aqueous suspension was added to the solution of reactants. The mixture was vigorously stirred at RT over 90 h, then added to a solution of EDTA (87 mg, 0.298 mmol) in aqueous ammonia (2 mL, 7%), and extracted with CH2Cl2 (3 X 50 mL). The organic phase was dried over Na2SO4 and evaporated under reduced pressure. The yellow crude product was chromatographed (alumina, CH2Cl2/CH3OH 100:2) to obtain compound 2a as an off-white solid (32 mg, 53%). Mp = 209 °C (from CH2Cl2). Anal. Calcd. for C20H19N7O3: C, 59.25; N, 24.18; H, 4.72. Found C, 59.09; N, 23.83; H, 4.75. 1 H NMR (CDCl 3 , 500 MHz):  9.42 (2H, s, H3), 9.04 (2H, d, 3 J = 4.9 Hz, H2), 7.95 (1H, s, H4), 7.45 (1H, t, 3 J = 4.9 Hz, H1), 6.58 (2H, s, H6), 5.56 (2H, s, H5), 3.86 (6H, s, CH3), 3.85 (3H, s, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz):  162.2, 161.5, 158.3, 154.9, 154.0, 142.0, 138.7, 129.5, 125.0, 121.7, 121.0, 105.5, 61.1, 56.4, 55.1. MS (ESI + ): m/z 406.16 ([M + H] + , 84%), 428.14 ([M + Na] + , 100%), 833.29 ([2M + Na] + , 16%).

5-(1-(3,4,5-tris(hexadecyl-1-oxy)benzyl)-1H-1,2,3-triazol-4-yl)-2,2'-bipyrimidine (2b).

