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UV-visible Absorption spectra of complexes 1-5
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UV-visible absorption spectrum of complex 1, in dichloromethane. (1.2 x 10-5 M)
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UV-visible absorption spectrum of complex 2, in dichloromethane. (1.3 x 10-5 M)
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UV-visible absorption spectrum of complex 3, in dichloromethane. (1.6 x 10-5 M)
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UV-visible absorption spectrum of complex 4, in dichloromethane. (1.5 x 10-5 M)
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UV-visible absorption spectrum of complex 5, in dichloromethane. (9.8 x 10-6 M)

Synthesis of the complexes (1-5)

Complexes 1-5 were prepared according to the following procedure:

2-(5-phenyl-4H-[1,2,4]triazol-3-yl)-pyridine (1 mmol) and the dichloro-bridged cyclometalated Iridium complex (0.4 mmol)  were srirred in distilled dichloromethane (10 ml) and ethanol (3 ml) for 4-6 hours. The resulting yellow mixture was precipitated into hexanes (100 ml), while stirring. The precipitate was filtered and washed with hexanes. Purification via chromatography over silica gel, using dichloromethane/acetone mixtures afforded complexes 1-5 in 50-60% yield.

The complexes were characterised via 1H NMR, 13C NMR, 19F NMR and mass spectrometry.

Complex 1: 1H NMR in CDCl3: 8.29 (dd, 2H, aromatics, J=8Hz, 2Hz); 8.22 (d, 1H, aromatic, J=8Hz); 8.12 (d, 2H, aromatics, J=8Hz); 7.85 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.83 (d, 1H, aromatic, J=8Hz); 7.68 (m, 3H, aromatics); 7.49 (d, 1H, aromatic, J=8Hz); 7.35 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.26 (d, 1H, aromatic, J=8Hz); 7.14 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.95 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.87 (dd,1H, aromatic, J=8Hz, 2Hz); 6.50 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.46 (dd, 1H, aromatic, J=8Hz, 2Hz); 5.79 (d, 1H, aromatic, J=8Hz); 5.74 ppm (d, 1H, aromatic, J=8Hz). 19F NMR in CDCl3: -107.19 (F pos. 3 with respect to iridium centre); -107.93 (F pos. 3 with respect to iridium centre); -109.65 (F pos. 5 with respect to iridium centre); -110.41 ppm (F pos. 5 with respect to iridium centre). 13C NMR in CDCl3: 164.37 (C); 157.80 (C); 156.65 (C); 150.42 (C); 150.39 (C); 150.11 (CH); 149.81 (CH); 146.06 (C); 140.41 (CH); 138.80 (CH); 138.62 (CH); 131.21 (CH); 129.01 (CH); 127.62 (CH); 127.49 (CH); 126.49 (CH); 125.29 (C); 123.53 (CH); 122.85 (CH); 115.26 (C); 114.06 ppm (CH). ESI-MS: found 795.13 protonated species (calc. 793.82).

Complex 2: 1H NMR in CDCl3: 8.29 (d, 2H, aromatics, J=8Hz); 8.11 (d, 2H, aromatics, J=8Hz); 7.85 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.80 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.72 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.63 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.61 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.49 (d, 1H, aromatic, J=8Hz); 7.34 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.31 (dd, 2H, aromatic, J=8Hz, 2Hz); 6.87 (dd,1H, aromatic, J=8Hz, 2Hz); 6.50 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.28 (s, 1H, aromatic); 7.12 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.86 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.80 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.40 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.34 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -101.41 (F pos. 4 with respect to iridium centre); -102.71 (F pos. 4 with respect to iridium centre); -119.57 (F pos. 6 with respect to iridium centre); -121.18 ppm (F pos. 6 with respect to iridium centre). 13C NMR in CDCl3: 170.04 (C); 167.29 (C); 161.39 (C); 156.75 (C); 158.81 (C); 150.61 (CH); 150.10 (CH); 148.84 (CH); 148.00 (C); 147.38 (C); 140.43 (CH); 137.99 (CH); 137.84 (CH); 131.20 (CH); 129.00 (CH); 127.57 (CH); 126.56 (CH); 123.53 (CH); 123.00 (CH); 119.72 (CH); 119.60 (CH) 107.58 (CH); 105.42 ppm (CH). ESI-MS: found 795.13 protonated species (calc. 793.82).

