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1 Synthesis and characterisation 

1.1 General 

1-Azido-2,6-diisopropylbenzene,1 1-benyzl-4-phenyl-1H-1,2,3-triazole, 2d, and 1-benzyl-3-methyl-4-

phenyl-1H-1,2,3-triazolium tetrafluoroborate, 3d 2 were synthesised using literature procedures.  The 

synthesis of all other triazoles and triazolium salts were based on these procedures.  [Ru(η6-p-cymene)Cl2]2,3 

and [Os(η6-p-cymene)Cl2]2 
4 were synthesised using literature procedures, all other reagents and solvents 

were obtained from commercial sources and used without further purification.  Column chromatography was 

carried out on a Varian 971-FP Autocolumn using SiO2 (40-60 μM) flash columns (Luknova). 1H (400.13 

MHz) and 13C{1H} (100.62 MHz) NMR spectra were recorded at 25 °C on a Bruker Avance II 400 

Spectrometer and referenced to residual solvent peaks (CDCl3 1H 7.26, 13C{1H} 77.16).  IR spectra were 

recorded on a Perkin-Elmer Spectrum One FT-IR spectrometer and melting points were determined on a 

SMP3 Stuart melting point apparatus and are uncorrected. Elemental analysis was carried out by the 

microanalytical laboratory at EPFL. HR-ESI MS were obtained on a Thermo Finnigan LCQ Deca XP Plus 

Quadrupole ion-trap instrument in the positive ion mode. 

Caution: sodium azide is explosive and toxic - appropriate precautions should be taken. As low molecular 
weight organic azides are also potential explosives, care must be taken during their handling. 
 

 

1.2 Synthesis of 1-substituted-4-phenyl-1H-1,2,3-triazoles 

1-Ethyl-4-phenyl-1H-1,2,3-triazole, 2a: 1-Bromoethane 1a (0.599 g, 5.5 mmol, 1.1 equiv) and NaN3 (0.390 

g, 6 mmol, 1.2 equiv) were heated in DMF/H2O (4:1, 15 mL) at 40 °C for 8 h.  After cooling, 

phenylacetylene (0.511 g, 5 mmol, 1 equiv), sodium ascorbate (0.990 g, 5 mmol, 1 equiv) and CuSO4.5H2O 

(0.250 g, 1 mmol, 0.2 equiv) were added and the solution stirred vigorously for 48 h.  The solution was 

added to EDTA/NH4OH (100 mL) and stirred for a further 1 h.  The white solid was filtered and washed 

with water (3 x 100 mL), dissolved in CH2Cl2 (50 mL) and washed with water (2 x 100 mL) and brine (100 

mL) and dried (MgSO4).  After evaporation of the solvent, column chromatography (CH2Cl2 →9:1 

CH2Cl2/acetone) gave 0.748 g (86%) of 1-ethyl-4-phenyl-1H-1,2,3-triazole 2a as a white solid.  MP:  65.2–

66.4 °C;  C10H11N3 requires C 69.34, H 6.40, N 24.26. Found: C 69.34, H 6.36, N 24.82%;  IR: v 1483, 

1465, 1432, 1227, 1182, 1073, 1045, 975, 819, 764, 708, 691 cm-1;  NMR (CDCl3) 1H 7.83 (m, 2H, H-4), 

7.76 (s, 1H, H-1), 7.42 (m, 2H, H-5), 7.33 (m, 1H, H-6), 4.46 (q, J = 7.4 Hz, 2H, H-7), 1.60 (t, J = 7.4 Hz, 

3H, H-8);  13C{1H} 148.0 (C-2), 130.9, 129.0, 128.2, 125.8 (C-3 – C-6), 119.0 (C-1), 45.5 (C-7), 15.7 (C-8);  

ESI: m/z: 174.103 ([M+H]+, calc for C10H12N3 174.103) 

 22

NN NN
NN

11
33

77

88

66

55
44

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



4 
 

1-Hexyl-4-phenyl-1H-1,2,3-triazole, 2b:  1-Bromohexane 1b (0.908 g, 5.5 mmol, 1.1 equiv) and NaN3 

(0.390 g, 6 mmol, 1.2 equiv) were heated in DMF/H2O (4:1, 15 mL) at 95 °C for 6 h.  After cooling, 

phenylacetylene (0.511 g, 5 mmol, 1 equiv), sodium ascorbate (0.990 g, 5 mmol, 1 equiv) and CuSO4.5H2O 

(0.250 g, 1 mmol, 0.2 equiv) were added and the solution was stirred vigorously for 48 h.  The solution was 

added to EDTA/NH4OH (100 mL) and stirred for a further 1 h.  The white solid was filtered and washed 

with water (3 x 100 mL), dissolved in CH2Cl2 (50 mL) and washed with water (2 x 100 mL) and brine (100 

mL) and dried (MgSO4).  After evaporation of the solvent, column chromatography (CH2Cl2 → 9:1 

CH2Cl2/acetone) gave 0.950 g (83%) of 1-hexyl-4-phenyl-1H-1,2,3-triazole 2b as a white solid.  MP: 69-72 

°C;  C14H19N3 requires C 73.33, H 8.35, N 18.33. Found: C 73.35, H 8.45, N 18.78%;  IR: v 2953, 2927, 

2853, 1463, 1217. 1078, 1052, 1024, 975, 838, 761, 693 cm-1; NMR (CDCl3) 1H  7.84 (m, 2H, H-4), 7.74 (s, 

1H, H-1), 7.43 (m, 2H, H-5), 7.33 (m, 1H, H-6), 4.40 (t, J = 7.2 Hz, 2H, H-7), 1.95 (m, 2H, H-8), 1.34 (m, 

6H, H-9, H-10, H-11), 0.89 (m, 3H H-12); 13C{1H} 147.8 (C-2), 130.9, 128.9, 128.2, 125.8 (C-3 – C-6), 

119.5 (C-1), 50.6 (C-7), 31.3, 30.4, 26.3, 22.6 (C-8 – C-11), 14.1 (C-12);  ESI:  230.165 ([M+H]+, calc for 

C14H20N3 230.166) 

 

 

1-Dodecyl-4-phenyl-1H-1,2,3-triazole, 2c:  1-Bromododecane, 1c (1.1059 g, 5.5 mmol, 1.1 equiv) and NaN3 

(0.390 g, 6 mmol, 1.2 equiv) were heated in DMF/H2O (4:1, 15 mL) at 90 °C for 8 h.  After cooling, 

phenylacetylene (0.511 g, 5 mmol, 1 equiv), sodium ascorbate (0.990 g, 5 mmol, 1 equiv) and CuSO4.5H2O 

