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ANALYTICAL AND SPECTROSCOPIC DATA
General comments

Infrared spectra were recorded on a Perkin-Elmer 1720-XFT spectrometer. The conductivities were measured at room temperature, in ca. 10-3 mol dm-3 acetone solutions, with a Jenway PCM3 conductimeter. The C, H and N analyses were carried out with a Perkin-Elmer 240-B microanalyzer. Mass spectra (FAB) were recorded using a VG Autospec spectrometer, operating in the positive mode; 3-nitrobenzyl alcohol was used as the matrix. NMR spectra were recorded on a Bruker AC300 instrument at 300 MHz (1H), 121.5 MHz (31P) or 75.4 MHz (13C) using SiMe4 or 85% H3PO4 as standards. DEPT experiments have been carried out for all the complexes. 31P-{1H}, 1H and 13C-{1H} NMR spectroscopic data for bimetallic -alkynyl [Ru(C∫CC(R)Ph{CH2C(OMe)=M(CO)5})(5-C9H7)(PPh3)L] 6-10a-c and vinylidene [Ru(=C=C(H)C(R)Ph{CH2C(OMe)=M(CO)5})(5-C9H7)(PPh3)L][BF4] 11-15a-c complexes are collected in Tables 1, 2, 3 and 4.
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[Ru(=C=C=CPh2)(5-C9H7)(PPh3)L][PF6] (L = PMePh2 4a, PMe2Ph 5). 4a: Found: C, 65.62; H, 4.54. C55H45P3F6Ru requires: C, 65.15; H, 4.47. Conductivity (acetone, 20 °C): 134 -1 cm2 mol-1. IR (KBr): 1927 (s) [(C=C=C)] cm-1, 839 (s) [(PF6-)] cm-1. NMR (CDCl3, 20 °C): 31P-{1H} P 31.67 [d, J(PP) = 25.4 Hz, PMePh2], 50.08 [d, J(PP) = 25.4 Hz, PPh3]; 1H H 1.24 [d, 3H, 3J(HP) = 10.0 Hz, PCH3], 5.16 [vt, 1H, J(HH) = J(HH') = 2.6 Hz, H2], 5.27 and 5.63 (m, 1H each one, H1 and H3), 6.60 [d, 1H, J(HH) = 8.3 Hz, H4, H5, H6 or H7], 6.84-7.72 (m, 38H, Ph and H4, H5, H6 or H7); 13C-{1H} C 15.70 [d, J(CP) = 36.0 Hz, PCH3], 84.44 and 85.50 (s, C1 and C3), 96.60 (s, C2), 109.89 and 112.42 (s, C3a and C7a), 122.77 and 124.16 (s, C4, C5, C6 or C7), 128.14-143.50 (m, Ph and C4, C5, C6 or C7), 155.53 (s, C), 208.12 (s, C), 290.15 (vt, 2J(CP) = 2J(CP´) = 18.0 Hz, C); (C3a,7a) = -18.54 (average). 5: Found: C, 62.64; H, 4.43. C50H43P3F6Ru requires: C, 63.09; H, 4.55. Conductivity (acetone, 20 °C): 108 -1 cm2 mol-1. IR (KBr): 1927 (s) [(C=C=C)] cm-1, 839 (s) [(PF6-)] cm-1. NMR (CDCl3, 20 °C): 31P-{1H} P 17.22 [d, J(PP) = 27.8 Hz, PMe2Ph], 52.12 [d, J(PP) = 27.8 Hz, PPh3]; 1H H 0.91 [d, 3H, 3J(HP) = 10.5 Hz, PCH3], 1.76 [d, 3H, 3J(HP) = 10.0 Hz, PCH3], 5.21 and 5.47 (m, 1H each one, H1 and H3), 5.32 (m, 1H, H2), 6.30 [d, 1H, J(HH) = 8.3 Hz, H4, H5, H6 or H7], 6.99-7.69 (m, 33H, Ph and H4, H5, H6 or H7); 13C-{1H} C 17.18 [d, J(CP) = 33.4 Hz, PCH3], 18.00 [d, J(CP) = 36.2 Hz, PCH3], 82.87 and 86.17 (s, C1 and C3), 97.87 (s, C2), 109.54 and 112.37 (s, C3a and C7a), 122.40 and 124.26 (s, C4, C5, C6 or C7), 127.94-143.49 (m, Ph and C4, C5, C6 or C7), 154.69 (s, C), 208.02 (s, C), 293.41 (vt, 2J(CP) = 2J(CP´) = 18.6 Hz, C); (C3a,7a) = -19.74 (average).