Complex 3: 1H NMR in CDCl3: 8.40 (d, 1H, aromatic, J=8Hz); 8.35 (dd, 2H, aromatics, J=8Hz, 2Hz); 8.09 (d, 3H, aromatics, J=8Hz); 7.90 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.83 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.80 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.70 (d, 1H, aromatic, J=8Hz); 7.66 (s, 1H, aromatic); 7.60 (s, 1H, aromatic); 7.46 (d, 1H, aromatic, J=8Hz); 7.35 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.28 (d,1H, aromatic, J=8Hz); 7.16 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.13 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.03 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.70 (s, 1H, aromatic); 6.48 ppm (s, 1H, aromatic). 19F NMR in CDCl3: -57.59 (CF3 pos. 3 with respect to iridium centre); -57.65 (CF3 pos. 3 with respect to iridium centre); -63.45 (CF3 pos. 5 with respect to iridium centre); -63.48 ppm (CF3 pos. 5 with respect to iridium centre). 13C NMR in CDCl3: 163.95 (C); 163.23 (C); 157.59 (C); 156.42 (C); 154.64 (C); 150.60 (CH); 149.74 (C); 149.45 (CH); 148.87 (CH); 145.74 (C); 144.07 (C);  140.62 (CH); 138.83 (CH); 138.69 (CH); 131.19 (CH); 130.44 (C); 129.57 (C); 128.88 (CH); 127.54 (CH); 127.37 (CH); 126.79 (C); 125.58 (CH); 125.23 (CH); 124.95 (CH); 124.90 (C). ESI-MS: found 995.15 protonated species (calc. 993.82).

Complex 4: 1H NMR in CDCl3: 8.15 (d, 2H, aromatics, J=8Hz); 7.99 (d, 2H, aromatics, J=8Hz); 7.92 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.83 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.74 (s, 1H, aromatic); 7.67 (s, 1H, aromatic); 7.63 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.53 (d, 1H, aromatic, J=8Hz); 7.47 (d, 1H, aromatic, J=8Hz); 7.33 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.27 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.12 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.82 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.74 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -59.26 (CF3 pos. 4 with respect to iridium centre); -60.10 (CF3 pos. 4 with respect to iridium centre); -62.42 (CF3 pos. 6 with respect to iridium centre); -62.52 ppm (CF3 pos. 6 with respect to iridium centre). 13C NMR in CDCl3: 166.44 (C); 165.50 (C); 157.71 (C); 156.27 (C); 150.52 (CH); 150.35 (C); 150.01 (C); 149.18 (CH); 141.32 (CH); 138.85 (CH); 138.65 (CH); 131.55 (CH); 129.11 (CH); 128.04 (CH); 127.48 (CH); 126.32 (C); 125.49 (C); 125.35 (C); 124.79 (C); 124.31 (CH); 123.64 (CH); 123.10 (CH); 122.66 (CH); 120.37 (CH); 119.84 (CH); 118.37 ppm (CH). ESI-MS: found 995.14 protonated species (calc. 993.82).

Complex 5: 1H NMR in CDCl3: 8.26 (d, 1H, aromatic, J=8Hz); 8.12 (d, 2H, aromatics, J=8Hz); 7.90 (d, 1H, aromatic, J=8Hz); 7.79 (m, 3H, aromatics); 7.72 (d, 1H, aromatic, J=8Hz); 7.61 (m, 4H, aromatics); 7.53 (d, 1H, J=8Hz); 7.33 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.23 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.05 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.96 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.87 (m, 5H, aromatics); 6.37 ppm (d, 2H, aromatics, J=8Hz). 13C NMR in CDCl3: 168.46 (C); 167.87 (C); 150.04 (CH); 148.25 (CH); 148.02 (C); 144.20 (C); 143.55 (C); 139.02 (CH); 137.15 (CH); 132.03 (CH); 131.83 (CH); 130.43 (CH); 129.83 (CH); 128.62 (CH); 126.99 (CH); 124.46 (CH); 124.26 (CH); 122.99 (CH); 122.34 (CH); 122.18 (CH); 121.66 (CH); 119.26 (CH); 118.99 ppm (CH). ESI-MS: found 723.19 protonated species (calc. 721.83).

Synthesis of the precursors.

2-Phenylpyridine was purchased from Aldrich and used as received. 2-(5-phenyl-4H-[1,2,4]triazol-3-yl)-pyridine was prepared according to previously reported procedures (see reference 9).  All the other phenylpyridines were prepared according to a Suzuki cross coupling between 2-bromopyridine and the corresponding phenyl boronic acid.

General procedure for the preparation of substituted phenylpyridines:

Bromopyridine (10mmol) and the phenylboronic acid derivative (10mmol) were dissolved in freshly distilled tetrhydrofuran (30 ml) under nitrogen. Potassium carbonate 2 M in water (5 ml) was added, together with ethanol (1 ml). The mixture was cooled in a dry ice-acetone bath and throughly degassed. Tetrakis(triphenylphosphino palladium) (3% mol) was added and the resulting mixture was vigorously stirred at 75°C overnight. The resulting yellow mixture was cooled to room temperature. Diethyl ether (2 X 100 ml) was added and the water phase extracted. The organic phase was washed with brine and dried with anhydrous magnesium sulphate. After evaporation of the solvent, the residue was purified via chromatography, using petrol-ethyl acetate mixtures to elute. The title  compounds were obtained in 50-60% yield.

