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Experimental Section

General methods

The manipulations were performed under an atmosphere of dry nitrogen using vacuum-line and standard Schlenk techniques. All reagents were obtained from commercial suppliers and used without further purification. Solvents were dried by standard methods and distilled under nitrogen before use. Allenylidene complexes [Ru(=C=C=CR1R2)(5-C9H7)(PPh3)2][PF6] (R1 = R2 = Ph 1a;1 R1R2 = C12H8 1b;1 R1 = H, R2 = Ph 1c,1 C(Me)=CPh2 1d2) were prepared by following the methods reported in the literature. Infrared spectra were recorded on a Perkin-Elmer 1720-XFT spectrometer. The C and H analyses were carried out with a Perkin-Elmer 2400 microanalyzer. High-resolution mass spectra were recorded using a MAT-95 spectrometer. NMR spectra were recorded on a Bruker DPX300 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 compounds reported in this paper. 

The numbering for the indenyl skeleton in complexes 2-3a-d is as follows:



Synthesis of -alkynyl complexes [Ru{C≡CCR1R2CH2C(Me)=CH2}(5-C9H7)(PPh3)2] (R1 = R2 = Ph 2a; R1R2 = C12H8 2b; R1 = H, R2 = Ph 2c, C(Me)=CPh2 2d). A solution of the corresponding allenylidene complex [Ru(=C=C=CR1R2)(5-C9H7)(PPh3)2][PF6] (1a-d; 1 mmol) in THF (30 cm3) was treated at -20(C with 2-methylallylmagnesium chloride (0.5 M in THF; 2 cm3, 1 mmol) for 30 min. The mixture was allowed to warm to room temperature and the solvent was then removed in vacuo. The resulting solid residue was dissolved in dichloromethane (ca. 5 cm3) and transferred to an Al2O3 (neutral; activity grade I) chromatography column. Elution with a mixture of hexane / diethyl ether (3 / 1) gave an orange band from which complexes 2a-d were isolated after solvent removal. 2a: Yield: 0.759 g, 77% (Found: C, 78.09; H, 5.61. RuC64H54P2 requires C, 77.95; H, 5.52%). /cm-1 C≡C) 2076m (KBr). P (C6D6) 52.10 (s); H (C6D6) 1.88 (s, 3 H, CH3), 3.26 (s, 2 H, CH2), 4.70 (d, 2 H, J(HH) = 2.2, H-1,3), 4.99 and 5.12 (br, 1 H each, =CH2), 5.52 (t, 1 H, J(HH) = 2.2, H-2), 6.44 (m, 2 H, H-4,7 or H-5,6), 6.85-7.59 (m, 42 H, Ph and H-4,7 or H-5,6); C (C6D6) 25.28 (s, CH3), 50.39 (s, CH2), 51.30 (s, C), 73.52 (s, C-1,3), 93.81 (t, 2J(CP) = 22.7, Ru-C), 96.28 (s, C-2), 110.47 (s, C-3a,7a), 114.94 (s, =CH2), 115.66 (s, C), 124.13 and 125.40 (s, C-4,7 and C-5,6), 127.26-143.21 (m, Ph), 150.30 (s, C(CH3)=CH2). 