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Dedicated to the memory of Christiane Dietrich-Buchecker, our "phenanthroline

Introduction

2,2'-Bipyridine and 1,10-phenanthroline are well-known chelating ligands widely used in coordination chemistry to build complexes with numerous metal ions. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] Phenanthroline and 2,9-dimethylphenanthroline have been used as analytic tools to detect the presence of iron and copper salts in solution, leading to their respective trivial names of ferroine and cuproine. [START_REF] Smith | [END_REF] Before the 1980's, the functionalized phenanthroline ligands were mainly obtained by using reactions like the Skraup reaction, affording tarry mixtures and tedious purifications. The field of phenanthroline substitution significantly evolved with the seminal paper of C. Dietrich-Buchecker et al. describing the high yield introduction of aryl or alkyl substituents at the 2,9 positions (Figure 1, top). [3] This easy access to hindered ligands led to the preparation of new luminescent copper(I) complexes. [4] In the following decade, the groups of U. Lüning and M. Schmittel prepared even more hindered phenanthrolines, using higher reaction temperatures and longer reaction times. [5] With these extremely hindered phenanthroline ligands, they introduced the HETPHEN concept to prepare heteroleptic copper(I) complexes leading to numerous developments in ligand synthesis, coordination chemistry, and photochemistry studies. [6] To introduce substituents at positions ortho, meta or para to the nitrogen atoms, the use of halogenated phenanthrolines followed by standard C-C coupling reactions also proved effective (see Figure 1, bottom). [7] During the course of other work, we employed the 2-bromo-5-(tert-butyl)-1,3-dimethylbenzene as a starting material to prepare tetraaryl-porphyrins, and this prompted us to investigate the reactivity of the lithio derivative with phenanthroline. [8] A literature survey showed that phenanthroline bearing one or two hindered aryls groups like 4-(tert-butyl)-2,6-dimethylphenyl were only mentioned briefly in a Japanese patent as potential ligands for zinc polymerization catalysts. [9] Having the adequate reagent in our hands, the possibility to introduce two of these hindered aryl groups at the 2,9 positions of the phenanthroline has been investigated. A few different ways of generating the lithio-aryl group were tested and, under given conditions, the expected mono or di-substitutions at the 2 and the 2,9 positions were usually observed. However, upon small changes in the lithio-aryl preparation, a completely unexpected substitution pattern was obtained.

Results and Discussion

The introduction of aryl groups at the 2,9 positions of the phenanthroline ligand is a well-established procedure. For sterically hindered aryl substituents, the reaction temperature, initially set at room temperature for alkyl or aryl groups, needs to be higher than 50 °C to form the substituted phenanthrolines in reasonable yields. In this work, the generation of the lithio-aryl reagent from the 2-bromo-5-(tert-butyl)-1,3-dimethylbenzene was performed according to three well-known methods of lithium- [a] halogen exchange with: i) n-butyl lithium, ii) lithium metal, and iii) tert-butyl lithium. Addition of the lithio-aryl group, obtained from lithium-halogen exchange with n-butyl lithium, to the phenanthroline followed by hydrolysis and reoxidation led to the mono-functionalized phenanthroline 1 in good isolated yields (Scheme 1). The lithium-halogen exchange using lithium metal is historically known to be extremely dependent on the sample of lithium metal used. Yields vary from 0% to quantitative, most probably due to various amounts of residual potassium pollutant from the electrolytic bath. [10] Fortunately, we found some of the "historic lithium metal" chunks originally used by Dietrich-Buchecker and Sauvage, and the lithium halogen exchange followed by reaction with phenanthroline gave satisfactory results. After hydrolysis and oxidation with manganese dioxide, the mono 2-and the di 2,9-functionalized phenanthrolines were isolated and characterized (Scheme 2). In both cases, independent of the method of generating the lithio-aryl intermediate, the yields of compounds 1 and 2 were mostly dependent on the temperature and the heating time. The yields indicated in schemes 2 and 3 were obtained using the reaction conditions given in the experimental section. Finally, the third well-known halogen-lithium exchange reaction with tert-butyl lithium, first described by D. Seebach many years ago, was employed. [11] After addition of two equivalents of tert-butyl lithium in pentane to the bromo-aryl starting compound, the resulting mixture was added to a solution of phenanthroline in toluene. The pentane was distilled off and the resulting solution was heated at 65 °C for 16 h. Hydrolysis followed by oxidation with manganese dioxide gave compound 2 as previously described in 26% yield, but the major product of the reaction was an unexpected compound 3, obtained with a 56% yield (Scheme 3). The reaction was conducted at the gram-scale and, even at a multi-gram scale, compound 3 was always the main product of the reaction. Scheme 3. New substitution pattern on 1,10-phenanthroline ligands.