In a vial filled with argon, 5-ethynyl-2,2'-bipyrimidine (48 mg, 0.263 mmol) and 5-(azidomethyl)-1,2,3-tris(hexadecyl-1-oxy)benzene (199 mg, 0.233 mmol) were dissolved in CH2Cl2 (1 mL). In another vial filled with argon, copper(II) sulfate pentahydrate (29 mg, 0.116 mmol) and sodium L-ascorbate (46 mg, 0.232 mmol) were dissolved in deionized water (1 mL), and the resulting aqueous suspension was added to the solution of reactants. The mixture was vigorously stirred at RT over 110 h, then added to a solution of EDTA (68 mg, 0.233 mmol) in aqueous ammonia (3 mL, 7%), and extracted with CH2Cl2 (3 X 50 mL). The organic phase was dried over Na2SO4 and evaporated under reduced pressure. The yellow crude product was chromatographed (silica, CH2Cl2/CH3OH 100:2), and then recrystallized in CH2Cl2/CH3OH to obtain compound 2b as an off-white solid (121 mg, 50%). Mp = 112 °C (from CH2Cl2). Anal. Calcd. for C65H109N7O3: C, 75.31; N, 9.46; H, 10.60. Found C, 74.82; N, 9.34; H, 10.30. 1 H NMR (CDCl3, 500 MHz):  9.41 (2H, s, H3), 9.03 (2H, d, 3 J = 4.8 Hz, H2), 7.91 (1H, s, H4), 7.44 (1H, t, 3 J = 4.8 Hz, H1), 6.53 (2H, s, H6), 5.50 (2H, s, H5), 3.94 (6H, t, 3 J = 6.4 Hz, OCH2), 1.81-1.69 (6H, m, CH2), 1.50-1.40 (6H, m, CH2), 1.36-1.20 (72H, m, CH2), 0.87 (9H, t, 3 J = 7.0 Hz, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  162. 2, 161.5, 158.3, 154.8, 153.9, 141.9, 139.0, 128.9, 125.0, 121.7, 120.9, 107.0, 73.7, 69.5, 55.1, 32.1, 30.5, 29.9, 29.8, 29.7, 29.6, 29.5, 26.3, 26.2, 22.8, 14.3. MS (ESI + ; addition of formic acid): m/z 1036.86 ([M + H + ], 100%), 1058.85 ([M + Na] + , 18%), 2095.70 ([2M + Na] + , 3%). 5,5'-bis(1-(3,4,5-trimethoxybenzyl)-1H-1,2,3-triazol-4-yl)-2,2'bipyrimidine (3a). In a vial filled with argon, 5,5'-diethynyl-2,2'-bipyrimidine (133 mg, 0.645 mmol) and 5-(azidomethyl)-1,2,3-trimethoxybenzene (433 mg, 1.94 mmol) were dissolved in CH2Cl2 (2.6 mL). In another vial filled with argon, copper(II) sulfate pentahydrate (161 mg, 0.645 mmol) and sodium Lascorbate (128 mg, 0.646 mmol) were dissolved in deionized water (2.6 mL), and the resulting aqueous suspension was added to the solution of reactants. The mixture was vigorously stirred at RT over 24 h, then added to a solution of EDTA (5 g, 17 mmol) in aqueous ammonia (40 mL, 7%), and extracted with CH2Cl2 (3 X 100 mL). The organic phase was dried over Na2SO4 and evaporated under reduced pressure, yielding a yellow crude product. A second crop was collected by evaporating to dryness the stable emulsion remaining throughout the CH2Cl2/H2O extraction, and extracting the residue with 100 mL CH2Cl2. The crude products were gathered and chromatographed (alumina, CH2Cl2/CH3OH 100:2) to obtain compound 3a as an off-white solid (208 mg, 49%). Mp > 298 °C (dec.; from CH2Cl2). Anal. Calcd. for C32H32N10O6: C, 58.89; N, 21.46; H, 4.94. Found C, 58.33; N, 21.20; H, 4.92. 1 H NMR (CDCl3, 500 MHz):  9.43 (4H, s, H1), 7.95 (2H, s, H2), 6.58 (4H, s, H4), 5.56 (4H, s, H3), 3.86 (12H, s, CH 3 ), 3.85 (6H, s, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz):  161.2, 154. 9, 154.0, 142.0, 138.7, 129.5, 124.9, 121.0, 105.6, 61.1, 56.4, 55.1 MS (ESI + ): m/z 653.26 ([M + H] + , 100%), 1305.50 ([2M + H] + , 4%). 5,5'-bis(1-(3,4,5-tris(hexadecyl-1-oxy)benzyl)-1H-1,2,3-triazol-4-yl)-2,2'-bipyrimidine (3b). In a vial filled with argon, 5,5'diethynyl-2,2'-bipyrimidine (48 mg, 0.233 mmol) and 5-(azidomethyl)-1,2,3-tris(hexadecyl-1-oxy)benzene (580 mg, 0.679 mmol) were dissolved in CH2Cl2 (2.2 mL). In another vial filled with argon, copper(II) sulfate pentahydrate (28 mg, 0.112 mmol) and sodium L-ascorbate (45 mg, 0.227 mmol) were dissolved in deionized water (1 mL), and the resulting aqueous suspension was added to the solution of reactants. The mixture was vigorously stirred at RT over 90 h, then added to a solution of EDTA (133 mg, 0.455 mmol) in aqueous ammonia (10 mL, 7%), and extracted with CH2Cl2 (3 X 100). The organic phase was dried over Na2SO4 and evaporated under reduced pressure. The yellow crude product was chromatographed (alumina, CH2Cl2/CH3OH 100:1), and then recrystallized in CHCl3/CH3OH to obtain compound 3b as an off-white solid (267 mg, 60%). Mp = 163 °C. Anal. Calcd. for C122H212N10O6: C, 76.52; N, 7.31; H, 11.16. Found C, 76.39; N, 7.73; H, 11.07. 1 H NMR (CDCl3, 500 MHz):  9.42 (4H, s, H1), 7.91 (2H, s, H2), 6.53 (4H, s, H4), 5.50 (4H, s, H3), 3.94 (12H,t,3 J = 6.3 Hz,OCH2),m,CH2),m,CH2),m,CH2), 0.87 (18H, t, 3 J = 6.9 Hz, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  161. 2, 154.8, 153.9, 141.9, 138.9, 128.9, 125.0, 120.9, 107.0, 73.6, 69.5, 55.1, 32.1, 30.5, 29.9, 29.8, 29.7, 29.6, 29.5, 26.3, 26.2, 22.8, 14.3 4)2(HO i Pr)2] (10 mg, 11.9 mol) in CHCl3 (1 mL) was added ligand 1a (1 equiv.). Diethyl ether vapours were allowed to slowly diffuse into the solution. This led after several days to orange crystals of [Ti(1a)(4)2] that were collected by filtration (yield 52%). Mp = 290 °C (dec.). Some of the crystals were suitable for X-ray diffraction analysis. 