2b: Yield: 0.846 g, 86% (Found: C, 77.99; H, 5.16. RuC64H52P2 requires C, 78.11; H, 5.32%). /cm-1 C≡C) 2084m (KBr). P (C6D6) 53.44 (s); H (C6D6) 1.63 (s, 3 H, CH3), 3.46 (s, 2 H, CH2), 4.75 (d, 2 H, J(HH) = 2.5, H-1,3), 4.80 (br, 2 H, =CH2), 5.48 (t, 1 H, J(HH) = 2.5, H-2), 6.51 and 6.80 (m, 2 H each, H-4,7 and H-5,6), 6.90-7.76 (m, 38 H, Ph and C12H8); C (C6D6) 24.83 (s, CH3), 51.64 (s, CH2), 53.08 (s, C), 74.90 (s, C-1,3), 92.35 (t, 2J(CP) = 24.2, Ru-C), 94.87 (s, C-2), 108.88 (s, C-3a,7a), 109.37 (s, C), 114.98 (s, =CH2), 119.86 and 123.20 (s, C-4,7 and C-5,6), 125.51-142.69 (m, Ph and C12H8), 151.41 (s, C(CH3)=CH2). 2c: Yield: 0.774 g, 85% (Found: C, 76.50; H, 5.40. RuC58H50P2 requires C, 76.55; H, 5.54%). /cm-1 C≡C) 2090m (KBr). P (C6D6) 51.77 and 52.65 (d, 2J(PP) = 30.2); H (C6D6) 1.86 (s, 3 H, CH3), 2.63 (dd, 1 H, J(HH) = 13.7 and 6.5, CH2), 2.83 (dd, 1 H, J(HH) = 13.7 and 8.3, CH2), 4.25 (dd, 1 H, J(HH) = 8.3 and 6.5, CH), 4.65 and 4.74 (br, 1 H each, H-1 and H-3), 4.95 and 5.02 (br, 1 H each, =CH2), 5.58 (br, 1 H, H-2), 6.32 (m, 2 H, H-4, H-5, H-6 or H-7), 6.68-7.47 (m, 37 H, Ph and H-4, H-5, H-6 or H-7); C (C6D6) 23.06 (s, CH3), 41.14 (s, C), 49.31 (s, CH2), 74.68 and 74.78 (s, C-1 and C-3), 91.56 (dd, 2J(CP) = 24.4 and 24.4, Ru-C), 95.89 (s, C-2), 108.79 (s, C-3a and C-7a), 109.92 (s, C), 112.38 (s, =CH2), 122.98, 123.67, 125.36 and 125.79 (s, C-4, C-5, C-6 and C-7), 127.16-144.59 (m, Ph), 146.78 (s, C(CH3)=CH2). 2d: Yield: 0.862 g, 84% (Found: C, 78.21; H, 5.45. RuC67H58P2 requires C, 78.42; H, 5.70%). /cm-1 C≡C) 2087m (KBr). P (C6D6) 53.17 and 53.47 (d, 2J(PP) = 31.6); H (C6D6) 1.68 and 2.29 (s, 3 H each, CH3), 2.72 (dd, 1 H, J(HH) = 13.6 and 5.8, CH2), 2.82 (dd, 1 H, J(HH) = 13.6 and 9.5, CH2), 4.45 (dd, 1 H, J(HH) = 9.5 and 5.8, CH), 4.77 and 4.83 (br, 1 H each, H-1 and H-3), 5.02 and 5.07 (br, 1 H each, =CH2), 5.60 (br, 1 H, H-2), 6.54 and 6.86 (m, 2 H each, H-4, H-5, H-6 and H-7), 7.04-7.61 (m, 40 H, Ph); C (C6D6) 16.88 and 22.47 (s, CH3), 38.42 (s, C), 45.46 (s, CH2), 74.86 (br, C-1 and C-3), 89.90 (dd, 2J(CP) = 24.1 and 24.1, Ru-C), 95.70 (s, C-2), 109.29 and 109.93 (s, C-3a and C-7a), 111.76 (s, =CH2), 112.68 (s, C), 123.44, 123.82, 125.83 and 126.14 (s, C-4, C-5, C-6 and C-7), 126.50-143.96 (m, Ph and C(CH3)=CPh2), 145.06 (s, C(CH3)=CH2).

