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X-Ray characterization of [RuCl2(η6-C6Me6)]2∙2CH2Cl2 

 

 

Figure S1. View of the X-Ray structure of [RuCl2(η6-C6Me6)]2. Displacement ellipsoids are at the 50% 

probability level. Hydrogen atoms have been omitted for clarity. Main bond distances (Å) and angles (°): Ru(1)-

(6-p-cymene)average 2.177(17), Ru(1)-Cl(1) 2.4438(17), Ru(1)-Cl(1)_i 2.4437(17), Ru(1)-Cl(2) 2.417(3), Cl(1)-

Ru(1)-Cl(1)_i 80.29(9), Ru(1)-Cl(1)-Ru(1)_i 99.71(9). Symmetry transformation used to generate equivalent 

atoms: -x+1,-y+1,-z+1.  
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Preparation and characterization of half-sandwich dihalido precursors 

 

Phosphane complexes of general formula [RuX2(PR3)(η6-arene)] (X = Cl, I; PR3 = PPh3, 

PPh2Me, PCy3; Chart S1). 

Chart S1. General structure of [RuX2(PR3)(η6-arene)] complexes P1-P7 (numbering refers to p-cymene carbon 

atoms). 

  
General procedure. A solution of [RuX2(η

6-arene)]2 (arene = C6H6, p-cymene, 1,3,5-C6H3Me3, 

C6Me6; X: Cl, I) and the selected phosphane (PR3, 1.0–1.1 eq. vs Ru) in CH2Cl2 (ca. 5 mL) was stirred 

at room (arene = p-cymene, C6Me6) or reflux (arene = C6H6, 1,3,5-C6H3Me3) temperature overnight. 

The resulting dark red solution was filtered over celite and the filtrate was evaporated under vacuum. 

The residue was triturated in Et2O (P1-P4, P7) or hexane (P5-P6). The suspension was filtered and 

the solid was washed with few mL of the same mixture to remove the unreacted phosphane (controlled 

via silica gel TLC). After a final washing with hexane the solid was dried under vacuum (40 °C). All 

the compounds below described were previously prepared from the appropriate [RuX2(η
6-

arene)]2/PR3 reaction (references are given).  

[RuCl2(PPh3)(η6-C6Me6)], P1. Previously prepared using a large excess of PPh3 (2.0 eq. with respect 

to Ru) in refluxing CHCl3 (2 h) and purified by re-crystallization (80 % yield)1 or with a 

stoichiometric amount of PPh3 (1.1 eq with respect to Ru) in refluxing isopropanol (2 h) and purified 

by re-crystallization (92 % yield).2 Prepared from [RuCl2(η
6-C6Me6)]2 (229 mg, 0.685 mmol Ru) and 

triphenylphosphane (200 mg, 0.762 mmol) in CH2Cl2 according to the general procedure. Yield: 392 

mg, 96 %. Alternatively prepared from [RuCl2(η
6-C6Me6)]2 (156 mg, 0.467 mmol Ru) and 

triphenylphosphane (189 mg, 0.720 mmol) in refluxing iPrOH (8 mL) for 4 h. The resulting orange-
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red solution was treated as described in the general procedure. Yield: 256 mg, 96 %. Orange solid. 

Soluble in CH2Cl2, CHCl3, poorly soluble in MeOH, insoluble in hexane. 1H NMR (CDCl3): δ/ppm 

= 7.81–7.66 (m-br, 6H), 7.55–7.00 (m-br, 9H) (PPh3); 1.74 (s, 18H, C6Me6). 
31P{1H} NMR (CDCl3): 

δ/ppm = 30.0. 

[RuCl2(PPh3)(η6-1,3,5-C6H3Me3)], P2. Synthetic details and characterization data of this compound 

are missing in the literature.3 From [RuCl2(η
6-1,3,5-C6H3Me3)]2 (75 mg, 0.26 mmol Ru) and 

triphenylphosphane (69 mg, 0.26 mmol). Orange solid. Yield: 138 mg, 97 %. 1H NMR (CDCl3): 

δ/ppm = 7.80–7.68 (m, 6H), 7.47–7.30 (m-br, 9H) (PPh3); 4.65 (s, 3H, RuCH); 2.01 (s, 9H, RuCMe). 