1 H NMR (CD2Cl2, 500 MHz), selected signals:  8.17 (1H, m, H1), 7.51 (2H, m), 7.44 (3H, m), 7.28 (4H, m), 7.24 (1H, dd, 3 J = 7.95 Hz, 4 J = 1.8 Hz), 7.18 (1H, dd, 3 J = 7.95 Hz, 4 J = 1.8 Hz), 7.12 (1H, dd, 3 J = 7.95 Hz, 4 J = 1.8 Hz), 7.10-6.95 (9H, complex), 6.92 (2H, complex), 6.82 (1H, s, H5), 6.80-6.58 (12H, complex), 6.55 (2H, s, H7), 5.19 (1H, d, 2 J = 15 Hz, H6), 4.92 (1H, d, 2 J = 15 Hz, H6), 3.92 (6H, s, OMe), 3.85 (3H, s, OMe). 13 C{ 1 H} NMR (CD2Cl2, 125 MHz):  160. 9, 160.8, 160.2, 160.2, 154.1, 149.1, 144.3, 143.4, 139.7, 139.5, 139.3, 139.0, 132.1, 131.8, 131.5, 131.4, 130.1, 129.9, 129.8, 129.8, 129.8, 129.8, 129.6, 129.4, 129.0, 128.9, 128.8, 128.7, 128.6, 128.5, 127.9, 127.7, 127.5, 127.4, 126.5, 126.4, 125.9, 125.8, 125.8, 125.7, 124.5, 123.3, 121.8, 121.7, 120.4, 119.8, 119.3, 119.2, 106.9, 60.6, 56.4, 55.6 4)2(HO i Pr)2] (10 mg, 11.9 mol) in dry CH2Cl2 (1 mL) was added ligand 1b (1 equiv.). After stirring for 10 minutes at RT, CH2Cl2 was evaporated under reduced pressure and the resulting orange solid was dissolved in n-heptane. The organic solution was filtered and evaporated under reduced pressure to afford [Ti(1b)(4)2] as an orange solid that was collected by filtration (yield 31%). Mp = 42 °C. Anal. Calcd. for C110H140N4O7Ti•1/3CH2Cl2: C, 77.66; N, 3.28; H, 8.31. Found C, 77.51; N, 3.22; H, 8.28. 1 H NMR (CDCl3, 500 MHz):  8.17 (1H, d, 3 J = 5.1 Hz), 7. m),m),m),m),m),6.64 (1H,s),m),6.47 (2H,s),5.81 (1H,s),5.17 (1H,d,2 J = 14.8 Hz),4.83 (1H,d,2 J = 14.8 Hz),m),m),m),m),m). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  53. 9, 153.6, 149.7, 149.4, 138.5, 137.5, 137.0, 131.1, 130.7, 130.0, 129.8, 129.6, 129.5, 129.4, 128.8, 127.7, 127.3, 126.3, 125.8, 125.0, 122.9, 121.8, 121.4, 120.3, 73.5, 69.7, 69.2, 64.5, 54.8, 31.9, 29.8, 29.7, 29.5, 29.4, 26.1, 25.4, 22.8, 14.2. 13 C CP-MAS (75.5 MHz):  161. 2, 154.2, 148.7, 143.4, 138.7, 129.1, 106.5, 72.3, 69.2, 54.4, 30.5, 23.1, 14.4. MS (ESI + ): m/z 1700.99 ([M + Na] + , 100%). [Ti2(1a)2(5)2]. In a sealed vial, compound 1a (5.45 mg, 0.016 mmol) and compound 5-H4 (10 mg, 1 equiv.) were dissolved in dry toluene (1.5 mL) under argon. Then [Ti(O i Pr)4] (5 L, 1 equiv.) was added, leading to an orange solution. The mixture was heated at 100 °C; after 2 days, a few single crystals of [Ti2(1a)2( 5)2] suitable for X-ray analysis were observed in the medium. 1 H NMR (CDCl3, 500 MHz), selected data:  8.37 (4H, s), 7.62 (2H, d, 3 J = 5 Hz), 7.54 (5H, m), 7.39 (4H, d, 3 J = 7.5 Hz), 7.35 (2H, dd, 3 J = 7.5 Hz, 4 J = 1 Hz), 7.23 (10 H, complex,), 7.17 (10H, complex,), 7.05 (2H, d, 3 J = 8.5 Hz), 6.67 (2H, bs,), 6.64 (2H, dd, 3 J = 7.5 Hz, 4 J = 1 Hz), 6.59 (s, 4H), 5.73 (s, 4H), 4.74 (d, 2 [Ti(2a)(4)2]. Under Ar protection (glovebag), ligand 2a (10.0 mg, 24.7 mol) was added to a solution in a vial of cis-[Ti(4)2(HO i Pr)2] (20.7 mg, 24.6 mol) in CH2Cl2 (0.6 mL). After stirring for 5 minutes at RT, a layer of pentane was added and allowed to slowly diffuse into the solution. This led after several days to orange crystals of [Ti(2a)(4)2] that were collected by filtration (20 mg, 72%). Single crystals suitable for X-ray analysis were obtained from a CHCl3 solution of [Ti(4) 2 (HO i Pr) 2 ] instead of a CH 2 Cl 2 solution. Mp = 275 °C (dec.). Anal. Calcd. for C68H51N7O7Ti•½CH2Cl2: C, 70.41; N, 8.39; H, 4.49. Found C, 70.53; N, 7.94; H, 4.56. 1 H NMR (CDCl3, 500 MHz):  9.32 (1H, 4 J = 2.5 Hz, H2), 8.69 (1H, dd, 3 J = 4.7 Hz, 4 J = 2.3 Hz, H8), 8.55 (1H, d, 4 J = 2.6 Hz, H1), 8.52 (1H, dd, 3 J = 5.3 Hz, 4 J = 2.3 Hz, H6), 7.53 (1H, s, H3), 7.51-7.22 (8H, m, Harom), 7. 16-6.96 (9H, m, Harom), 6.94-6.89 (3H, m, Harom), 6.87 (1H, t, 3 J = 5.1 Hz, H7), 6.84-6.59 (11H, m, Harom), 6.58 (2H, s, H5), 6.22 (1H, t, 3 J = 7.6 Hz, Harom), 5.58 (1H, d, 2 J = 14.6 Hz, H4), 5.44 (1H, d, 2 J = 14.6 Hz, H4), 3.88 (3H, s, CH3), 3.87 (6H, s, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz):  160. 7, 160.6, 160.4, 160.1, 159.9, 157.6, 156.5, 156.4, 156.3, 154.1, 152.0, 140.5, 138.9, 138.7, 138.5, 138.4, 138.2, 132.0, 131.7, 131.3, 130.9, 130.0 (2 signals), 129.9, 129.7, 129.6 (2 signals), 129.5 (3 signals), 129.4, 129.3, 129.2, 129.1 (2 signals), 129.0, 128.5, 128.2, 127.7, 127.6, 127.4, 127.2, 126.4, 126.3, 126.2, 125.2, 125.1, 122.6, 122.4, 122.3, 121.3, 120.0, 119.7, 105.8, 61.2, 56.7, 55 16) Å, c = 18.0577(7) Å; V = 13455.9(11) Å 3 ; Z = 8; Dcalcd.= 1.230 g cm -3 ; reflections collected: 18797; Rint = 0.0871; R1(F) (I  2(I)) = 0.1013, wR2(F 2 ) (all data) = 0.3424; GOF(F 2 ) = 1.132. CCDC number 1880954.