The 1 H NMR spectrum of 3 shown in Figure 2 displays several characteristic features, including the persistence of one proton on the carbon  to the nitrogen (doublet at 9.12 ppm). Thus, only one position ortho to the nitrogen atoms was substituted and a new singlet integrating for two protons was found at 4.54 ppm. The structure of the compound was confirmed by all spectral data ( 13 C NMR, elemental analysis). Clearly, the substitution pattern using these conditions was new with one aryl group introduced at position 2 and a benzyl group located in position 7. It must be noted that M. Schmittel and coll. described a double functionalization at ortho and para positions, but they occurred on the same pyridine ring (positions 2 and 4). [12] This substitution pattern was obtained in two separate steps, i.e. the addition of the second lithio-aryl group was performed on the already functionalized 2-arylphenanthroline ligand. The authors explained that this unusual substitution occurred because the aryl group used caused an important steric hindrance (aryl = anthracene), leading to 2,4-substitution in addition to the expected 2,9substitution. The obvious source of the benzyl substituent results from deprotonation of toluene by tert-butyl lithium, which acts as a strong base. Previous reports indicate that strong organic bases were able to couple a haloarene and an arene in the presence of heterocycles. [13] The experimental conditions described herein were the only conditions under which we obtained compound 3. The regioselectivity of the substitution at position 7 is still not fully understood. However, as Pr Marc Julia quoted some time ago "il vaut mieux un kilo de produit dans le ballon sans explication qu'un kilo de papier pour expliquer que la réaction espérée ne s'est pas faite!" (translated as: It is better to have a kilogram of product in a round-bottom flask with no explanation than a kilogram of paper explaining why a reaction didn't occur). [14] A reasonable hypothesis is based on the fact that aryl-or alkyllithium reagents are able to adopt many different polynuclear structures. [15] In our case, we can postulate the presence of a lithium cation (or two) within the chelating site of the phenanthroline after the addition of the first aryl group, together with other ligands (Ln) surrounding the cation(s) (see Figure 3). The formation of such an intermediate would preclude the second substitution at position 9 and orient the functionalization to position 7. In this case, the substitution at position 4 cannot be envisaged before the reoxidation step. Despite many attempts, we were unable to grow single crystals of compound 3 suitable for X-ray. Further substitution of the 9 position was still a challenge and the syntheses of other derivatives and complexes was pursued. The addition of phenyl lithium to compounds 1 or 3 afforded two new phenanthroline ligands 4 and 5 with two different aryl groups at positions 2 and 9 around the coordination sites (Scheme 4). The choice of the phenyl group as the second aryl group was dictated by the fact that these ligands have ortho aromatic C-H bonds available for orthometalation. Hence, reaction with palladium(II) chloride afforded in almost quantitative yield the palladium(II) complex 6, obtained after insertion of palladium in one C-H bond of the phenyl substituent (Scheme 5). The groups of Sauvage and Shionoya reported similar complexes some years ago. [16] Scheme 5. Preparation of the palladium complex 6.

The orthometalation was easily demonstrated by spectral data, notably 1 H NMR, where only four protons were observed for the phenyl group. Single crystals suitable for X-ray determination were obtained and the structure was solved (Figure 4). This structure confirmed the substitution pattern of the new phenanthroline ligand 3. The orthometalation led to almost perfect coplanarity between the phenanthroline ligand and the phenyl group. The coordination geometry of the palladium(II) ion is best described as distorted square planar, but the two Pd-N distances are very different (Pd-N1 = 1.975 Å and Pd-N2 = 2.251 Å). The Pd-C1 bond length is 1.985 Å and the fourth coordination site is occupied by a chloride. In the solid state, two molecules are assembled in a headto-tail arrangement by - stacking with an aromatic-aromatic interplane distance close to 3.37 Å. This mode of assembling is due to the extended flat aromatic moiety formed by the phenanthroline ligand and the orthometalated phenyl group.