Synthesis of vinylidene complexes [Ru{=C=C(H)CR1R2CH2C(CH3)=CH2}(5-C9H7)(PPh3)2][BF4] (R1 = R2 = Ph 3a; R1R2 = C12H8 3b; R1 = H, R2 = Ph 3c, C(Me)=CPh2 3d). A diluted solution of HBF4·Et2O in diethyl ether was added dropwise at -20(C to a stirred solution of the corresponding -alkynyl complex [Ru{C≡CCR1R2CH2C(CH3)=CH2}(5-C9H7)(PPh3)2] (2a-d; 1 mmol) in diethyl ether (100 cm3). Immediately, an insoluble solid precipitated but the addition was continued until no further solid was formed. The solution was then decanted, the brown solid washed with diethyl ether (3 x 20 cm3) and dried in vacuo. 3a: Yield: 0.999 g, 93% (Found: C, 71.39; H, 5.12. RuC64H55F4P2B requires C, 71.58; H, 5.16%). /cm-1 BF4-) 1061s (KBr). P (CD2Cl2) 37.17 (s); H (CD2Cl2) 0.75 (s, 3 H, CH3), 2.63 (s, 2 H, CH2), 4.39 (s, 1 H, Ru=C=CH), 4.66 (br, 2 H, H-1,3), 5.30 (m, 4 H, =CH2 and H-4,7 or H-5,6), 5.69 (br, 1 H, H-2), 6.55-7.53 (m, 42 H, Ph and H-4,7 or H-5,6); C (CD2Cl2) 24.11 (s, CH3), 49.76 (s, CH2), 51.27 (s, C), 80.52 (s, C-1,3), 98.91 (s, C-2), 116.96 (s, =CH2), 117.52 (s, C), 117.64 (s, C-3a,7a), 123.86 and 127.35 (s, C-4,7 and C-5,6), 128.64-143.08 (m, Ph), 147.98 (s, C(CH3)=CH2), 342.37 (t, 2J(CP) = 15.4, Ru=C). 3b: Yield: 1.018 g, 95% (Found: C, 71.59; H, 5.06. RuC64H53F4P2B requires C, 71.71; H, 4.98%). /cm-1 BF4-) 1059s (KBr). P (CD2Cl2) 36.16 (s); H (CD2Cl2) 1.06 (s, 3 H, CH3), 2.70 (s, 2 H, CH2), 4.30 (s, 1 H, Ru=C=CH), 4.51 (br, 2 H, H-1,3), 5.20 (br, 2 H, =CH2), 5.30 (br, 1 H, H-2), 5.51 (m, 2 H, H-4,7 or H-5,6), 6.54-7.79 (m, 40 H, Ph, C12H8 and H-4,7 or H-5,6); C (CD2Cl2) 24.32 (s, CH3), 49.43 (s, CH2), 52.09 (s, C), 80.78 (s, C-1,3), 99.07 (s, C-2), 116.05 (s, =CH2), 117.30 (s, C-3a,7a), 118.34 (s, C), 120.83 and 123.77 (s, C-4,7 and C-5,6), 128.12-141.30 (m, Ph and C12H8), 149.82 (s, C(CH3)=CH2), 347.85 (t, 2J(CP) = 17.4, Ru=C). 3c: Yield: 0.938 g, 94% (Found: C, 69.70; H, 5.18. RuC58H51F4P2B requires C, 69.81; H, 5.15%). /cm-1 BF4-) 1058s (KBr). P (CD2Cl2) 38.20 and 40.91 (d, 2J(PP) = 23.0); H (CD2Cl2) 1.60 (s, 3 H, CH3), 2.18 (m, 2 H, CH2), 3.58 (m, 1 H, CH), 4.52 (d, 1 H, J(HH) = 7.7, Ru=C=CH), 4.62 and 4.77 (br, 1 H each, H-1 and H-3), 5.15 and 5.49 (br, 1 H each, =CH2), 5.70 (br, 1 H, H-2), 5.85 (m, 2 H, H-4, H-5, H-6 or H-7), 6.53-7.48 (m, 37 H, Ph and H-4, H-5, H-6 or H-7); C (CD2Cl2) 22.53 (s, CH3), 38.63 (s, C), 48.74 (s, CH2), 83.07 (d, 2J(CP) = 6.6, C-1 or C-3), 83.69 (d, 2J(CP) = 6.4, C-1 or C-3), 98.80 (s, C-2), 113.85 (s, =CH2), 117.33 (s, C), 118.02 (s, C-3a and C-7a), 122.57 and 124.38 (s, C-4, C-5, C-6 or C-7), 127.43-143.36 (m, Ph and C-4, C-5, C-6 or C-7), 145.02 (s, C(CH3)=CH2), 343.64 (dd, 2J(CP) = 16.9 and 16.9, Ru=C). 3d: Yield: 1.014 g, 91% (Found: C, 71.99; H, 5.25. RuC67H59F4P2B requires C, 72.24; H, 5.34%). /cm-1 BF4-) 1059s (KBr). P (CD2Cl2) 36.10 and 39.81 (d, 2J(PP) = 23.5); H (CD2Cl2) 1.44 and 1.77 (s, 3 H each, CH3), 2.04 (m, 2 H, CH2), 3.98 (m, 1 H, CH), 4.32 (d, 1 H, J(HH)= 8.7, Ru=C=CH), 4.84 and 4.97 (br, 1 H each, H-1 and H-3), 5.38 and 5.40 (br, 1 H each, =CH2), 5.85 (m, 2 H, H-4, H-5, H-6 or H-7), 6.04 (br, 1 H, H-2), 6.79-7.56 (m, 42 H, Ph and H-4, H-5, H-6 or H-7); C (CD2Cl2) 15.75 and 22.14 (s, CH3), 37.30 (s, C), 45.38 (s, CH2), 81.82 (d, 2J(CP) = 7.6, C-1 or C-3), 81.97 (d, 2J(CP) = 7.4, C-1 or C-3), 99.46 (s, C-2), 113.55 (s, =CH2), 115.32 (s, C), 115.60 and 118.86 (s, C-3a and C-7a), 123.08, 124.42, 126.97 and 127.10 (s, C-4, C-5, C-6 and C-7), 128.53-142.79 (m, Ph and C(CH3)=CPh2), 143.85 (s, C(CH3)=CH2), 342.38 (dd, 2J(CP) = 16.5 and 16.5, Ru=C).