[Ti(2b)(4)2]. Under Ar protection (glovebag), ligand 2b (28.4 mg, 27.4 mol) was added to a solution in a vial of cis-[Ti(4)2(HO i Pr)2] (23.0 mg, 27.4 mol) in CH2Cl2 (0.7 mL). After stirring for 5 minutes at RT, a layer of pentane was added and allowed to slowly diffuse into the solution. This led after several days to an orange precipitate that was collected by removing the supernatant solution. The crude product was purified by column chromatography (alumina, CH2Cl2), and then recrystallized in CH2Cl2/pentane, yielding [Ti(2b)(4)2] as an orange powder (35 mg, 73%). Mp = 160 °C. Anal. Calcd. for C113H141N7O7Ti•½CH2Cl2: C, 75.75; N, 7.95; H, 5.45. Found C, 76.00; N, 7.90; H, 5.49. 1 H NMR (CDCl3, 500 MHz):  9.31 (1H, d, 4 J = 2.6 Hz, H2), 8.69 (1H, dd, 3 J = 4.7 Hz, 4 J = 2.3 Hz, H8), 8.54 (1H, d, 4 J = 2.6 Hz, H1), 8.51 (1H, dd, 3 J = 5.3 Hz, 4 J = 2.3 Hz, H6), 7.51 (1H, s, H3), 7. 54-7.38 (4H, m, Harom), 7.35-7.20 (4H, m, Harom), 7.14-6.89 (12H, m, Harom), 6.87 (1H, t, 3 J = 5.1 Hz, H7), 6.82-6.57 (11H, m, Harom), 6.53 (2H, s, H5), 6.20 (1H, t, 3 J = 7.6 Hz, Harom), 5.56 (1H, d, 2 J = 14.6 Hz, H4), 5.38 (1H, d, 2 J = 14.6 Hz, H4), 3.96 (6H, m, OCH2), 1.85-1.70 (6H, m, CH2), 1.52-1.40 (6H, m, CH2), 1.40-1.15 (72H, m, CH2), 0.87 (9H, m, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  160. 6, 160.5, 160.3, 160.0, 159.8, 157.5, 156.4, 156.3, 156.2, 154.0, 151.9, 140.4, 139.0, 138.7, 138.4, 138.3, 138.1, 131.9, 131.6, 131.1, 130.9, 129.9, 129.8, 129.6, 129.5, 129.4, 129.3, 129.2, 129.1, 129.0, 128.9, 128.8, 128.4, 128.1, 127.6, 127.3, 127.1, 126.2, 126.1, 125.2, 122.4, 122.3, 121.2, 119.8, 119.7, 107.0, 73.7, 69.5, 55.1, 32.1, 30.5, 29.9, 29.8, 29.7, 29.6, 29.5, 26.3, 26.2, 22.8, 14.3. MS (ESI + ; addition of formic acid): m/z 1758.06 ([M + H + ], 100%), 1780.03 ([M + Na] + , 15%), 1796.01 ([M + K] + , 72%).