Phenanthroline ligands substituted at position 2 or at positions 2 and 9 have been widely used to build homoleptic or heteroleptic copper(I) complexes. [12,17] Reaction of ligand 3 with Cu(CH3CN)4PF6 afforded cleanly and in very good yield the homoleptic copper(I) complex 7 (Scheme 6). The complex has sufficient steric hindrance to be air stable. The unsymmetric nature of the phenanthroline ligand creates a stereogenic center at the central copper(I) ion of the tetrahedral complex. This is reflected in the 1 H NMR spectrum, where the two benzylic CH2 protons are now diastereotopic and are found as doublets at 4.41 and 4.63 ppm. The two aryl protons belonging to the 4-(tert-butyl)-2,6-dimethylphenyl substituent are unequivalent and the singlet at 7.13 ppm for ligand 5 is now shifted upfield and split into two broad singlets at 6.27 and 6.43 ppm. The signals of the methyl and tertbutyl substituents are also shifted upfield due to the ring current induced by the other ligand in the complex (Figure S22 in the SI). Scheme 6. Preparation of the homoleptic copper(I) complex 7.

Finally, single crystals of 7 suitable for X-ray were obtained and the structure solved. The complex crystallized in a chiral space group (P21) and the Flack parameter was equal to 0.008(5). One tert-butyl group is disordered over two positions and only one position is represented in Figure 5. The coordination geometry around the central copper(I) ion is a distorted tetrahedral geometry as expected and the Cu-N distances are between 2.004 and 2.098 Å. The aryl group of one ligand is almost parallel to the phenanthroline of the other ligand (interplane distances within 3.6-3.8 Å), explaining the large upfield shifts observed in the 1 H NMR spectrum for all protons belonging to the 4-(tert-butyl)-2,6dimethylphenyl groups. The most remarkable feature of this structure was the observation that this chiral compound crystallizes as a conglomerate of one single enantiomer. Spontaneous resolution of copper(I) phenanthroline complexes is quite rare. J.-P. Sauvage, C. Dietrich-Buchecker and coll. reported one example for a bis-copper(I) complex inside their famous trefoil knot. [18] Other examples of enantiomerically pure copper(I) containing trefoil knots of this type were prepared by resolution with chiral anions. [19] A few simpler enantiomerically pure or enriched copper(I) phenanthroline complexes were also studied by NMR or by X-ray crystallography. [20] The use of large chiral anions for these copper(I) cations was again the method of choice to obtain optically pure complexes. It should be emphasized that in the case described in this article, the copper(I) complex 7 exists in an enantiomerically pure form only in the solid state. In solution, ligand dissociation occurs and the complex racemizes rapidly. This rapid exchange of ligand in solution was described earlier for several copper(I) complexes. [20a, 21] 

Conclusions

Both symmetrical and unsymmetrical sterically hindered phenanthroline derivatives have been prepared. The steric hindrance allows the introduction of either two identical 4-(tertbutyl)-2,6-dimethylphenyl substituents in 2,9 positions, or one phenyl and one 4-(tert-butyl)-2,6-dimethylphenyl substituent in respectively the 2 and 9 positions. The latter derivatives exhibited orthometallation when complexed to Pd. Serendipity led to a new substitution pattern upon nucleophilic attack of aryl-lithium reagents on 1,10-phenanthroline when toluene was used as a solvent for the nucleophilic substitution. The resulting 7-benzyl-2-(4-(tert-butyl)-2,6-dimethylphenyl)-1,10-phenanthroline ligand forms a chiral copper(I) complex that was characterized by X-ray diffraction as a conglomerate of a single enantiomer in the crystalline form. Further investigation of other complexes using these new phenanthroline based ligands is ongoing in our group.