(0.250 g, 1 mmol, 0.2 equiv) were added and the solution was stirred vigorously for 48 h.  The solution was 

added to EDTA/NH4OH (100 mL) and stirred for a further 1 h.  The white solid was filtered and washed 

with water (3 x 100 mL), dissolved in CH2Cl2 (50 mL) and washed with water (2 x 100 mL) and brine (100 

mL) and dried (MgSO4).  After evaporation of the solvent, column chromatography (CH2Cl2 → 9:1 

CH2Cl2/acetone) gave 1.483 g (95%) of 1-dodecyl-4-phenyl-1H-1,2,3-triazole 2c as a white solid. MP: 92.8–

94.4 ºC;  C20H31N3 requires C 76.63, H 9.97, N 13.40. Found C 76.74, H 9.88, N 13.73%;  IR: v 2916, 2846, 

1463, 1216, 1199, 1184, 108, 1053, 1025, 977, 913, 839, 761, 723, 694 cm-1;  NMR (CDCl3) 1H 7.84 (m, 

2H, H-4), 7.74 (s, 1H, H-1), 7.43 (m, 2H, H-5), 7.33 (m, 1H, H-6), 4.40 (t, J = 7.2 Hz, 2H, H-7), 1.95 (m, 

2H, H-8), 1.25 (m, 18H, H-9 – H-17), 0.88 (t, J = 7.1 Hz, 3H, H-18);  13C{1H} 147.9 (C-2), 130.9, 129.0, 

128.2, 125.8 (C-3 – C-6), 119.6 (C-1), 50.6 (C-7), 32.0, 30.5, 29.7 (x2), 29.6, 29.5, 29.4, 29.2, 26.7, 22.8 (C-

8 – C-17), 14.2 (C-18); ESI: m/z 314.259 ([M+H]+, calc for C20H32N3 314.260) 
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1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)-4-phenyl-1H-1,2,3-triazole, 2e:  2,3,4,6-Tetra-O-acetyl-α-D-

glucopyranosyl bromide, 1e (1.809 g, 4.4 mmol, 1.1 equiv), phenylacetylene (0.408 g, 4 mmol, 1 equiv), 

NaN3 (0.312 g, 4.8 mmol, 1.2 equiv), sodium ascorbate (0.792 g, 4 mmol, 1 equiv) and CuSO4.5H2O (0.400 

g, 1.6 mmol, 0.4 equiv) were stirred vigorously in DMF/H2O (4:1, 15 mL) for 48 h.  The solution was added 

to EDTA/NH4OH (100 mL) and stirred for a further 1 h.  The white solid was filtered and washed with water 

(3 x 100 mL) then dissolved in CHCl3/iPrOH (3:1, 100 mL) and washed with water (2 x 100 mL) and brine 

(100 mL) and dried (MgSO4).  After evaporation of the solvent, column chromatography (CH2Cl2 → 9:1 

CH2Cl2/acetone) gave 1.060 g (56%) of 1-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)-4-phenyl-1H-1,2,3-

triazole 2e as a white solid.  MP:  218.3–219.0 ºC; C22H25N3O9·½H2O requires C 54.54, H 5.41, N 8.67. 

Found C 54.46, H 5.20, N 8.68%;  IR: v 1742, 1366, 1253, 1213, 1033, 926, 764, 694 cm-1;  NMR 

(CDCl3) 1H 8.00 (s, 1H, H-1), 7.84 (m, 2H, H-4), 7.44 (m, 2H, H-5), 7.36 (m, 1H, H-6), 5.93 (d, J = 9.0 Hz, 

1H, H-7), 5.53 (t, J = 9.4 Hz, 1H, H-8), 5.44 (t, J = 9.4 Hz, 1H, H-9), 5.27 (t, J = 9.4 Hz, 1H, H-10), 4.34 

(dd, J = 11.0, 5.1, Hz, 1H, H-12), 4.17 (dd, J = 11.0, 2.1 Hz, 1H, H-12), 4.03 (ddd, J = 11.0, 5.1, 2.1 Hz, 1H, 

H-11), 2.09, 2.08, 2.04, 1.89 (OAc);  13C{1H} 170.6, 170.0, 169.5, 169.1 (C=O, OAc), 148.7 (C-2), 130.0, 

129.0, 128.7, 126.1 (C-3 – C-6), 117.8 (C-1), 85.97 (C-7), 75.3, 72.9, 70.4, 67.9 (C-8 – C-11), 61.7(C-12), 

20.8, 20.7, 20.6, 20.3 (CH3, OAc);  ESI: m/z: 476.169 ([M+H]+, calc for C22H26N3O9 476.167) 

 

 

 

1-(2,6-Diisopropylphenyl)-4-phenyl-1H-1,2,3-triazole, 2f:  1-Azido-2,6-diisopropylbenzene (2.097 g, 10.3 

mmol, 1 equiv), phenylacetylene (1.070 g, 10.5 mmol, 1 equiv), sodium ascorbate (2.035 g, 10.3 mmol, 1 

equiv) and CuSO4.5H2O (0.330 g, 2.12 mmol, 0.2 equiv) were added to DMF/H2O (4:1, 15 mL) and the 

solution stirred vigorously for 24 h.  The resulting slurry was partitioned between EDTA/NH4OH (100 mL) 

and CH2Cl2 (100 mL) and stirred for a further 1 h.  The organic phase was retained and washed sequentially 

with water (3 x 100 mL) and brine (100 mL) and dried (MgSO4).  Column chromatography (CH2Cl2 → 9:1 

CH2Cl2/acetone) gave 2.86 g (91%) of 1-(2,6-diisopropylphenyl)-4-phenyl-1H-1,2,3-triazole, 2f as an off 

white solid.  MP: 171-173 ºC;  C20H23N3 requires C 78.65, H 7.59, N 13.76. Found:  C 78.34, H 7.83, N 

13.67%;  IR: v 2962, 1471, 1226, 1038, 991, 804, 761, 694 cm-1;  NMR (CDCl3)  1H 7.95 (d, J = 7.8 Hz, 2H, 

Ar-H), 7.87 (s, 1H, H-1), 7.48 (m, 3H, Ar-H), 7.38 (m, 1H, Ar-H), 7.31 (d, J = 7.8 Hz, 2H, Ar-H), 2.34 (spt, 

J = 6.9 Hz, 2H, H-11), 1.17 (d, J = 6.9 Hz, 6H, H-12), 1.15 (d, J = 6.9 Hz, 6H, H-12);  13C{1H}: 147.6 (C-2), 

146.3 (C-7), 133.4, 131.0, 130.6, 129.1, 128.5, 126.0, 124.0, 122.6 (Ar-C), 28.6 (C-11), 24.4, 24.2 (C-12);  