Synthesis of terminal 1,5-enynes HC≡CCR1R2CH2C(Me)=CH2 (R1R2 = C12H8 4b; R1 = H, R2 = Ph 4c, C(Me)=CPh2 4d). A solution of the corresponding vinylidene complex [Ru{=C=C(H)CR1R2CH2C(CH3)=CH2}(5-C9H7)(PPh3)2][BF4] (3b-d; 1 mmol) in acetonitrile (30 cm3) was heated under reflux for 30 min. The solution was then evaporated to dryness and the resulting solid residue extracted with diethyl ether (ca. 50 cm3) and filtered. A yellow solid containing the nitrile complex [Ru(N≡CMe)(5-C9H7)(PPh3)2][BF4] (5) remains insoluble. The extract was evaporated to dryness and the crude product purified by column chromatography on silica gel with hexane as eluent. Evaporation of the solvent gave terminal 1,5-enynes 4b-d as colorless oils. 4b: Yield: 0.225 g, 92% (HRMS m/z calcd for C19H16 (found): M+= 244.125193 (244.125302)). /cm-1 C=C) 1644m, C≡C) 2116w, (≡C-H) 3311m (Nujol). H (CDCl3) 1.50 (s, 3 H, CH3), 2.29 (s, 1 H, ≡CH), 2.93 (s, 2 H, CH2), 4.45 and 4.70 (d, 1 H each, J(HH) = 1.4, =CH2), 7.37-7.78 (m, 8 H, C12H8); C (CDCl3) 24.04 (s, CH3), 48.51 (s, CC12H8), 48.83 (s, CH2), 69.12 (s, ≡CH), 86.53 (s, ≡C), 115.96 (s, =CH2), 120.02, 124.54, 127.47 and 127.98 (s, CH of C12H8), 139.75 and 140.69 (s, C of C12H8), 147.47 (s, C(CH3)=CH2). 4c: Yield: 0.153 g, 90% (HRMS m/z calcd for C13H14 (found): M+= 170.109544 (170.109678)). /cm-1 C=C) 1642m, C≡C) 2118w, (≡C-H) 3310m (Nujol). H (CDCl3) 1.80 (s, 3 H, CH3), 2.31 (d, 1 H, J(HH) = 2.5, ≡CH), 2.51 (m, 2 H, CH2), 3.84 (m, 1 H, CH), 4.80 and 4.86 (d, 1 H each, J(HH) = 1.2, =CH2), 7.16-7.43 (m, 5 H, Ph); C (CDCl3) 22.33 (s, CH3), 36.31 (s, CH), 46.57 (s, CH2), 71.10 (s, ≡CH), 85.57 (s, ≡C), 112.94 (s, =CH2), 126.81, 127.27 and 128.44 (s, CH of Ph), 141.19 (s, C of Ph), 142.31 (s, C(CH3)=CH2). 4d: Yield: 0.269 g, 94% (HRMS m/z calcd for C22H22 (found): M+= 286.172151 (286.172705)). /cm-1 C=C) 1617m, C≡C) 2114w, (≡C-H) 3312m (Nujol). H (CDCl3) 1.44 and 2.05 (s, 3 H each, CH3), 2.03 (d, 1 H, J(HH) = 2.3, ≡CH), 2.44 and 2.46 (dd, 1 H each, J(HH) = 7.7 and 2.8, CH2), 4.00 (m, 1 H, CH), 4.86 (br, 2 H, =CH2), 7.05-7.22 (m, 10 H, Ph); C (CDCl3) 15.88 and 21.72 (s, CH3), 34.73 (s, CH), 42.69 (s, CH2), 70.23 (s, ≡CH), 86.31 (s, ≡C), 112.84 (s, =CH2), 126.86, 127.00, 128.51, 128.75 and 128.84 (s, CH of Ph), 133.13, 140.32, 142.57, 142.79 and 143.15 (s, C(CH3)=CPh2, C(CH3)=CH2 and C of Ph).