Experimental Section

General information. Most of the experiments were carried out in standard glassware under inert argon atmosphere. Dichloromethane was distilled from calcium hydride, THF and toluene from sodium/benzophenone ketyl. Chromatographic separations were performed using silica gel (Merck 40-63 m). 1 H and 13 C NMR were recorded on a Bruker Avance 500 equipped with a cryoprobe. UV-Visible spectra were obtained on a CARY 5000 UV/vis/NIR double-beam spectrometer in dichloromethane. ESI-MS were collected on a Bruker MicroTOF instrument in positive ionisation mode. Elemental analyses were performed by the "Service d'Analyses de l'Institut de Chimie de Strasbourg". X-ray data were collected on a Bruker Photon III diffractometer. -butyl)-2,6-dimethylphenyl)-1,10-phenanthroline (1) and2,9bis(4-(tert-butyl)-2,6-dimethylphenyl)-1,10-phenanthroline (2). Under argon and at 0 °C, a solution of 2-bromo-5-(tert-butyl)-1,3dimethylbenzene (12.2 g, 50.6 mmol) in dry diethyl ether (115 mL) was added dropwise to a mixture of lithium (1.58 g, 0.23 mmol, old sample, see text) in dry diethyl ether (70 mL). The resulting grey solution was stirred for 16 h at r.t. A solution of 1,10-phenanthroline (2.14 g, 11.9 mmol) dissolved in dry toluene (100 mL) was slowly added and the solution was refluxed for 4 h and then stirred at r.t. for 16 h. Water (100 mL) was added and the layers were separated. The aqueous layer was extracted with dichloromethane. The combined organic layers were partially evaporated to eliminate ether and MnO2 (60 g) was added. After 4 h, MgSO4 was added and the suspension stirred for 2 h. The mixture was filtered and the solvent was evaporated, rendering a brown viscous oil which was purified by column chromatography (silica gel, from cyclohexane/dichloromethane 1/1 to 1% methanol in dichloromethane) to afford 1 (1.61 g, 4.73 mmol, 40%) and 2 (1.18 g, 2.36 mmol, 20 %). 1 m.p. 146 °C. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 9. 19 (dd, J = 4.4, 1.8 Hz, 1H, H9), 8.29 (d, J = 8.0 Hz, 1H, H4), 8.25 (dd, J = 8.1, 1.8 Hz, 1H, H7), 7.85 and 7.81 (2d, 2H, J = 9.5 Hz, H5 and H6), 7.62 (d, J = 8.0 Hz, 1H, H3), 7.61 (dd, J = 4.4, 8.1 Hz , 1H, H8), 7.13 (s, 2H, HAr), 2.11 (s, 6H, HMe), 1.35 (s, 9H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 160. 9, 150.7, 150.42 (CH), 146.5, 146.4, 138.5, 136.1 (CH), 135.9 (CH), 135.6, 128.9, 127.0, 126.5 (CH), 126.2 (CH), 124.7 (CH), 124.5 (CH), 122.8 (CH), 34.4 (CH3), 31.4, 20.8 (CH3). Anal. calcd for C24H24N2: C, 70.59; H, 6.16; N, 6.59. Found: C, 70.29; H, 6.04; N, 6.63. 2 m.p. 129 °C. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 8.28 (d, J = 8.2 Hz, 2H, H4 and H7), 7.85 (s, 2H, H5 and H6), 7.61 (d, J = 8.2 Hz, 2H, H3 and H8), 7.11 (s, 4H, HAr), 2.17 (s, 12H, HMe), 1.32 (s, 18H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 160. 2, 150.7, 146.3, 138.2, 135.9, 135.7 (CH), 127.1, 126.2 (CH), 124.9 (CH), 124.8 (CH), 34.37, 31.4 (CH3), 21.0 (CH3). Anal. calcd for C36H40N2: C, 86.35; H, 8.05; N, 5.59. A tiny amount of residual water was always present in the samples, giving very close, but not exact analyses (> 0.4%). HRMS ESI: calcd for C36H41N2 (M + H + ) 501.3264; obsd 501.3235.

2-(4-(tert

7-benzyl-2-(4-(tert-butyl)-2,6-dimethylphenyl)-1,10-phenanthroline (3).