ESI:  m/z: 306.196 ([M+H]+, calc for C20H24N3 306.197) 
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1.3 Synthesis of 1-substituted-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborates  

1-Ethyl-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate, 3a:  Under N2, 2a (433 mg, 2.5 

mmol, 1 equiv) and [Me3O](BF4) (480 mg, 3.2 mmol, 1.3 equiv) were stirred in dry CH2Cl2 (200 mL) for 3 

days.  MeOH (1 mL) was added and the solution stirred for a further 10 min and evaporated to dryness.  The 

sticky solid was crystallised from CHCl3 and Et2O to give a white solid which was further purified by 

column chromatography (CH2Cl2 → 1:1 CH2Cl2/MeOH) to give 431 mg (63%) of 1-ethyl-3-methyl-4-

phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate 3a.  MP:  129.9–133.1 ºC;  IR: v 3134, 2962, 2917, 2850, 

1260, 1176, 1015 (br), 797, 777, 700, 551 cm-1; NMR (CDCl3): 1H 8.64 (s, 1H, H-1), 7.59 (m, 5H, H-4, H-5, 

H-6), 4.68 (q, J = 7.3 Hz, 2H, H-8), 4.24 (s, 3H, H-7), 1.67 (t, J = 7.3 Hz, 3H, H-9); 13C{1H}: 143.5 (C-2), 

132.0, 129.8, 129.6, 128.6 (C-3 – C-6), 122.2 (C-1), 49.9 (C-8), 38.5 (C-7), 14.3 (C-9);  ESI: m/z: 188.118 

([M]+, calc for C11H14N3 118.119) 

 

 

1-Hexyl-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate, 3b:  Under N2, 2b (459 mg, 2 mmol, 

1 equiv) and [Me3O](BF4) (385 mg, 2.6 mmol, 1.3 equiv) were stirred in dry CH2Cl2 (150 mL) for 3 days.  

MeOH (1 mL) was added and the solution stirred for a further 10 min and evaporated to dryness.  The 

colourless oil was crystallised from CHCl3 and Et2O to give 1-hexyl-3-methyl-4-phenyl-1H-1,2,3-triazol-3-

ium tetrafluoroborate 3b as a white solid (0.520 g, 79%).   MP: 80-82 ºC;  C15H22N3BF4 requires C 54.40, H 

6.70, N 12.69.  Found C 54.30, H 6.33, N 12.75%;  IR: v 3130, 2954, 2928, 2870, 1465, 1339, 1030 (br), 

774, 699 cm-1;  NMR (CDCl3): 1H 8.61 (s, 1H, H-1), 7.60 (m, 5H, H-4, H-5, H-6), 4.62 (t, J = 7.6 Hz, 2H, H-

8), 4.25 (s, 3H, H-7), 2.04 (m, 2H, H-9), 1.35 (m, 6H, H-10, H-11, H-12), 0.89 (m, 3H, H-13);  13C{1H} 

143.4 (C-2), 131.8, 129.6, 129.5, 128.5 (C-3 – C-6). 122.2 (C-1), 54.3 (C-8), 38.5 (C-7), 31.0, 29.2, 25.9, 

22.4 (C-9 – C-12), 14.0 (C-13);  ESI:  m/z 244.182 ([M]+, calc for C15H22N3 244.181) 

 

 

 

1-Dodecyl-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate 3c  Under N2, 2c (313 mg, 1 mmol, 

1 equiv) and [Me3O](BF4) (148 mg, 1.3 mmol, 1.3 equiv) were stirred in dry CH2Cl2 (200 mL) for 3 days.  

MeOH (1 mL) was added and the solution stirred for a further 10 min and evaporated to dryness.  The white 

solid was crystallised from CHCl3 and Et2O to give 1-dodecyl-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium 

tetrafluoroborate 3c as a white solid (0.275 g, 66%).  MP:  89.4-92.0 ºC; C21H34N3BF4 requires C 60.73, H 

8.25, N 10.12.  Found C 60.73, H 8.51, N 10.21%;  IR: v 2917, 2848, 1464, 1028 (br), 761, 698 cm-1; NMR 
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(CDCl3) 1H 8.58 (s, 1H, H-1), 7.58 (m, 5H, H-4, H-5, H-6), 4.57 (t, J = 7.4 Hz, 2H, H-8), 4.23 (s, 3H, H-7), 

2.02 (m, 2H, H-9), 1.26 (m, 18H, H-10 – H-18), 0.88 (t, J = 7.0 Hz, 3H, H-19); 13C{1H} 143.5 (C-2), 131.9, 

129.8, 129.6, 128.8 (C-3 – C-6), 122.2 (C-1), 54.5 (C-8), 38.5 (C-7), 32.1, 29.8, 29.7 (2x), 29.5, 29.3 (2x), 

29.0, 26.4, 22.8, (C-9 – C-18), 14.3 (C-19);  ESI:  m/z:  328.276 ([M]+, calc for C21H34N3 328.275) 

2

N N
N
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1-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium 

tetrafluoroborate, 3e:  Under N2, 2e (475 mg, 1 mmol, 1 equiv) and [Me3O](BF4) (192 mg, 1.3 mmol, 1.3 

equiv) were stirred in dry CH2Cl2 (150 mL) for 3 days.  MeOH (1 mL) was added and the solution stirred for 

a further 10 min and evaporated to dryness.  The brown oil was crystallised from MeOH and Et2O to give 1-

(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl)-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate 3e 

as a white solid (0.478 g, 83%). MP:  102.9–104.1 ºC;  C23H28N3O9BF4·2H2O requires C 45.04, H 5.26, N 

6.85. Found C 45.25, H 4.84, N 6.92%;  IR: v 1756, 1733, 1371, 1227, 1203, 1032 (br), 934, 825, 775, 701 

cm-1;  NMR (CDCl3) 1H 8.85 (s, 1H, H-1), 7.61 (m, 5H, H-4, H5, H-6), 6.33 (d, J = 9.5 Hz, 2H, H-8), 5.68 

(t, J = 9.5 Hz, 1H, H-9), 5.46 (t, J = 9.5 Hz, 1H, H-10), 5.27 (t, J = 9.5 Hz, 1H, H-11), 4.40 (dd, J = 12.7, 4.5 

Hz, 1H, H-13), 4.31 (s, 3H, H-7), 4.27 (m, 1H, H-12), 4.21 (dd, J = 12.7, 2.0 Hz, 1H, H-13), 2.09, 2.07, 2.06, 