[Ru{=C=C=C(H)Ph}(5-C9H7)(PPh3)(PMePh2)][PF6] 4b. Found: C, 61.60; H, 4.30. C49H41P3F6Ru requires: C, 62.75; H, 4.40. Conductivity (acetone, 20 °C): 138 -1 cm2 mol-1. IR (KBr): 1938 (s) [(C=C=C)] cm-1, 838 (s) [(PF6-)] cm-1. NMR (CDCl3, 20 °C): 31P-{1H} P 30.87 [d, J(PP) = 26.8 Hz, PMePh2], 49.50 [d, J(PP) = 26.8 Hz, PPh3]; 1H H 1.25 [d, 3H, 3J(HP) = 9.6 Hz, PCH3], 5.25 and 5.61 (m, 1H each one, H1 and H3), 5.30 (m, 1H, H2), 6.53 [d, 1H, J(HH) = 8.3 Hz, H4, H5, H6 or H7], 6.80-7.80 (m, 33H, Ph and H4, H5, H6 or H7), 8.98 (s, 1H, =C=C=CH); 13C-{1H} C 15.05 [d, J(CP) = 39.6 Hz, PCH3], 85.26 and 86.07 (s, C1 and C3), 96.70 (s, C2), 110.05 [d, 2J(CP) = 3.3 Hz, C3a or C7a], 112.72 [d, 2J(CP) = 3.3 Hz, C3a or C7a], 122.98 and 124.24 (s, C4, C5, C6 or C7), 125.20-142.44 (m, Ph and C4, C5, C6 or C7), 145.60 (s, C), 210.70 (s, C), 302.00 (vt, 2J(CP) = 2J(CP´) = 19.6 Hz, C); C3a,7a) = -19.31 (average).

[Ru(C∫CC(R)Ph{CH2C(OMe)=M(CO)5})(5-C9H7)(PPh3)L] (L = PPh3, R = Ph, M= Cr 6a, W 6b, Mo 6c; L = PPh3, R = H, M= Cr 7a, W 7b; L = PMePh2, R = Ph, M= Cr 8a, W 8b; L = PMePh2, R = H, M= Cr 9a, W 9b; L = PMe2Ph, R = Ph, M= Cr 10a, W 10b). 6a: Found: C, 68.37; H, 4.34. C68H52O6P2CrRu requires: C, 69.20; H, 4.44. IR (KBr): 2082 (w) [(C∫C)] cm-1, 1942 (s), 1978 (w) and 2058 (s) [(C∫O)] cm-1. MS (F.A.B.): m/z 1180 [M+ + 1], 931 [M+ - (CO)5Cr=C(OMe)CH2], 553 [M+ - (CO)5Cr=C(OMe)CH2 - C9H7]. 6b: Found: C, 62.53; H, 4.09. C68H52O6P2RuW requires: C, 62.25; H, 3.99. IR (KBr): 2078 (w) [(C∫C)] cm-1, 1935 (s), 1975 (w) and 2067 (s) [(C∫O)] cm-1. 6c: Found: C, 67.13; H, 4.69. C68H52O6P2MoRu requires: C, 66.72; H, 4.28. IR (KBr): 2082 (w) [(C∫C)] cm-1, 1940 (s), 1980 (w) and 2068 (s) [(C∫O)] cm-1. 7a: IR (KBr): 2098 (w) [(C∫C)] cm-1, 1933 (s), 1981 (m) and 2059 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1105 [M+ + 1], 964 [M+ - 5CO], 855 [M+ - (CO)5Cr=C(OMe)CH2], 741 [M+ - (CO)5Cr=C(OMe)CH2CPh2C∫C]. 7b: IR (KBr): 2097 (w) [(C∫C)] cm-1, 1934 (s), 1977 (m) and 2067 (m) [(C∫O)] cm-1. 8a: IR (KBr): 2079 (w) [(C∫C)] cm-1, 1938 (s), 1979 (m) and 2060 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1119 [M+ + 1], 978 [M+ - 5CO], 869 [M+ - (CO)5Cr=C(OMe)CH2]. 8b: IR (KBr): 2078 (w) [(C∫C)] cm-1, 1929 (s), 1977 (m) and 2069 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1251 [M+ + 1], 869 [M+ - (CO)5W=C(OMe)CH2], 679 [M+ - (CO)5W=C(OMe)CH2CPh2C∫C]. 9a: IR (KBr): 2093 (w) [(C∫C)] cm-1, 1933 (s), 1983 (m) and 2060 (m) [(C∫O)] cm-1. 9b: IR (KBr): 2093 (w) [(C∫C)] cm-1, 1925 (s), 1979 (m) and 2068 (m) [(C∫O)] cm-1. 10a: IR (KBr): 2081 (w) [(C∫C)] cm-1, 1929 (s), 1981 (m) and 2059 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1057 [M+ + 1], 916 [M+ - 5CO], 807 [M+ - (CO)5Cr=C(OMe)CH2], 617 [M+ - (CO)5Cr=C(OMe)CH2CPh2C∫C]. 10b: IR (KBr): 2080 (w) [(C∫C)] cm-1, 1921 (s), 1977 (m) and 2067 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1189 [M+ + 1], 807 [M+ - (CO)5W=C(OMe)CH2], 617 [M+ - (CO)5W=C(OMe)CH2CPh2C∫C]. Complexes 7a, 7b, 8a, 8b, 9a, 9b, 10a and 10b were too sensitive to moisture and oxygen to give satisfactory elemental analyses.