Under argon and at -78 °C, tBuLi (19 mL of a 1.7 M solution, 32.3 mmol) was added slowly to a solution of 2-bromo-5-(tert-butyl)-1,3dimethylbenzene (4.00 g, 16.6 mmol) in dry THF (30 mL). The solution was then stirred for 2 h. A degassed solution of 1,10-phenanthroline (1.00 g, 5.55 mmol) in dry toluene (50 mL) was added to the solution via cannula transfer. The solution was heated to 50 °C to distill off the low boiling solvents, and then further heated at 65 °C under argon for 16 h. The same procedure as carried out for isolating 1 and 2 was used for the work up to afford 3 (1.14 g, 2.65 mmol, 48%, Rf = 0.1, SiO2 + dichloromethane) and 2 (0.724 g, 1.45 mmol, 26%). 3 m.p. 141 °C. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 9.12 (d, J = 4.5 Hz, 1H, H9), 8.26 (d, J = 8.2 Hz, 1H, H4), 8.03 (d, J = 9.1 Hz, 1H, H6), 7.81 (d, J = 9.1 Hz, 1H, H5), 7.59 (d, J = 8.2 Hz, 1H, H3), 7.39 (d, J = 4.5 Hz, 1H, H8), 7.33 -7.29 (m, 2H, HBzortho), 7.26-7.20 (m, 3H, HBzmeta and HBzpara), 7.13 (s, 2H, HAr), 4.54 (s, 2H, CH2), 2.10 (s, 6H, HMe), 1.35 (s, 9H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 161.0, 150. 7, 150.2 (CH), 146.7, 146.2, 138.8, 138.6, 135.9 (CH), 135.6, 128.8 (CH), 128.8 (CH), 127.9, 126.7 (CH), 126.6, 126.4 (CH), 124.7 (CH), 124.7, 124.5 (CH), 124.0 (CH), 122.2 (CH), 38.7, 34.4, 31.4 (CH3), 20.8 (CH3). Anal. calcd for C31H30N2: C, 86.47; H, 7.02; N, 6.51. Found: C, 86.15; H, 7.04; N, 6.56.

2-(4-(tert-butyl)-2,6-dimethylphenyl)-9-phenyl-1,10-phenanthroline (4).