2.04 (OAc), 13C{1H} 170.6, 170.0, 169.8, 169.6 (C=O, OAc), 144.2 (C-2), 132.4, 130.0, 129.7, 129.0 (C-3 – 

C-6), 121.5 (C-1), 87.6 (C-8), 75.6, 73.0, 69.5, 67.2, 61.1 (C-9 – C-13), 39.3 (C-7), 20.8, 20.7, 20.6, 20.5 

(CH3, OAc); ESI: m/z: 490.184 ([M]+, calc for C23H28N3O9 490.183)  
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1-(2,6-Diisopropylphenyl)-3-methyl-4-phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate, 3f: 2f (900 mg, 3 

mmol, 1 equiv) and [Me3O](BF4) (610 mg, 4 mmol, 1.4 equiv) were stirred in dry CH2Cl2 (200 mL) under 

N2 for 3 days.  The reaction was quenched with MeOH (1 mL) and the solution evaporated to dryness to give 

a brown oil.  Crystallisation from CH2Cl2 and Et2O at -20 ºC gave 1-(2,6-diisopropylphenyl)-3-methyl-4-

phenyl-1H-1,2,3-triazol-3-ium tetrafluoroborate 3f as white spangles (768 mg, 63%);  MP: 188.8-190.2 ºC;  

C21H26N3BF4  requires C 61.93, H 6.43, N 10.32 %. Found C 61.48, H 6.63, N 10.34%;  IR v 1469, 1300, 
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1184, 1036, 804, 770, 752, 693 cm-1;  NMR (CDCl3) 1H: 8.29 (s, 1H, H-1), 7.83 (m, 2H, Ar-H), 7.65 (m, 4H, 

Ar-H), 7.39 (d, J = 7.6 Hz, 2H, H-10), 4.49 (s, 3H, H-7), 2.39 (spt, J = 6.8 Hz, 2H, H-12), 1.24 (m, 6H, H-

13, H-14);  13C{1H} 145.9 (C-8), 144.7 (C-2), 133.0, 132.3, 130.9, 130.2, 130.1, 129.9, 124.8, 121.5 (Ar-C), 

39.5 (C-7), 28.8 (C-12), 24.5, 23.9 (C-13); ESI: m/z: 320.213 ([M]+, calc for C21H26N3 320.213) 

2
N N

N

1
3

8
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9 10
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7

(BF4)

 

 

1.4 Synthesis of ruthenium(II) tzNHC complexes, Ru(η6-p-cymene)(tzNHC)Cl2  

Complex 4a:  3a (137 mg, 0.5 mmol, 1 equiv), Ag2O (58 mg, 0.25 mmol, 0.5 equiv) and NMe4Cl (55 mg, 

0.5 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (5 mL), [Ru(η6-p-

cymene)Cl2]2 (153 mg, 0.25 mmol, 0.5 equiv) was added and stirred for a further 90 minutes.  The orange 

solution was filtered through celite and evaporated to dryness.  The solid was dissolved in CH2Cl2 (5 mL) 

and hexanes (30 mL) were added.  Storage at -4 °C resulted in precipitation of an orange solid which was 

isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  143 mg (58%);  MP:  192-

194 ºC;  C21H27N3RuCl2·¼CH2Cl2 requires C 49.61, H 5.39, N 8.17. Found C 49.85, H 5.32, N 8.16% IR: v 

2960, 1338, 1069, 1057, 831, 792, 758, 701, 583 cm-1; NMR (CDCl3): 1H 7.63 (m, 2H, H-11), 7.47 (m, 3H, 

H-12, H-13), 5.14 (d, J = 5.9 Hz, 2H, H-4), 4.88 (m, 4H, H-3, H-15), 3.73 (s, 3H, H-14), 2.61 (spt, J = 6.9 

Hz, 1H, H-6), 1.86 (s, 3H, H-1), 1.63 (t, J = 7.3 Hz, 3H, H-16), 1.14 (d, J = 6.9 Hz, 6H, H-7); 13C{1H} 161.0 

(C-8), 148.1 (C-9), 132.1, 129.9, 129.0, 128.1 (C-10 – C-13), 105.4 (C-5), 97.2 (C-2), 84.4 (C-4), 84.3 (C-3), 

50.4 (C-15), 37.1 (C-14), 30.7 (C-6), 22.7 (C-7), 18.5 (C-1), 16.4 (C-16);  ESI:  m/z 458.094 ([M-Cl]+, calc 

for C21H27N3RuCl 458.094) 
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Complex 4b:  3b (165 mg, 0.5 mmol, 1 equiv), Ag2O (58 mg, 0.25 mmol, 0.5 equiv) and NMe4Cl 

(55 mg, 0.5 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 20 mL) in a foil-covered flask for 

18 h to give a cloudy white solution.  The solvent was removed completely and redissolved in 

CH2Cl2 (10 mL), [Ru(η6-p-cymene)Cl2]2 (153 mg, 0.25 mmol, 0.5 equiv) was added and stirred for 

a further 90 minutes.  The orange solution was filtered through celite, concentrated (ca 2 mL) and 

hexanes (20 mL) were added.  Storage at -4 °C resulted in precipitation of an orange solid which 

was isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  240 mg 

(88%).  MP: 180–183 ºC;  C25H35N3RuCl2·½H2O requires C 53.75, H 6.50, N 7.53%. Found C 

53.86, H 6.43, N 7.46%;  IR: v 2919, 2868, 1336, 1065, 836, 795, 765, 700, 581 cm-1;  NMR 

(CDCl3): 1H δ 7.62 (m, 2H, H-11), 7.47 (m, 3H, H-12, H-13), 5.15 (d, J = 6.0 Hz, 2H, H-4), 4.87 

(d, J = 6.0 Hz, 2H, H-3), 4.76 (m, 2H, H-15), 3.72 (s, 3H, H-14), 2.58 (spt, J = 7.0 Hz, 1H, H-6), 

2.05 (m, 2H, H-16), 1.85 (s, 3H, H-1), 1.45 (m, 2H, H-17), 1.35 (m, 4H, H-18, H-19), 1.13 (d, J = 

7.0 Hz, 6H, H-7), 0.90 (m, 3H, H-20); 13C{1H} 160.1 (C-8), 148.0 (C-9), 132.2, 129.9, 129.1, 128.1 

(C-10 - C-13), 105.0 (C-5), 97.1 (C-2), 84.5 (C-4), 84.3 (C-3), 55.2 (C-15), 37.0 (C-14), 31.7 (hexyl 

CH2), 31.3 (C-16), 30.7 (C-6), 26.7 (C-17), 22.7 (C-7), 22.7 (hexyl CH2), 18.5 (C-1), 14.2 (C-20);  

ESI: m/z 514.178 ([M-Cl]+, calc for C25H35N3RuCl 514.160) 
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Complex 4c:  3c (104 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (28 mg, 