[Ti(3a)(4)2]. Under Ar protection (glovebag), ligand 3a (25.6 mg, 39.3 mol) was added to a solution in a vial of cis-[Ti(4)2(HO i Pr)2] (33.0 mg, 39.3 mol) in CH2Cl2 (1 mL). After stirring for 5 minutes at RT, a layer of pentane was added and allowed to slowly diffuse into the solution. This led after several days to orange crystals of [Ti(3a)(4)2] that were collected by filtration (34 mg, 63%). Mp = 305 °C (dec.). Some of the crystals were suitable for X-ray diffraction analysis. Anal. Calcd. for C80H64N10O10Ti•½CH2Cl2: C,68.29;N,9.89;H,4.63. Found C,68.38;N,9.86;H,4.71. 1 H NMR (CDCl3, 500 MHz):  9.30 (2H, d, 4 J = 2.6 Hz, H2), 8.54 (2H, d, 4 J = 2.6 Hz, H1), 7.52 (2H, s, H3), 7.46 (4H, m, Harom), 7.31 (2H, dd, 3 J = 7.6 Hz, 4 J = 1.7 Hz, Harom), 7.23 (2H, dd, 3 J = 7.7 Hz, 4 J = 1.7 Hz, Harom), 7.08 (2H, t, 3 J = 7.6 Hz, Harom), 7. m,Harom),6.88 (2H,dd,3 J = 7.6 Hz,4 J = 1.6 Hz,Harom),6.86 (4H,m,Harom),6.69 (4H,m,Harom), 6.66 (2H, dd, 3 J = 7.6 Hz, 4 J = 1.7 Hz, Harom), 6.64 (2H, m, Harom), 6.57 (4H, s, H5), 6.23 (2H, t, 3 J = 7.6 Hz, Harom), 5.57 (2H, d, 2 J = 14.6 Hz, H4), 5.44 (2H, d, 2 J = 14.6 Hz, H4), 3.87 (6H, s, CH3), 3.86 (12H, s, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz):  160. 5, 160.3, 156.4, 156.2, 154.1, 152.0, 140.4, 138.9, 138.3, 138.0, 131.4, 131.0, 129.9, 129.8, 129.4 (2 signals), 129.3 (2 signals), 129.2, 128.9, 128.3, 127.6, 127.2, 126.4, 126.3, 124.9, 122.4, 122.1, 119.8, 105.7, 61.1, 56.5, 55. 4)2(HO i Pr)2] (30.0 mg, 35.7 mol) in CH2Cl2 (0.9 mL). After stirring for 5 minutes at RT, a layer of pentane was added and allowed to slowly diffuse into the solution. This led after several days to [Ti(3b)(4)2] as an orange powder that was collected by removing the supernatant solution (84 mg, 89%). Mp = 116 °C. Anal. Calcd. for C170H244N10O10Ti: C, 77.47; N,5.31;H,9.33. Found C,76.97;N,5.54;H,9.21. 1 H NMR (CDCl3, 500 MHz):  9.29 (2H, d, 4 J = 2.6 Hz, H2), 8.53 (2H, d, 4 J = 2.6 Hz, H1), 7.50 (2H, s, H3), 7.46 (4H, m, Harom), 7.30 (2H, dd, 3 J = 7.7 Hz, 4 J = 1.8 Hz, Harom), 7.21 (2H, dd, 3 J = 7.7 Hz, 4 J = 1.7 Hz, Harom), 7.06 (2H, t, 3 J = 7.6 Hz, Harom), 7.05-6.97 (6H, m, Harom), 6.89 (2H, dd, 3 J = 7.7 Hz, 4 J = 1.7 Hz, Harom), 6.85 (4H, m, Harom), 6.68 (4H, m, Harom), 6.64 (2H, dd, 3 J = 7.5 Hz, 4 J = 1.6 Hz, Harom), 6.62 (2H, m, Harom), 6.53 (4H, s, H5), 6.21 (2H, t, 3 J = 7.6 Hz, Harom), 5.54 (2H, d, 2 J = 14.6 Hz, H4), 5.39 (2H, d, 2 J = 14.6 Hz, H4), 3.95 (12H, m, OCH2), 1.85-1.70 (12H, m, CH2), 1.52-1.40 (12H, m, CH2), 1.40-1.15 (144H, m, CH2), 0.87 (18H, m, CH3). 13 C{ 1 H} NMR (CDCl3, 125 MHz), selected data:  160. 5, 160.2, 156.4, 156.1, 154.0, 151.9, 140.4, 139.0, 138.4, 138.0, 131.4, 131.0, 129.9, 129.8, 129.5, 129.4, 129.3, 129.1, 128.9, 128.8, 128.3, 127.6, 127.2, 126.4, 126.2, 125.0, 122.4, 122.2, 119.8, 107.0, 73.7, 69.5, 55.1, 32.1, 30.5, 29.9, 29.8, 29.7, 29.6, 29.5, 26.3, 26.2, 22.9, 14.3. MS (MALDI): m/z 720.18 ([M -3b] + , 21%), 1914.56 ([3b] + , 100%), 2635.88 ([M] + , 5%). X-ray crystallography. The X-ray diffraction data were collected at 173 K on a Bruker Smart CCD diffractometer with Mo-Kα radiation (λ = 0.71073 Å). The structures were solved and refined using the Bruker SHELXTL Software Package using SHELXS-97 (Sheldrick, 2014) and refined by full matrix leastsquares on F2 using SHELXL-97 (Sheldrick, 2014) with anisotropic thermal parameters for all non-hydrogen atoms. 28 The hydrogen atoms were introduced at calculated positions and not refined (riding model). For the structures of compounds [Ti2(1a)2( 5)2] and [Ti(2a)(4)2], we used the squeeze command because the solvents could not be identified. Small and wide-angle X-ray scattering (SWAXS). The patterns were obtained with a transmission Guinier-like geometry. A linear focalized monochromatic Cu Kα1 beam (λ = 1.5405 Å) was obtained using a sealed-tube generator (600 W) equipped with a bent quartz monochromator. The crude powder was filled in Lindemann capillaries of 1 mm diameter and 10 μm wall-thickness. The diffraction patterns were recorded with a curved Inel CPS120 counter gas-filled detector and on image plates scanned by Amersham Typhoon IP with 25 µm resolution. The sample temperature was controlled within ±0.01 °C, and exposure times were of 1 to 6 h. Differential scanning calorimetry (DSC). The transition temperatures and enthalpies were measured with a TA Instruments DSC Q1000 instrument operated at a scanning rate of 5 °C min -1 on heating and on cooling. Polarizing optical microscopy (POM). Optical textures were observed with a Leitz Orthoplan polarizing microscopy equipped with a Mettler FP82 hot stage and a FP80 unit.