[Ru(=C=C(H)C(R)Ph{CH2C(OMe)=M(CO)5})(5-C9H7)(PPh3) L][BF4] (L = PPh3, R = Ph, M= Cr 11a, W 11b, Mo 11c; L = PPh3, R = H, M= Cr 12a, W 12b; L = PMePh2, R = Ph, M= Cr 13a, W 13b; L = PMePh2, R = H, M= Cr 14a, W 14b; L = PMe2Ph, R = Ph, M= Cr 15a, W 15b). 11a: Found: C, 63.37; H, 4.07. C68H53O6F4P2BCrRu requires: C, 64.41; H, 4.21. Conductivity (acetone, 20 °C): 132 -1 cm2 mol-1. IR (KBr): 1061 (s) [(BF4-)] cm-1, 1939 (s), 1978 (w) and 2059 (m) [(C∫O)] cm-1. 11b: Found: C, 58.11; H, 3.75. C68H53O6F4P2BRuW requires: C, 58.34; H, 3.81. Conductivity (acetone, 20 °C): 100 -1 cm2 mol-1. IR (KBr): 1057 (s) [(BF4-)] cm-1, 1939 (s), 1978 (w) and 2059 (m) [(C∫O)] cm-1. 11c: Found: C, 61.54; H, 3.89. C68H53O6F4P2BMoRu requires: C, 62.27; H, 4.07. Conductivity (acetone, 20 °C): 107 -1 cm2 mol-1. IR (KBr): 1060 (s) [(BF4-)] cm-1, 1943 (s), 1980 (w) and 2070 (m) [(C∫O)] cm-1. 12a: Conductivity (acetone, 20 °C): 135 -1 cm2 mol-1. IR (KBr): 1060 (m) [(BF4-)] cm-1, 1937 (s), 1980 (w) and 2061 (m) [(C∫O)] cm-1. 12b: Conductivity (acetone, 20 °C): 137 -1 cm2 mol-1. IR (KBr): 1058 (m) [(BF4-)] cm-1, 1934 (s), 1981 (w) and 2070 (m) [(C∫O)] cm-1. 13a: Conductivity (acetone, 20 °C): 125 -1 cm2 mol-1. IR (KBr): 1058 (m) [(BF4-)] cm-1, 1934 (s), 1986 (w) and 2062 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1119 [M+ + 1], 978 [M+ - 5CO], 869 [M+ - (CO)5Cr=C(OMe)CH2], 679 [M+ - (CO)5Cr=C(OMe)CH2CPh2C∫C]. 13b: Conductivity (acetone, 20 °C): 125 -1 cm2 mol-1. IR (KBr): 1059 (m) [(BF4-)] cm-1, 1931 (s), 1984 (w) and 2070 (m) [(C∫O)] cm-1. 14a: Conductivity (acetone, 20 °C): 137 -1 cm2 mol-1. IR (KBr): 1060 (m) [(BF4-)] cm-1, 1937 (s), 1982 (w) and 2062 (m) [(C∫O)] cm-1. 14b: Conductivity (acetone, 20 °C): 134 -1 cm2 mol-1. IR (KBr): 1057 (m) [(BF4-)] cm-1, 1934 (s), 1984 (w) and 2070 (m) [(C∫O)] cm-1. 15a: Conductivity (acetone, 20 °C): 135 -1 cm2 mol-1. IR (KBr): 1060 (m) [(BF4-)] cm-1, 1932 (s), 1985 (w) and 2062 (m) [(C∫O)] cm-1. 15b: Conductivity (acetone, 20 °C): 140 -1 cm2 mol-1. IR (KBr): 1061 (m) [(BF4-)] cm-1, 1929 (s), 1983 (w) and 2069 (m) [(C∫O)] cm-1. MS (F.A.B.): m/z 1189 [M+ + 1], 807 [M+ - (CO)5W=C(OMe)CH2], 617 [M+ - (CO)5W=C(OMe)CH2CPh2C∫C]. Complexes 12a, 12b, 13a, 13b, 14a, 14b, 15a and 15b were too sensitive to moisture and oxygen to give satisfactory elemental analyses.