0.25 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (10 mL), [Ru(η6-p-

cymene)Cl2]2 (77 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 2 h.  The orange solution 

was filtered through celite, concentrated (ca 5 mL) and hexanes (40 mL) were added.  Storage at -4 °C 

resulted in precipitation of an orange solid which was isolated by filtration, washed with Et2O (2 x 5 mL) 

and dried in vaccuo.  Yield:  144 mg (90%).  MP: 177-178 ºC;  C31H47N3RuCl2·1/5CH2Cl2 requires C 

57.60, H 7.35, N 6.46. Found C 57.72, H 7.26, N 6.46%;  IR: v 2919, 2850, 1459, 1335, 1067, 836, 796, 763, 

700, 582 cm-1; NMR (CDCl3): 1H 7.64 (m, 2H, H-11), 7.47 (m, 3H, H12, H-13), 5.14 (d, J = 6.0 Hz, 2H, H-

4), 4.86 (d, J = 6.0 Hz, 2H, H-3), 4.76 (m, 2H, H-15), 3.72 (s, 3H, H-14), 2.59 (spt, J = 7.0 Hz, 1H, H-6), 

2.05 (m, 2H, H-16), 1.86 (s, 3H, H-1), 1.44 (m, 2H, H-17), 1.27 (m, 16H, H-18 - H-25), 1.14 (d, J = 7.0 Hz, 

6H, H-7), 0.88 (m, 3H, H-26); 13C{1H} 160.1 (C-8), 148.0 (C-9), 132.2, 129.9, 129.1, 128.2 (C-10 – C-13), 
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105.0 (C-5), 97.2 (C-2), 84.5 (C-4), 84.3 (C-3), 55.2 (C-15), 37.0 (C-14), 32.1, 31.4 (dodecyl CH2), 30.8 (C-

6), 29.8, 29.8, 29.8, 29.7, 29.6, 29.5, 27.1, 22.9 (dodecyl CH2), 22.7 (C-7), 18.5 (C-1), 14.3 (C-26);  ESI: m/z 

598.250 ([M-Cl]+, calc for C31H47N3RuCl 598.251) 
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Complex 4d:  3d (169 mg, 0.5 mmol, 1 equiv), Ag2O (58 mg, 0.25 mmol, 0.5 equiv) and NMe4Cl (55 mg, 

0.5 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 20 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (20 mL), [Ru(η6-p-

cymene)Cl2]2 (153 mg, 0.25 mmol, 0.5 equiv) was added and stirred for a further 2 h.  The orange solution 

was filtered through celite, concentrated (ca 2 mL) and Et2O (40 mL) was added.  Storage at -4 °C resulted 

in precipitation of an orange solid which was isolated by filtration, washed with Et2O (2 x 5 mL) and dried in 

vaccuo.  Yield:  154 mg (56%).  MP:  191–192 ºC (decomp); C26H29N3RuCl2·½H2O requires C 55.32, H 

5.36, N 7.44%. Found C 55.07, H 5.08, N 7.45%;  IR: v 2991, 1456, 1342, 1153, 1061, 856, 766, 741, 699, 

601 cm-1;  NMR (CDCl3): 1H 7.71 (m, 2H, Ar-H), 7.49 (m, 3H, Ar-H), 7.37 (m, 5H, Ar-H), 6.28 (s, 2H, H-

15), 5.12 (d, J = 6.0 Hz, 2H, H-4), 4.73 (d, J = 6.0 Hz, 2H, H-3), 3.74 (s, 3H, H-14), 2.47 (spt, J = 7.0 Hz, 

1H, H-6), 1.60 (s, 3H, H-1), 1.07 (d, J = 7.0 Hz, 6H, H-7); 13C{1H} 161.9 (C-8), 148.9 (C-9), 136.8, 132.2, 

130.1, 129.0, 128.8, 128.2, 128.2, 128.1 (all Ar-C), 105.9 (C-5), 96.8 (C-2), 85.1 (C-4), 83.6 (C-3), 57.5 (C-

16), 37.3 (C-14), 30.6 (C-6), 22.7 (C-7), 18.2 (C-1);  ESI: m/z 520.108 ([M-Cl]+, calc for C26H29N3RuCl 

520.110) 
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Complex 4e:  3e (288 mg, 0.5 mmol, 1 equiv), Ag2O (58 mg, 0.25 mmol, 0.5 equiv) and NMe4Cl (55 mg, 

0.5 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (10 mL), [Ru(η6-p-

cymene)Cl2]2 (153 mg, 0.25 mmol, 0.5 equiv) was added and stirred for a further 2 h.  The orange solution 
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was filtered through celite, evaporated to dryness, redissolved in MeOH (ca 2 mL) and Et2O (40 mL) were 

added.  Storage at -4 °C resulted in precipitation of an orange solid which was isolated by filtration, washed 

with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  333 mg (84%).  MP: 122-127 ºC;  

C33H41N3O9RuCl2·⅓CH2Cl2 requires C 48.59, H 5.10, N 5.10%. Found C 48.46, H 5.06, N 5.03%;  IR: v 

1746, 1365, 1211, 1033, 773, 702, 595 cm-1; NMR (CDCl3): 1H 7.66 (m, 2H, H-11), 7.51 (m, 3H, H-12, H-

13), 7.13 (d, J = 9 Hz, 1H, H-15), 5.94 (t, J = 9 Hz, 1H, H-16), 5.36 (t, J = 9 Hz, 1H, H-17), 5.28 (t, J = 9 Hz, 

1H, H-18), 5.23 (d, J = 6.3 Hz, 1H, H-4), 5.14 (d, J = 6.3 Hz, 1H, H-4), 4.87 (d, J = 6.3 Hz, 1H, H-3), 4.82 

(d, J = 6.3 Hz, 1H, H-3), 4.30 (m, 1H, H-20), 4.22 (m, 1H, H-19), 4.19 (m, 1H, H-20), 3.81 (s, 3H, H-14), 

2.57 (spt, J = 7.0 Hz, 1H, H-6), 2.08, 2.05, 2.09, 1.99 (OAc), 1.86 (s, 3H, H-1), 1.20 (d, J = 7.0 Hz, 6H, H-7), 

1.13 (d, J = 7.0 Hz, 6H, H-7);  13C{1H} 170.8, 170.1, 169.7, 169.1 (C=O), 165.9 (C-8), 148.5 (C-9), 132.2, 

130.4, 128.5, 128.3 (C-10 – C-13), 105.6 (C-5), 97.0 (C-2), 86.7 (C-15), 86.0, 85.6 (C-4), 84.3, 83.8 (C-3), 

74.4 (C-19), 74.1 (C-17), 71.1 (C-16), 68.1 (C-18), 61.9 (C-20), 37.9 (C-14), 30.7 (C-6), 22.8, 22.6 (C-7), 

21.1, 21.0, 21.0, 20.8 (OAc), 18.4 (C-1); ESI: m/z 760.155 ([M-Cl]+, calc for C33H41N3O9RuCl 760.158) 
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Complex 4f:  3f (204 mg, 0.5 mmol, 1 equiv), Ag2O (58 mg, 0.25 mmol, 0.5 equiv) and NMe4Cl 