Scheme 1

 1 Scheme 1 Synthesis of triazolylpyridine ligands 1a,b. Reagents and conditions: Naascorbate, CuSO4, CH2Cl2/H2O, RT.

Fig. 1

 1 Fig. 1 Solid-state molecular structure of [Ti(1a)(4)2]. Ti atoms are in green, C atoms in grey, O atoms in red, N atoms in blue. Hydrogen atoms are omitted for clarity.

Fig. 2 Fig. 3

 23 Fig. 2 Solid-state molecular structure of [Ti(2a)(4)2]. Ti atoms are in green, C atoms in grey, O atoms in red, N atoms in blue. Hydrogen atoms and solvents are omitted for clarity.

Fig. 4

 4 Fig. 4 Association of monomers of [Ti(3a)(4)2] within the unit cell in the crystal structure. Ti atoms are in green, C atoms in grey, O atoms in red, N atoms in blue. The solvents and the phenyl groups of ligand 4 are omitted for clarity.

Fig. 5

 5 Fig. 5 Section of the 1 H-1 H ROESY spectrum of compound Ti(3a)(4)2. The signals at 7.52, 8.54 and 9.30 ppm are respectively assigned to H3, to H1 and to H2 (see Chart 1 for the numbering of the protons).

Fig. 6

 6 Fig. 6 Solid-state molecular structures of [Ti2(1a)2(5)2]. Ti atoms are in green, C atoms in grey, O atoms in red, N atoms in blue. Hydrogen atoms and solvents are omitted for clarity

Fig. 7

 7 Fig. 7 Top: ESI + mass spectrum of the solution after heating of a mixture of [Ti(O i Pr)4], 5-H4 and 1a in toluene at 100°C in toluene for two days and zoom on the molecular peak at m/z = 1960.54 (calcd for [Ti2(1a)2(5)2Na] + , m/z = 1960.53) compared to a simulated isotopic profile. Bottom: ESI + mass spectrum of the precipitate collected after heating of a mixture of [Ti(O i Pr)4], 5-H4 and 1a in toluene at 100°C in toluene for six days and zoom on the molecular peak m/z = 1475.89 (calcd for [Ti3(1a)3(5)3Na2] 2+ , m/z = 1475.90) compared to a simulated isotopic profile.

Fig. 8

 8 Fig. 8 DOSY 1 H NMR spectrum in CD2Cl2 of the precipitate collected after heating of a mixture of [Ti(O i Pr)4], 5-H4 and 1a in toluene at 100°C in toluene (600 MHz).

Table 2

 2 Parameters of the crystalline structures formed by titanium(IV) complexes obtained from methoxy substituted ligands. a Cell parameters Self-assembly parameters [Ti(1a)(4)2], T = 173 K, monoclinic P21/c, lamellar a = 19.0876, b = 19.9757 c = 13.5022,  = 96.841 V = 5111.6 (Z = 4) a2D = 19.9757, b2D = 13.5022 2D = 90, A = 269.72 (Z2D = 2) d = 18.952 (NL = 2), Amol = 134.86 [Ti(2a)(4)2], T = 173 K, orthorhombic Pccn, lamellar a = 23.6828, b = 31.4643 c = 18.0578 V = 13455.9 (Z = 8) a2D = 31.4643, b2D =18.0578 2D = 90, A = 568.18(Z2D = 4) d = 11.841 (NL = 1), Amol = 142.04 [Ti(3a)(4)2], T = 173 K, monoclinic C2/c, lamellar a = 18.6632, b = 18.1926 c = 23.9583,  = 97.222 V = 8070.1 (Z = 4) a2D = 23.9583, b2D =18.6632  2D = 97.222, A = 443.59 (Z 2D = 2) d = 9.096 (N L = 1), A mol = 221.80 D rib = 18.515, D row = 11.979 [Ti2(1a)2(5)2], T = 173 K, triclinic P-1, columnar a = 10.2860, b = 22.1422 c = 24.4996,  = 93.915  = 95.999,  = 97.167 V = 5487.3 (Z = 2) a2D = 24.4996, b2D =22.1422 2D = 93.915, A = 541.21 (Z2D = 2) Scol = 270.60 (Nmol = 1), hmol = 10.139 h = 10.286,  = 9.70 a a, b ,c , , , , V, Z: cell parameters (Å, °), molecular volume (Å 3 ) and number of molecules per cell; a2D, b2D, 2D, A, Z2D: lattice parameters (Å, °), lattice area (Å 2 ) and number of molecules per lattice in the lamellar or the columnar plane; d, NL: lamellar periodicity (Å) and number of molecular layers per lamella; Amol = (V/Z)/d: molecular area i.e. layer area covered by a single molecule; Drib = b2D×sin(2D-/2): ribbon periodicity i.e. spacing of rows (Å); Drow = a2D/2: molecular spacing along rows; Scol = (A/Z2D)×Nmol, Nmol: columnar cross-sectional surface (Å 2 ) and number of molecules per cross-section; hmol = (V/Z)/(Scol/Nmol): molecular slice thickness perpendicularly to columnar plane (Å); h = a: piling periodicity along columnar axis (Å);  = arccos(hmol/h): tilt angle of molecular piling (°).