Synthesis of (6-indene)-ruthenium(II) metallacycles 6a,b. A solution of the corresponding vinylidene complex [Ru{=C=C(H)CR1R2CH2C(CH3)=CH2}(5-C9H7)(PPh3)2][BF4] (3a-b; 1 mmol) in dichloromethane (30 cm3) was stirred at room temperature for 3 (6a) or 72 (6b) h. The solution was then evaporated to dryness and the resulting brown solid residue washed with diethyl ether (3 x 10 cm3) and vacuum-dried. The numbering used for protons and carbons in these complexes follows the crystallographic labeling scheme shown in Figure 1. 6a: Yield: 0.934 g, 87% (Found: C, 71.67; H, 5.01. RuC64H55F4P2B requires C, 71.58; H, 5.16%)./cm-1 BF4-) 1058s (KBr). P (CD2Cl2) 28.66 and 34.40 (d, 2J(PP) = 54.0); H (CD2Cl2) 1.09 (d, 3 H, J(HH) = 6.3, H-12), 1.72 (m, 1 H, H-13), 2.03 (dd, 1 H, J(HH) = 12.5 and 12.5, H-13), 3.20 (m, 1 H, H-11), 3.93 (m, 1 H, H-10), 4.01 (m, 1 H, H-1), 4.57 (br, 1 H, H-15), 5.10 (br, 1 H, H-3), 5.57, 5.93, 6.01 and 6.20 (br, 1 H each, H-5, H-6, H-7 and H-8), 6.60 (br, 1 H, H-2), 6.71-7.41 (m, 40 H, Ph); C (CD2Cl2) 22.60 (s, C-12), 35.78 (s, C-11), 43.51 (s, C-13), 51.13 (s, C-1), 52.80 (s, C-14), 80.78 (s, C-10), 86.90, 93.50, 95.57 and 98.32 (s, C-5, C-6, C-7 and C-8), 101.26 (s, C-4 or C-9), 111.63 (d, 2J(CP) = 7.7, C-4 or C-9), 125.95-150.31 (m, Ph), 129.99 and 144.66 (s, C-2 and C-3), 137.91 (s, C-15), 153.95 (dd, 2J(CP) = 16.9 and 11.7, C-16). 6b: Yield: 0.911 g, 85% (Found: C, 71.50; H, 4.91. RuC64H53F4P2B requires C, 71.71; H, 4.98%). /cm-1 BF4-) 1057s (KBr). P (CD2Cl2) 27.75 and 29.48 (d, 2J(PP) = 60.2); H (CD2Cl2) 1.31 (d, 3 H, J(HH) = 6.2, H-12), 1.72 (m, 1 H, H-13), 1.99 (dd, 1 H, J(HH) = 13.3 and 13.3, H-13), 2.73 (m, 1 H, H-11), 3.90 (m, 1 H, H-10), 4.04 (m, 1 H, H-1), 4.89 (br, 1 H, H-15), 5.00 (br, 1 H, H-3), 5.44, 5.52, 5.73 and 5.80 (br, 1 H each, H-5, H-6, H-7 and H-8), 6.41-7.97 (m, 38 H, Ph and C12H8), 6.90 (br, 1 H, H-2); C (CD2Cl2) 22.90 (s, C-12), 38.17 (s, C-11), 42.67 (s, C-13), 53.61 (s, C-1), 55.21 (s, C-14), 77.59 (s, C-10), 82.90, 94.94, 96.03 and 99.21 (s, C-5, C-6, C-7 and C-8), 103.66 (s, C-4 or C-9), 107.27 (d, 2J(CP) = 9.4, C-4 or C-9), 120.36-152.86 (m, Ph and C12H8), 131.00 and 142.73 (s, C-2 and C-3), 138.10 (s, C-15), 148.23 (dd, 2J(CP) = 15.7 and 9.4, C-16).
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