(56 mg, 0.5 mmol, 1 equiv.) were stirred in CH2Cl2/MeCN (1:1, 20 mL) in a foil-covered flask for 

18 h to give a cloudy white solution.  The solvent was removed completely and redissolved in 

CH2Cl2 (10 mL), [Ru(η6-p-cymene)Cl2]2 (153 mg, 0.25 mmol, 0.5 equiv) was added and stirred for 

a further 2.5 h.  The orange solution was filtered through celite, evaporated to dryness, redissolved 

in CHCl3 (ca 2 mL) and Et2O (40 mL) was added.  Storage at -4 °C resulted in precipitation of and 

orange solid which was isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  

Yield:  181 mg (58%);  MP > 360 °C;  C31H39N3RuCl2·½H2O requires C 58.66, H 6.36, N 6.62.  

Found C 58.44, H 6.36, N 6.65%;  IR v 2959, 2865, 1468, 1445, 1259, 1149, 1061, 1022, 990, 856, 

796, 786, 753, 706 cm-1; NMR (CDCl3) 1H: 8.09 (m, 2H, H-11), 7.60 (m, 3H, H-12, H-13), 7.39 (t, 

J = 7.7 Hz, 1H, H-18), 7.15 (d, J = 7.7 Hz, 2H, H-17), 5.11 (d, J = 5.7 Hz, 2H, H-4), 4.10 (d, J = 5.7 

Hz, 2H, H-3), 3.98 (s, 3H, H-14), 2.97 (spt, J = 6.8 Hz, 1H, H-6), 2.53 (spt, J = 6.8 Hz, 2H, H-19), 

1.87 (s, 3H, H-1), 1.31 (d, J = 6.8 Hz, 6H, H-20), 1.19 (d, J = 6.8 Hz, 6H, H-7), 1.01 (d, J = 6.8 Hz, 

H-20); 13C{1H} 163.4 (C-8), 147.4 (C-9), 145.1 (C-16), 138.4 (C-15), 132.2 (Ar-C), 130.4 (Ar-C), 

130.3 (C-18), 130.1 (Ar-C), 128.9 (Ar-C), 123.0 (C-17), 107.9 (C-5), 98.2 (C-2), 89.5 (C-4), 79.6 
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(C-3), 37.8 (C-14), 30.4 (C-6), 28.7 (C-19), 25.3 (C-20), 23.1 (C-20), 22.8 (C-7), 18.4 (C-1);  ESI: 

m/z 590.189 ([M-Cl]+, calc for C31H39N3RuCl 590.188) 
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1.5 Synthesis of osmium(II) tzNHC complexes, Os(η6-p-cymene)(tzNHC)Cl2  

Complex 5a:  3a (37 mg, 0.13 mmol, 1 equiv), Ag2O (15 mg, 0.07 mmol, 0.5 equiv) and NMe4Cl (16 mg, 

0.14 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (6 mL), [Os(η6-p-

cymene)Cl2]2 (52 mg, 0.07 mmol, 0.5 equiv) was added and stirred for a further 2 h.  The yellow solution 

was filtered through celite, concentrated (ca 1 mL) and hexanes (20 mL) were added.  Storage at -4 °C 

resulted in precipitation of a yellow solid which was isolated by filtration, washed with Et2O (2 x 5 mL) and 

dried in vaccuo.  Yield:  42 mg (64%).  MP:  223-224 °C;  C21H27N3OsCl2·½H2O requires 42.56, H 4.77, N 

7.09. Found C 42.44, H 4.65, N 7.02%;  IR: v 1339, 1070, 1057, 837, 791, 758, 700, 584 cm-1;  NMR 

(CDCl3) 1H 7.55 (m, 2H, H-11), 7.45 (m, 2H, H-12, H-13), 5.40 (d, J = 5.7 Hz, 2H, H-4), 5.15 (d, J = 5.7 

Hz, 2H, H-3), 4.82 (q, J = 7.2 Hz, 2H, H-15), 3.70 (s, 3H, H-14), 2.57 (spt, J = 6.9 Hz, 1H, H-6), 1.97 (s, 3H, 

H-1), 1.64 (t, J = 7.2 Hz, 3H, H-16), 1.14 (d, J = 6.9 Hz, 6H, H-7);  13C{1H}: 148.6 (C-8), 147.9 (C-9), 

132.3, 129.9, 128.8, 128.0 (C-10 – C-13), 96.7 (C-5), 88.9 (C-2), 76.3 (C-4), 74.8 (C-3), 50.0 (C-15), 37.0 

(C-14), 31.0 (C-6), 23.1 (C-7), 18.7 (C-1), 16.6 (C-16);  ESI: m/z 548.149 ([M-Cl]+, calc for C21H27N3OsCl 

548.150) 
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Complex 5b:  3b (83 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (27 mg, 

0.25 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (5 mL), [Os(η6-p-
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cymene)Cl2]2 (99 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 90 min.  The yellow 

solution reduced in volume (ca 1 mL) and hexanes were added. Storage  at -4 °C gave a yellow solid which 

was isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  136 mg (86%).  

MP:197-203 °C; C25H35N3OsCl2·½H2O requires C 46.29, H 5.60, N 6.48.  Found C 46.46, H 5.52, N 

6.45%;  IR: 2922, 2866, 1445, 1337, 1066, 841, 793, 766, 700, 582 cm-1;  NMR (CDCl3): 1H δ 7.56 (m, 2H, 

H-11), 7.45 (m, 3H, H-12, H-13), 5.40 (d, J = 5.5 Hz, 2H, H-4), 5.13 (d, J = 5.5 Hz, 2H, H-3), 4.72 (m, 2H, 

H-15), 3.70 (s, 3H, H-14), 2.56 (spt, J = 7.0 Hz, 1H, H-6), 2.08 (m, 2H, H-16), 1.96 (s, 3H, H-1), 1.46 (m, 

2H, H-17), 1.36 (m, 4H, H-18 and H-19), 1.15 (d, J = 7.0 Hz, 6H, H-7), 0.91 (m, 3H, H-20); 13C{1H} 148.5 

(C-8), 147.7 (C-9), 132.3, 129.9, 128.9, 128.0 (C-10 – C-13), 96.3 (C-5), 88.9 (C-2), 76.5 (C-4), 74.9 (C-3), 

54.9 (C-15), 37.0 (C-14), 31.7 (hexyl CH2), 31.5 (C-16), 31.1 (C-6), 26.7 (C-17), 23.2 (C-7), 22.7 (hexyl 

CH2), 18.7 (C-1), 14.2 (C-20);  ESI: m/z 604.235 ([M-Cl]+, calc for C25H35N3OsCl 604.204) 
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Complex 5c: 3c (103 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (27 mg, 

0.25 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (10 mL), [Os(η6-p-

cymene)Cl2]2 (99 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 90 min.  The yellow 

solution was reduced in volume (ca 1 mL), hexanes were added and storage at -4 °C gave a yellow solid 

which was isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  137 mg (77%).  