Fig. 10

 10 Fig. 10 Views of the single-crystal structure of Ti2(1a)2(5)2] complex using Mercury software. Top: molecule viewed along axis and from side of columns (top and side views); bottom left: oblique lattice formed by the arrangement of columns with inverted molecule orientations; middle right: side view of a row of columns; bottom right: view along column rows (rows in the background are drawn in black). hmol is the molecular slice thickness perpendicularly to columnar plane i.e. the spacing of molecular planes.

Fig. 11

 11 Fig. 11 Left: DSC curves of ligand 3b on second heating and cooling (5°C/min, endotherm up) showing two liquid-crystal phases (Colhex1 and Colhex2) between crystal (Cr) and isotropic liquid (Iso); Cr to Colhex1 transition, Tonset = 47°C, Tmax = 48°C, H = 45 J g -1 = 86 kJ mol -1 ; Colhex1 to Colhex2 transition, Tonset = 130°C, Tmax = 132°C, H = 1.0 J g -1 =1.9 kJ mol -1 ; Colhex2 to Iso transition, Tonset = 162°C, Tmax = 163°C, H = 6.2 J g -1 = 12 kJ mol -1 . Right: polarizing optical microscopy (POM) textures at 140°C (top) and 100°C (bottom) displaying developable domains characteristic of orthogonal and tilted columnar liquid-crystalline phases, respectively. Additional POM textures (Fig.S1) and small and wide-angle X-ray scattering (SWAXS) patterns (Fig.S2) confirmed identification of Colhex1 and Colhex2 as tilted and orthogonal hexagonal columnar liquid crystals.

Fig. 12

 12 Fig. 12 DSC curves of [Ti(1-3b)(4)2] complexes on second heating ([Ti(1b)(4)2] and [Ti(2b)(4)2]), first heating ([Ti(3b)(4)2]) and cooling (5°C/min, endotherm up). Only previously reported [Ti(2b)(4)2] presents a mesophase between crystal (Cr) and isotropic liquid (Iso), which is named Smrec as it is smectic-like with a rectangular inplane arrangement.20 [Ti(1b)(4)2] is partly crystallized and melts close to RT. [Ti(3b)(4)2] crosses a crystal-crystal (Cr1-Cr2) transformation prior to melting to Iso, the liquid freezing to glassy state (G) on cooling; the nature of phases was confirmed with SWAXS (Fig.S3). [Ti(1b)(4)2]: Cr to Iso transition: Tonset = 35 °C, Tmax = 42 °C, ΔH = 6.8 J g -1 = 11.4 kJ mol -1 . [Ti(2b)(4)2]: Cr to Smrec transition: Tonset = 70 °C, Tmax = 82 °C, ΔH = 20 J g -1 = 35 kJ mol -1 ; Smrec to Iso transition: Tonset = 152 °C, Tmax = 160 °C, ΔH = 15 J g -1 = 26 kJ mol -1 . [Ti(3b)(4)2]: Cr1 to Cr2 transition: Tonset = 49 °C, Tmax = 70 °C, ΔH = 29 J g -1 = 76 kJ mol -1 ; Cr2 to Iso transition: Tonset = 112 °C, Tmax = 116 °C, ΔH = 18 J g -1 = 47 kJ mol -1 .

  Fig. 12 DSC curves of [Ti(1-3b)(4)2] complexes on second heating ([Ti(1b)(4)2] and [Ti(2b)(4)2]), first heating ([Ti(3b)(4)2]) and cooling (5°C/min, endotherm up). Only previously reported [Ti(2b)(4)2] presents a mesophase between crystal (Cr) and isotropic liquid (Iso), which is named Smrec as it is smectic-like with a rectangular inplane arrangement.20 [Ti(1b)(4)2] is partly crystallized and melts close to RT. [Ti(3b)(4)2] crosses a crystal-crystal (Cr1-Cr2) transformation prior to melting to Iso, the liquid freezing to glassy state (G) on cooling; the nature of phases was confirmed with SWAXS (Fig.S3). [Ti(1b)(4)2]: Cr to Iso transition: Tonset = 35 °C, Tmax = 42 °C, ΔH = 6.8 J g -1 = 11.4 kJ mol -1 . [Ti(2b)(4)2]: Cr to Smrec transition: Tonset = 70 °C, Tmax = 82 °C, ΔH = 20 J g -1 = 35 kJ mol -1 ; Smrec to Iso transition: Tonset = 152 °C, Tmax = 160 °C, ΔH = 15 J g -1 = 26 kJ mol -1 . [Ti(3b)(4)2]: Cr1 to Cr2 transition: Tonset = 49 °C, Tmax = 70 °C, ΔH = 29 J g -1 = 76 kJ mol -1 ; Cr2 to Iso transition: Tonset = 112 °C, Tmax = 116 °C, ΔH = 18 J g -1 = 47 kJ mol -1 .