[(CO)5W{=C(OMe)CH2C(R)Ph(C∫CH)}] (R = Ph 16a, H 16b). 16a: IR (CH2Cl2): 1937 (s), 1975 (w) and 2070 (m) [(C∫O)] cm-1, 2017 (w) [(C∫C)] cm-1. NMR (C6D6, 20 °C): 1H H 2.16 (s, 1H, C∫CH), 3.70 (s, 3H, OCH3), 4.27 (s, 2H, CH2), 6.95-7.36 (m, 10H, Ph); 13C-{1H} C 48.90 (s, C), 69.77 (s, ∫CH), 73.59 (s, CH2), 74.48 (s, OCH3), 87.29 (s, ∫C), 127.05 (s, CH of Ph), 127.28 (s, CH of Ph), 128.64 (s, CH of Ph), 144.62 (s, C of Ph), 197.53 and 203.51 (s, C∫O), 331.54 (s, W=C). 16b: IR (CH2Cl2): 1939 (s), 1980 (w) and 2071 (m) [(C∫O)] cm-1, [(C∫C)] not observed. NMR (C6D6, 20 °C): 1H H 1.91 [d, 1H, J(HH) = 2.6 Hz, C∫CH], 3.04 [dd, 1H, J(HH) = 15.1 Hz, J(HH) = 6.4 Hz, CH2], 3.66 [dd, 1H, J(HH) = 15.1 Hz, J(HH) = 9.0 Hz, CH2], 3.86-3.99 (m, 4H, CH and OCH3), 6.95-7.22 (m, 5H, Ph); 13C-{1H} C 34.84 (s, CH), 69.92 (s, ∫CH), 71.08 (s, CH2), 72.41 (s, OCH3), 84.05 (s, ∫C), 127.54 (s, CH of Ph), 129.02 (s, CH of Ph), 140.03 (s, C of Ph), 197.31 and 203.68 (s, C∫O), 332.42 (s, W=C).

[Ru{C∫CCPh2(C∫N)}(5-C9H7)(PPh3)2] 18. Found: C, 76.35; H, 4.91; N, 1.39. C61H47P2NRu requires: C, 76.55; H, 4.95; N, 1.46. IR (KBr): 2229 (w) [(C∫N)] cm-1, 2075 (w) [(C∫C)] cm-1. NMR (C6D6, 20 °C): 31P-{1H} P 54.27 (s); 1H H 4.57 [d, 2H, J(HH) = 2.3 Hz, H1,3], 5.14 [t, 1H, J(HH) = 2.3 Hz, H2], 6.60 and 6.80 (m, 2H each one, H4,7 and H5,6), 6.90-7.88 (m, 40 H, Ph); 13C-{1H} C 49.29 (s, C), 74.67 (s, C1,3), 94.08 (s, C2), 104.17 (s, C), 109.45 (s, C3a,7a), 109.50 [t, 2J(CP) = 23.4 Hz, Ru-C], 121.92 (s, C∫N), 123.76 and 126.44 (s, C4,7 and C5,6), 127.38-143.68 (m, Ph); (C3a,7a)= -21.25. 