MP: 181-182 °C;  C31H47N3Cl2Os·½H2O requires C 50.80, H 6.61, N 5.74.  Found C 50.84, H 6.56, N 

5.88%;  IR: v 2920, 2851, 1457, 1336, 1068, 842, 794, 763, 700, 584 cm-1;  NMR (CDCl3): 1H 7.57 (m, 2H, 

H-11), 7.46 (m, 3H, H-12, H-13), 5.13 (d, J = 5.5 Hz, 2H, H-4), 4.72 (d, J = 5.5 Hz, 2H, H-3), 4.72 (m, 2H, 

H-15), 3.69 (s, 3H, H-14), 2.59 (br s, J = 7.0 Hz, 1H, H-6), 2.08 (m, 2H, H-16), 2.00 (s, 3H, H-1), 1.44 (m, 

2H, H-17), 1.27 (m, 16H, H-18 - H-25), 1.15 (d, J = 7.0 Hz, 6H, H-7), 0.88 (m, 3H, H-26); 13C{1H}:  148.5 

(C-8), 147.8 (C-9), 132.3, 129.9, 128.9, 128.0 (C-10 – C-13), 96.3 (C-5), 88.9 (C-2), 76.5 (C-4), 74.9 (C-3), 

55.0 (C-15), 37.0 (C-14), 32.1, 31.5 (dodecyl CH2), 31.1 (C-6), 29.8, 29.8, 29.8, 29.7, 29.6, 29.5, 27.1 

(dodecyl CH2), 23.2 (C-7), 22.9 (CH2), 18.7 (C-1), 14.3 (C-26);  ESI:  m/z 688.307 ([M-Cl]+, calc for 

C31H47N3OsCl 688.306) 
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Complex 5d: 3d (84 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (27 mg, 

0.25 mmol, 1 equiv.) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (10 mL), [Os(η6-p-

cymene)Cl2]2 (99 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 1 h.  The yellow solution 

was reduced in volume (ca 1 mL), Et2O was added and storage at -4 °C gave a yellow solid which was 

isolated by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  116 mg (72%).  MP:  207.8–

209.6 ºC (decomp);  C26H29N3Cl2Os requires C 48.44, H 4.53, N 6.52. Found: C 48.12, H 4.35, N 6.46%;  

IR: v 2960, 1456, 1344, 1151, 1062, 861, 765, 741, 728, 698, 601 cm-1; NMR (CDCl3) 1H  7.63 (m, 2H, Ar-

H), 7.47 (m, 3H, Ar-H), 7.36 (m, 5H, Ar-H), 6.22 (s, 2H, H-15), 5.14(d, J = 5.8 Hz, 2H, H-4), 5.03 (d, J = 

5.8 Hz, 2H, H-3), 3.70 (s, 3H, H-14), 2.46 (spt, J = 7.0 Hz, 1H, H-6), 1.75 (s, 3H, H-1), 1.09 (d, J = 7.0 Hz, 

6H, H-7);  13C{1H} 149.3 (C-8), 148.5 (C-9), 136.8, 132.4, 130.1, 128.8, 128.2, 128.2, 128.1, 128.1 (C-10 – 

C-13, C-16 – C-19), 97.0 (C-5), 88.4 (C-2), 77.3 (C-4), 74.3 (C-3), 57.5 (C-15), 37.2 (C-14), 30.9 (C-6), 23.2 

(C-7), 18.4 (C-1);  ESI: m/z 610.166 ([M-Cl]+, calc for C26H29N3OsCl 610.166).  X-Ray quality crystals 

were grown by vapour diffusion of Et2O into a CH2Cl2 solution of 5d at -4 ºC.   
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Complex 5e: 3e (144 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (27 mg, 

0.25 mmol, 1 equiv) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (10 mL), [Os(η6-p-

cymene)Cl2]2 (99 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 1 h.  The yellow solution 

was filtered through celite and the solvent removed.  The yellow/brown glass was crystallized from 

MeOH/Et2O at -4 °C to give a yellow solid which was isolated by filtration, washed with Et2O (2 x 5 mL) 

and dried in vaccuo.  Yield:  153 mg (69%).  MP: 141.3–141.9 ºC (decomp);  C33H41N3O9Cl2Os·½CH2Cl2 

requires C 43.39, H 4.56, N 4.53.  Found C 43.63, H 4.48, N 4.49%;  IR: v 1745, 1431, 1365, 1211, 1032, 

773, 702, 597 cm-1; NMR (CDCl3): 1H 7.59 (m, 2H, H-11), 7.46 (m, 3H, H-11, H-12), 6.93 (d, J = 9.8 Hz, 

1H, H-15), 5.94 (t, J = 9.5 Hz, 1H, H-16), 5.47 (d, J = 5.5 Hz, 1H, H-4), 5.43 (d, J = 5.5 Hz, 1H, H-4), 5.37 
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(t, J = 9.4 Hz, 1H, H-17), 5.27 (t, J = 9.5 Hz, 1H, H-18), 5.17 (d, J = 5.5Hz, 1H, H-3), 5.08 (d, J = 5.5 Hz, 

1H, H-3), 4.30 (dd, J = 12.6, 4.9 Hz, 1H, H-20), 4.19 (dd, J = 12.6, 2.2 Hz, 1H, H-20), 4.14 (ddd, J = 12.6, 

4.9, 2.2 Hz, 1H, H-19), 3.77 (s, 3H, H-14), 2.56 (spt, J = 6.9 Hz, 1H, H-6), 2.08, 2.06, 2.03, 2.00 (OAc), 1.96 

(s, 3H, H-1), 1.20 (d, J = 6.9 Hz, 3H, H-7), 1.15 (d, J = 6.9 Hz, 3H, H-7); 13C{1H} 170.7, 170.1, 169.7, 169.1 