Under argon and at 0 °C, PhLi (5.9 mmol, 3.3 mL, 1.8 M in dibutyl ether) was added dropwise to a solution of 1 (500 mg, 1.47 mmol) in dry toluene (10 mL). The black solution was stirred for 16 h at r.t. A work up similar to the one described earlier for 1 afforded 4 (242 mg, 0.581 mmol, 40%, Rf = 0.32, SiO2 + dichloromethane); m.p. 131 °C. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 8.34 -8.24 (m, 4H, H7, H4 and HPhortho), 8.09 (d, J = 8.3 Hz, 1H, H3), 7.82 (s, 2H, H5 and H6), 7.64 (d, J = 8.1 Hz, 1H, H8), 7.50-7.53 (m, 2H, HPhmeta,), 7.46 -7.40 (m, 1H, HPhpara), 7.20 (s, 2H, HAr) 2.30 (s, 6H, HMe), 1.38 (s, 9H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 159. 9, 157.2, 150.7, 146.4, 146.1, 139.9, 138.0, 136.7 (CH), 136.1, 135. Under argon and at 0 °C, PhLi (2.8 mmol, 1.56 mL, 1.8 M in dibutyl ether) was added dropwise to a solution of 2-(4-(tert-butyl)-2,6-dimethylphenyl)-7-benzyl-1,10-phenanthroline (300 mg, 0.7 mmol) in dry toluene (10 mL). The black solution was stirred for 16 h at r.t. Water (10 mL) was added and the layers were separated. The aqueous layer was extracted with dichloromethane (3 x 10 mL). MnO2 (3 g) was added to the combined organic layers and the mixture was stirred for 4 h. MgSO4 (3 g) was added and after 2 h of stirring, the mixture was filtered over a 2 cm plug of celite in a frit. The solvents were evaporated and purified by column chromatography (SiO2, from pentane:diethylether (8:2) to pentane:diethylether (1:1)) to afford 4-benzyl-9-(4-(tert-butyl)-2,6dimethylphenyl)-2-phenyl-1,10-phenanthroline (88 mg, 0.167 mmol, 25% yield); m.p. 134 °C. [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 8.28 -8.21 (m, 3H, H7 and HPhortho), 8.02 (d, J = 9.0 Hz, 1H, H6), 7.90 (s, 1H, H3), 7.77 (d, J = 9.0 Hz, 1H, H5), 7.62 (d, J = 8.2 Hz, 1H, H8), 7.49 (dd, J = 8.2 and 6.8 Hz, 2H, HPhmeta), 7.44 -7.37 (m, 2H, HPhpara and HBzpara), 7.35 -7.30 (m, 2H, HBzmeta), 7.28 -7.24 (m, 2H, HBzortho), 7.19 (s, 2H, HAr), 4.60 (s, 2H, CH2), 2.30 (s, 6H, HMe), 1.38 (s, 9H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 160. 1, 157.0, 150.8, 147.0, 146.8, 146.6, 140.1, 139.1, 138.2, 136.2, 135.5 (CH), 129.3 (CH), 128.9 (CH), 128.9 (CH), 128. 6). In a schlenk flask were introduced 4-benzyl-9-(4-(tert-butyl)-2,6-dimethylphenyl)-2-phenyl-1,10phenanthroline (70 mg, 0.14 mmol) and PdCl2(MeCN)2 (35 mg, 0.14 mmol, 1 eq.). The solids were dissolved in a solution of benzene/methanol (5 mL, ratio 4/5) and the mixture was heated at 55°C for 6h. After cooling, the precipitate formed during the reaction was filtered off, washed with hexane and dried under vacuum to afford the desired palladium(II) complex (88 mg, 0.137 mmol, 99% yield). [START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 8.37 (d, J = 8.2 Hz, 1H, H7), 7.97 (d, J = 9.0 Hz, 1H, H5), 7.88 (dd, J = 7.8, 1.3 Hz, 1H, HPhmeta), 7.79 (d, J = 9.0 Hz, 1H, H6), 7.66 (d, J = 8.3 Hz, 1H, H8), 7.63 (s, 1H, H3), 7.35 (m, 2H, HBzmeta), 7.30 (m, 2H, HPhortho + HBzpara), 7.23 (m, 2H, HBzortho), 7.18 (s, 2H, HAr), 7.02 (td, J = 7.5, 1.6 Hz, 2H, HPhpara), 6.96 (td, J = 7.4, 1.3 Hz, 1H, HPhmeta) 4.56 (s, 2H, CH2), 2.14 (s, 6H, HMe), 1,41 (s, 9H, HtBu). 13 C NMR (125 MHz,CDCl3) δ 164.3,163.3,152.6,151.9,149.0,147.5,147.4,145.3,137.6,137.5 (CH),137.4 (CH),136.1,135.0,130.6 (CH) FULL PAPER When toluene was used as a solvent and the aryl-lithio reagents generated with tert-butyl lithium, after a first substitution at the 2 position of 1,10-phenanthroline, a benzyl substituent was regioselectively introduced at the 7 position. Among the complexes prepared (Pd(II), Cu(I)) with these new ligands, a chiral copper(I) complex exhibits spontaneous resolution in the solid state. A new phenanthroline ligand and the spontaneous resolution of its homoleptic copper(I) complex ((Insert TOC Graphic here: max. width: 5.5 cm; max. height: 5.0 cm; NOTE: the final letter height should not be less than 2 mm.))
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 1 Figure 1. Top: High yield arylation or alkylation reaction introduced by the group of J.-P. Sauvage. Bottom: Functionalization of halogenated derivatives.

Scheme 1 .

 1 Scheme 1. Preparation of the mono-functionalized 2-arylphenanthroline.

Scheme 2 .

 2 Scheme 2. Preparation of mono and di-functionalized phenanthrolines.

Figure 2 .

 2 Figure 2. 1 H NMR spectrum of compound 3.

Figure 3 .

 3 Figure 3. Postulated intermediate for the formation of compound 3.

Scheme 4 .

 4 Scheme 4. Preparation of unsymmetrical ligands 4 (R = H) and 5 (R = benzyl).

Figure 4 .

 4 Figure 4. X-ray structure of the Pd(II) complex 6. Top: single molecule and bottom: view showing the head-to-tail stacking arrangement of two molecules in the solid state.

Figure 5 .

 5 Figure 5. X-ray structure of copper(I) complex 7. All hydrogen atoms and two dichloromethane molecules were omitted for clarity.