  . MS (ESI + ): m/z 1046.31 ([M + H] + , 100%). Crystallography data: C65H50N4O7Ti; T = 173(2)K; crystal size 0.050 X 0.050 X 0.060 mm; monoclinic; space group P 1 21/c 1; a = 19.0876(5) Å, b = 19.9757(5) Å, c = 13.5022(3) Å;  = 96.8410(13)°; V = 5111.6(2) Å 3 ; Z = 4 ; Dcalcd.= 1.360 g cm -3 ; reflections collected: 130801; Rint = 0.0494; R1(F) (I  2(I)) = 0.0479, wR2(F 2 ) (all data) = 0.1380; GOF(F 2 ) = 1.036. CCDC number 2109007. [Ti(1b)(4) 2 ]. Under Ar protection (glovebag), to a solution in a vial of cis-[Ti(

  J = 15 Hz, 2H), 3.85(d, 2 J = 15 Hz, 2H), 3.65 (s, 6H),3.60 (s, 12H). MS (ESI + ): m/z 1634.40 ([M + Na -1a] + , 78%), 1960.54 ([M + Na] + , 100%). 1 H NMR DOSY (CD2Cl2, 600 MHz): D = 540 ± 10 % m 2 .s -1 . Crystallography data: 2 C118H88N8O14Ti, 3 C7H8; T = 173(2)K; crystal size 0.050 X 0.050 X 0.060 mm; triclinic ; space group P -1; a = 10.2859(6) Å, b = 22.1422(16) Å, c = 24.4996(17) Å;  = 93.9150(10)°,  = 95.999(2)°,  = 97.1670(10)°; V = 5487.2(6) Å 3 ; Z = 1 ; Dcalcd.= 1.256 g cm -3 ; reflections collected: 23568; Rint = 0.0580; R1(F) (I  2(I)) = 0.0829, wR2(F 2 ) (all data) = 0.2382; GOF(F 2 ) = 1.097. CCDC number 2109006. The same reaction mixture is heated for 6 days at 100 °C and the resulting solid is analysed. 1 H NMR DOSY (CD2Cl2, 600 MHz): D = 410 ± 10 % m 2 .s -1 . MS (ESI + ): m/z 1475.89 ([M + 2Na] 2+ ).

  0. MS (ESI + ): m/z 1373.44 ([M + H] + , 100%), 1395.42 ([M + Na] + , 22%). Crystallography data: C80H64N10O10Ti; T = 173(2)K; crystal size 0.060 X 0.060 X 0.070 mm; monoclinic; space group C 1 2/c 1; a = 18.6632(4) Å, b = 18.1926(3) Å, c = 23.9583(5) Å;  = 97.2220(10)°; V = 8070.1(3) Å 3 ; Z = 4 ; Dcalcd.= 1.410 g cm -3 ; reflections collected: 94763; Rint = 0.0317; R1(F) (I  2(I)) = 0.0703, wR2(F 2 ) (all data) = 0.2151; GOF(F 2 ) = 1.040. CCDC number 2109008. [Ti(3b)(4)2]. Under Ar protection (glovebag), ligand 3b (68.3 mg, 35.7 mol) was added to a solution in a vial of cis-[Ti(

Table 1

 1 Chromatography data of titanium(IV) complexes.

	Compound	Phase	CH2Cl2/CH3OH ratio	Rf	Degradation b
			(v:v) a	(TLC)	
	Ti(2a)(4)2	silica alumina	95:5 99.5:0.5	0.78 0.58	yes/1.5% yes/1%
	Ti(2b)(4)2	silica alumina	98.5:1.5 100:0	0.69 0.74	yes/1% no
	Ti(3a)(4)2	silica alumina	95:5 98:2	0.66 0.79	yes/13% c yes/8%
	Ti(3b)(4)2	silica alumina	99:1 100:0	0.54 0.78	no no
	Ti(bpym)(4)2	silica alumina	99:1 100:0	0.50 0.49	yes/<1% no

a Eluent. b After short preparative chromatography; the percentage is related to the molar amount of free nitrogen ligand determined by NMR. c Eluent ratio 98:2.

  .1. MS (ESI + ): m/z 1126.34 ([M + H] + , 100%), 1148.32 ([M + Na] + , 65%).

	Crystallography data: C68H51N7O7Ti, CHCl3; T = 173(2)K; crystal
	size 0.050 X 0.060 X 0.060 mm; orthorhombic; space group
	P c c n; a = 23.6828(12) Å, b = 31.4643(
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