[Ru{=C=C(H)CPh2(C∫N)}(5-C9H7)(PPh3)2][BF4] 19. Found: C, 69.75; H, 4.58; N, 1.25. C61H48F4P2BNRu requires: C, 70.12; H, 4.63; N, 1.34. Conductivity (acetone, 20 °C): 116 -1 cm2 mol-1. IR (KBr): 2260 (w) [(C∫N)] cm-1, 1058 (s) [(BF4-)] cm-1. NMR (CDCl3, 20 °C): 31P-{1H} P 37.22 (s); 1H H 4.38 (s, 1H, Ru=C=CH), 5.57 [d, 2H, J(HH) = 2.6 Hz, H1,3], 5.82 (m, 2H, H4,7 or H5,6), 6.01 [t, 1H, J(HH) = 2.6 Hz, H2], 6.75-7.41 (m, 42 H, Ph and H4,7 or H5,6); 13C-{1H} C 46.16 (s, C), 83.07 (s, C1,3), 99.05 (s, C2), 116.28 (s, C3a,7a), 117.49 (s, C), 121.64 (s, C∫N), 123.44-140.57 (m, Ph, C4,7 and C5,6), 342.38 [t, 2J(CP) = 14.2 Hz, Ru=C]; C3a,7a)= -14.42.

[Ru(C∫CCPh2{C∫N-M(CO)5})(5-C9H7)(PPh3)2] (M = Cr 20a, W 20b, Mo 20c). 20a: Found: C, 69.49; H, 4.18; N, 1.17. C66H47O5P2NCrRu requires: C, 68.98; H, 4.12; N, 1.22. IR (THF): 2280 (w) [(C∫N)] cm-1, 2073 (w) [(C∫C)] cm-1, 1908 (s), 1943 (w) and 2081 (m) [(C∫O)] cm-1. NMR (C6D6, 20 °C): 31P-{1H} P 53.02 (s); 1H H 4.57 [d, 2H, J(HH) = 1.6 Hz, H1,3], 5.20 [t, 1H, J(HH) = 1.6 Hz, H2], 6.51 (m, 2H, H4,7 or H5,6), 6.82-7.57 (m, 42 H, Ph and H4,7 or H5,6); 13C-{1H} C 50.91 (s, C), 74.41 (s, C1,3), 94.75 (s, C2), 101.73 (s, C), 109.71 (s, C3a,7a), 113.60 [t, 2J(CP) = 23.2 Hz, Ru-C], 123.92 and 126.42 (s, C4,7 and C5,6), 127.14-142.41 (m, Ph and C∫N), 214.68 and 219.54 (s, CO); (C3a,7a)= -20.99. 20b: Found: C, 62.03; H, 3.81; N, 1.05. C66H47O5P2NRuW requires: C, 61.88; H, 3.69; N, 1.09. IR (THF): 2280 (w) [(C∫N)] cm-1, 2075 (w) [(C∫C)] cm-1, 1906 (s), 1938 (w) and 2083 (m) [(C∫O)] cm-1. NMR (C6D6, 20 °C): 31P-{1H} P 53.30 (s); 1H H 4.58 [d, 2H, J(HH) = 2.3 Hz, H1,3], 5.18 [t, 1H, J(HH) = 2.3 Hz, H2], 6.50 (m, 2H, H4,7 or H5,6), 6.83-7.57 (m, 42H, Ph and H4,7 or H5,6); 13C-{1H} C 50.92 (s, C), 74.51 (s, C1,3), 94.63 (s, C2), 101.31 (s, C), 109.63 (s, C3a,7a), 114.95 [t, 2J(CP) = 23.2 Hz, Ru-C], 123.91 and 126.46 (s, C4,7 and C5,6), 127.12-142.20 (m, Ph and C∫N), 197.03 and 200.00 (s, CO); C3a,7a)= -21.07. 20c: Found: C, 65.93; H, 3.84; N, 1.25. C66H47O5P2NMoRu: C, 66.44; H, 3.97; N, 1.17. IR (THF): 2230 (w) [(C∫N)] cm-1, 2077 (w) [(C∫C)] cm-1, 1904 (s), 1942 (w) and 2088 (m) [(C∫O)] cm-1. NMR (C6D6, 20 °C): 31P-{1H} P 52.86 (s); 1H H 4.48 (bs, 2H, H1,3), 5.03 (bs, 1H, H2), 6.40 (m, 2H, H4,7 or H5,6), 6.85-7.39 (m, 42H, Ph and H4,7 or H5,6); 13C-{1H} C 51.42 (s, C), 74.87 (s, C1,3), 95.11 (s, C2), 101.69 (s, C), 110.12 (s, C3a,7a), 115.81 [t, 2J(CP) = 22.7 Hz, Ru-C], 124.39 and 126.93 (s, C4,7 and C5,6), 127.60-142.69 (m, Ph and C∫N), 197.37 and 200.35 (s, CO); C3a,7a)= -20.58.
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