(C=O), 152.1 (C-8), 149.1 (C-9), 132.4, 130.3, 128.3, 128.0 (C-10 – C-13), 96.7 (C-5), 88.7 (C-2), 86.9 (C-

15), 78.4 (C-4), 78.1 (C-4), 74.7 (C-3), 74.5 (C-19), 74.2 (C-3), 74.1 (C-17), 71.0 (C-16), 68.1 (C-18), 62.0 

(C-20), 37.9 (C-14), 30.9 (C-6), 23.4 (C-7), 22.9 (C-7), 21.1, 20.8, 20.7, 20.7 (OAc), 18.5 (C-1);  ESI:  m/z 

850.213 ([M-Cl]+, calc for C33H41N3O9OsCl 850.214). 
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Complex 5f:  3f (102 mg, 0.25 mmol, 1 equiv), Ag2O (29 mg, 0.13 mmol, 0.5 equiv) and NMe4Cl (29 mg, 

0.25 mmol, 1 equiv.) were stirred in CH2Cl2/MeCN (1:1, 10 mL) in a foil-covered flask for 18 h to give a 

cloudy white solution.  The solvent was removed completely and redissolved in CH2Cl2 (5 mL), [Os(η6-p-

cymene)Cl2]2 (99 mg, 0.13 mmol, 0.5 equiv) was added and stirred for a further 1.5 h.  The orange solution 

was filtered through celite, evaporated to dryness, redissolved in CHCl3 (ca 20 mL) and gravity filtered.  

Hexane (50 mL) was added.  Storage at -4 °C resulted in precipitation of an orange solid which was isolated 

by filtration, washed with Et2O (2 x 5 mL) and dried in vaccuo.  Yield:  61 mg (34%).  MP:  217.8–219.7 

°C;  C31H39N3Cl2Os·½CH2Cl2 requires C 49.92, H 5.32, N 5.55.  Found C 50.26, H 5.44, N 5.65%; IR: v 

2957, 1466, 1344, 1264, 1149, 1058, 992, 861, 804, 786, 754, 726, 702, 617 cm-1; NMR (CDCl3) 1H:  8.03 

(m, 2H, H-11), 7.57 (m, 3H, H-12, H-13), 7.40 (t, J = 7.7 Hz, 1H, H-18), 7.17 (d, J = 7.7 Hz, 2H, H-17), 5.33 

(d, J = 5.5 Hz, 2H, H-4), 4.50 (d, J = 5.5 Hz, 2H, H-3), 3.96 (s, 3H, H-14), 2.86 (spt, J = 6.9 Hz, 1H, H-6), 

2.59 (spt, J = 6.9 Hz, 2H, H-19), 1.97 (s, 3H, H-1), 1.34 (d, J = 6.9 Hz, 6H, H-20), 1.15 (d, J = 6.9 Hz, 6H, 

H-7), 1.02 (d, J = 6.9 Hz, 6H, H-20);  13C{1H} 148.9 (C-9), 147.8 (C-8), 145.3 (C-16), 138.4 (C-15), 132.3 

(C-12), 130.4 (C-13), 130.2 (C-10) , 130.1 (C-18), 128.9 (C-11), 123.0 (C-17), 99.5 (C-5), 89.5 (C-2), 81.8 

(C-4), 70.7 (C-3), 37.7 (C-14), 30.5 (C-6), 28.8 (C-19), 25.3 (C-20), 23.2 (C-7), 23.1 (C-20), 18.4 (C-1);  

ESI: m/z 680.243 ([M-Cl]+, calc for C31H39N3OsCl 680.244) 
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2. NMR spectra of selected compounds 

 

 

Figure S1: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4a 
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Figure S2: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5a 
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Figure S3: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4b 
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Figure S4:  (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5b 
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Figure S5: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4c 
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Figure S6: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5c 
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Figure S7: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4d 
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Figure S8: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5d 
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Figure S9: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4e 
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Figure S10: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5e 
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Figure S11: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 4f 
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Figure S12: (top) 1H and (bottom) 13C{1H} NMR spectra (CDCl3) of 5f 
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3. ESI-MS of selected compounds 

 

 

Figure S13:  Selected positive ion ESI-MS of 4e in H2O, showing loss of one ([4e-Cl]+) and two ([4e-
2Cl+formate]+, [4e-2Cl]2+) chloride ligands (note formate adduct arises from residual formic acid in the mass 
spectrometer).  
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Figure S14:  Selected positive ion ESI-MS of 5e in H2O, showing loss of one ([5e-Cl]+) and two ([5e-

2Cl+formate]+, [5e-2Cl]2+) chloride ligands (note formate adduct arises from residual formic acid in the mass 

spectrometer). 
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Figure S15:  ESI-MS of a) Ub; b) Ub+5b, 1;5 ratio, after 1 day; c) Ub+5b, 1;5 ratio, after 5 days.  Peaks 

labeled with * in b) and c) correspond to Ub. 
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Figure S16:  Deconvoluted mass spectra of a) Ub + RAPTA-C, 1:5, 18 h; b) Ub + RAPTA-C, 1:5, 7 days; c) 
Ub + 4b, 1:5, 1 day; d) Ub + 4b, 5 days  

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



33 
 

4. References 

 
1. J. Huang, J.-T. Hong and S. H. Hong, Eur. J. Org. Chem, 2012, 2012, 6630-6635. 

2. K. J. Kilpin, U. S. D. Paul, A.-L. Lee and J. D. Crowley, Chem. Commun., 2011, 47, 328-330. 

3. M. A. Bennett and A. K. Smith, J. Chem. Soc. Dalton Trans., 1974, 233-241. 

4. H. Werner and K. Zenkert, J. Organomet. Chem., 1988, 345, 151-166. 

 

 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013


	USupporting Information
	Kelly. J. Kilpin,PaP* Stéphanie Crot,PaP Tina Riedel,PaP Jonathan A. KitchenPbP and Paul J. DysonPaP*
	Table of Contents
	1 Synthesis and characterisation
	1.1 General
	1.2 Synthesis of 1-substituted-4-phenyl-1H-1,2,3-triazoles
	1.4 Synthesis of ruthenium(II) tzNHC complexes, Ru(ηP6P-p-cymene)(tzNHC)ClR2R
	1.5 Synthesis of osmium(II) tzNHC complexes, Os(ηP6P-p-cymene)(tzNHC)ClR2R
	2. NMR spectra of selected compounds
	Figure S1: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4a
	Figure S2: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5a
	Figure S3: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4b
	Figure S4:  (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5b
	Figure S5: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4c
	Figure S6: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5c
	Figure S7: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4d
	Figure S8: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5d
	Figure S9: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4e
	Figure S10: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5e
	Figure S11: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 4f
	Figure S12: (top) P1PH and (bottom) P13PC{P1PH} NMR spectra (CDClR3R) of 5f


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