The resulting phenylpyridines were characterised via 1H NMR and 19F NMR.

(2’,4’-difluoro)-2-phenylpyridine: 1H NMR in CDCl3: 8.71 (d, 1H, aromatic, J= 8 Hz); 8.00 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.72-7.75 (m, 2H, aromatics); 7.25 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.01 (dd, 1H, aromatic, J=8 Hz, 2Hz); 6.92 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -109.39 (F pos. 2 with respect to phenylpyridine); -113.06 ppm (F pos. 4 with respect to phenylpyridine).

(3’,5’-difluoro)-2-phenylpyridine: 1H NMR in CDCl3: 8.68 (d, 1H, aromatic, J= 8 Hz, 2Hz); 7.77 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.67 (d, 1H, aromatic, J=8Hz); 7.54 (s, 1H, aromatic); 7.52 (s, 1H, aromatic); 7.28 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.84 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -109.63 ppm (F).

(2’,4’-ditrifuoromethyl)-2-phenylpyridine: 1H NMR in CDCl3: 8.71 (d, 1H, aromatic, J= 8 Hz); 8.02 (s, 1H, aromatic); 7.88 (d, 1H, aromatic, J=8Hz); 7.79 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.66 (d, 1H, aromatic, J=8 Hz); 7.44 (d, 1H, aromatic, J=8Hz); 7.37 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -57.39 (CF3 pos. 2 with respect to pyridine); -63.05 ppm (CF3 pos. 4 with respect to pyridine).

(3’,5’-ditrifuoromethyl)-2-phenylpyridine: 1H NMR in CDCl3: 8.73 (d, 1H, aromatic, J= 8 Hz); 8.47 (s, 2H, aromatics); 7.90 (s, 1H, aromatic); 7.81 (dd, 2H, aromatics, J=8Hz, 2Hz); 7.33 ppm (dd, 1H, aromatic, J=8 Hz, 2Hz). 19F NMR in CDCl3: -63.06 ppm (CF3).

Complexes 1-5 were prepared via the dichloro-bridged cyclometalated intermediate, according to previously published procedures (see refrence 8). Purification of the complexes was performed via chromatography using dichloromethane as eluent. The complexes were obtained as amorphous yellow powders and were characterised via 1H NMR and 19F NMR.

[(2’,4’-difluoro)-2-phenylpyridine]4Ir2Cl2: 1H NMR in CDCl3: 9.11 (d, 1H, aromatic, J=8Hz); 8.29 (d, 1H, aromatic, J=8Hz); 7.82 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.81 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.33 (dd, 1H, aromatic, J=8Hz, 2Hz); 5.28 ppm (d, 1H, aromatic, J=8Hz). 19F NMR in CDCl3: -107.77 (F pos. 3 with respect to iridium centre); -110.36 ppm (F pos. 5 with respect to iridium centre).

[(3’,5’-difluoro)-2-phenylpyridine]4Ir2Cl2: 1H NMR in CDCl3: 9.06 (d, 1H, aromatic, J=8Hz); 7.77 (dd, 2H, aromatic, J=8Hz, 2Hz); 7.19 (d, 1H, aromatic, J=8Hz); 6.36 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.19 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -103.17 (F pos. 4 with respect to iridium centre); -120.20 ppm (F pos. 6 with respect to iridium centre).

[(2’,4’-ditrifuloromethyl)-2-phenylpyridine]4Ir2Cl2: 1H NMR in CDCl3: 9.77 (d, 1H, aromatic, J=8Hz); 8.39 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.92 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.45 (s, 1H, aromatic); 7.41 (dd, 1H, aromatic, J=8Hz, 2Hz); 6.50 ppm (d, 1H, aromatic, J=8Hz). 19F NMR in CDCl3: -57.61 (CF3 pos. 3 with respect to iridium centre); -63.46 ppm (CF3 pos. 5 with respect to iridium centre).

[(3’,5’-ditrifluoromethyl)-2-phenylpyridine]4Ir2Cl2: 1H NMR in CDCl3: 8.46 (d, 1H, aromatic, J=8Hz); 7.92 (s, 1H, aromatic); 7.88 (d, 1H, aromatic, J=8Hz); 7.81 (dd, 1H, aromatic, J=8Hz, 2Hz); 7.26 (s, 1H, aromatic); 6.55 ppm (dd, 1H, aromatic, J=8Hz, 2Hz). 19F NMR in CDCl3: -58.20 (CF3 pos. 4 with respect to iridium centre); -62.70 ppm (CF3 pos. 6 with respect to iridium centre).