  5 (CH), 129.2 (CH), 128.7 (CH), 127.9 (CH), 127.6, 127.2, 126.1 (CH), 126.0 (CH), 125.1 (CH), 124.9 (CH), 120.3 (CH), 34.4, 31.4 (CH3), 21.4 (CH3). Anal. calcd for C30H28N2: C, 86.50 ; H, 6.78; N, 6.72 . A tiny amount of residual water was always present in the samples, giving very close, but not exact analyses (> 0.4%). HRMS ESI: calcd for C30H29N2 (M + H + ) 417.2325; obsd 417

  8 (CH), 128.0 (CH), 127.0, 126.8 (CH), 126.8, 126.1 (CH), 125.2 (CH), 125.1 (CH), 122.3 (CH), 121.7 (CH), 39.2 (CH2), 34.6, 31.6 (CH3), 21.5 (CH3). HRMS ESI: calcd for C37H35N2 (M + H + ) 507.2795; obsd 507.2802. 4-benzyl-9-(4-(tert-butyl)-2,6-dimethylphenyl)-2-phenyl-1,10phenanthroline-palladium chloride (

  Under argon, a degassed solution of 3 (138 mg, 0.32 mmol) in dichloromethane(10 mL) was added via cannula transfer to a degassed solution of [Cu(CH3CN)4]PF6 (58 mg, 0.16 mmol) in dichloromethane (20 mL). The solution turned immediately red and was further stirred for 1 h. The solvent was evaporated and the solid was dissolved in the minimum amount of dichloromethane and precipitated by addition of a diethyl ether:pentane (1:1) solution, to afford the copper(I) complex 7 (142 mg, 0.15 mmol, 94%).[START_REF] Cotton | Advanced Inorganic Chemistry[END_REF] H NMR (500 MHz, CDCl3) δ 8.76 (d, J = 4.9 Hz, 2H, H9), 8.49(d, J = 8.2 Hz, 2H, H4), 8.12 (d, J = 9.2 Hz, 2H, H6), 8.00 (d, J = 9.2 Hz, 2H, H5), 7.54 -7.51 (m, 4H, H3 and H8), 7.37 -7.34 (m, 4H, HBz), 7.29 -7.23 (m, 6H , HBz), 6.43 (s, 2H, HAr), 6.27 (s, 2H, HAr), 4.63 (d, J = 16.0 Hz, 2H, CH2), 4.41 (d, J = 16.0 Hz, 2H, CH2), 1.68 (s, 6H, HMe), 1.34 (s, 6H, HMe), 1.08 (s, 18H, HtBu). 13 C NMR (125 MHz, CDCl3) δ 159.3, 150.8, 148.3 (CH), 147.9, 143.9, 143.7, 137.3, 137.1 (CH), 135.5, 135.3, 133.2, 129.1 (CH), 129.0 (CH), 128.7 (CH), 127.9, 127.2 (CH), 127.0, 126.9 (CH), 126.5 (CH), 125.6 (CH), 123.7 (CH), 123.4 (CH), 122.9 (CH), 65.9 (CH2), 38.6 (CH2), 34.0, 31.2 (CH3), 20.8 (CH3), 20.2 (CH3), 15.3 (CH3). Anal. calcd for C62H60CuF6N4P: C, 69.62; H, 5.65; N, 5.24. Found: C, 69.64; H, 5.69; N, 5.22.Crystal data palladium complex 6. C38H35Cl3N2Pd, M = 732.43 g.mol -1 , crystal size 0.20 x 0.16 x 0.12 mm, monoclinic, space group P21/c, a = 17.9403(8) Å, b = 13.9380(7) Å, c = 12.9385(6) Å,  = 90°,  = 92.099(2)°,  = 90°, V = 3233.1(3) Å 3 , Z = 4, calc = 1.505 Mg/m 3 , T = 120(2) K, MoK = 0.71073, 2.272 <  < 30.050, transmission factors: Tmin/Tmax = 0.6895/0.7460, 91896 reflections measured, 9467 unique reflections, R1 = 0.0276, wR2 = 0.0601, GoF = 1.124. CCDC Nr2023891. Crystal data of copper(I) complex 7. C64H64Cl4CuF6N4P, M = 1239.50 g.mol -1 , crystal size 0.48 x 0.10 x 0.08 mm, monoclinic, space group P21, a = 12.8784(5) Å, b = 13.8188(5) Å, c = 17.4807(6) Å,  = 90°,  = 106.0470(10)°,  = 90°, V = 2971.12(19) Å 3 , Z = 2, calc = 1.385 Mg/m 3 , T = 173(2) K, MoK = 0.71073, 1.656 <  < 29.039, transmission factors: Tmin/Tmax = 0.6223/0.7458, 31708 reflections measured, 15289 unique reflections, R1 = 0.0518, wR2 = 0.1059, GoF = 0.995. CCDC Nr 2023889.
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