31P{1H} NMR (CDCl3): δ/ppm = 32.2. 

[RuCl2(PPh3)(η6-p-cymene)], P3.4 From [RuCl2(η
6-p-cymene)]2 (200 mg, 0.653 mmol Ru) and 

triphenylphosphane (189 mg, 0.719 mmol). Red-orange solid. Yield: 335 mg, 90 %. 1H NMR 

(CDCl3): δ/ppm = 7.88–7.77 (m, 6H), 7.44–7.26 (m, 9H) (PPh3); 5.19 (d, 3JHH = 6.0 Hz, 2H, a4-H); 

4.99 (d, 3JHH = 5.5 Hz, 2H, a3-H); 2.84 (hept, 3JHH = 6.9 Hz, 1H, a6-H); 1.86 (s, 3H, a1-H); 1.09 (d, 

3JHH = 6.9 Hz, 6H, a7-H). 31P{1H} NMR (CDCl3): δ/ppm = 24.8. 

[RuCl2(PPh3)(η6-C6H6)], P4.4 From [RuCl2(η
6-C6H6)]2 (150 mg, 0.600 mmol Ru) and 

triphenylphosphane (182 mg, 0.694 mmol). Orange solid. Yield: 205 mg, 67 %. 1H NMR (CDCl3): 

δ/ppm = 7.80–7.70 (m, 6H), 7.48–7.34 (m, 9H) (PPh3); 5.40 (s, 6H, C6H6). 
31P{1H} NMR (CDCl3): 

δ/ppm = 27.3. 

[RuCl2(PCy3)(η6-p-cymene)], P5.5 From [RuCl2(η
6-p-cymene)]2 (38 mg, 0.12 mmol Ru) and 

tricyclohexylphosphane (70 mg, 0.25 mmol). Burgundy solid. Yield: 56 mg, 78 %. 1H NMR (CDCl3): 

δ/ppm = 5.57, 5.56 (d + d, AB system, 3JHH = 6.3 Hz, 4H, a3-H + a4-H); 2.85 (hept, 3JHH = 7.0 Hz, 

1H, a6-H); 2.40 (app. q, 3JHH = 12.1 Hz, 3H, PCHCy); 2.08 (s, 3H, a1-H); 1.96−1.71, 1.51−1.37 (m, 

CH2, 30H, CH2
Cy); 1.29 (d, 3JHH = 6.9 Hz, 6H, a7-H). 31P{1H} NMR (CDCl3): δ/ppm = 26.0.  

[RuI2(PPh3)(η6-p-cymene)], P6.6 From [RuI2(η
6-p-cymene)]2 (23 mg, 0.047 mmol Ru) and 

triphenylphosphane (13 mg, 0.050 mmol). Burgundy solid. Yield: 21 mg, 60 %. 1H NMR (CDCl3): 

δ/ppm = 7.82–7.72 (m, 6H); 7.42–7.31 (m, 9H) (PPh3); 5.44 (d, 3JHH = 6.1 Hz, 2H, a4-H); 4.91 (d, 
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3JHH = 5.7 Hz, 2H) (a3-H); 3.44 (hept, 3JHH = 6.9 Hz, 1H, a6-H); 1.96 (s, 3H, a1-H); 1.22 (d, 3JHH = 

7.0 Hz, 6H, a7-H). 31P{1H} NMR (CDCl3): δ/ppm = 23.0.  

[RuCl2(PPh2Me)(η6-C6Me6)], P7.1 From [RuCl2(η
6-C6Me6)]2 (150 mg, 0.449 mmol Ru) and 

diphenylmethylphosphane (85 μL, 0.457 mmol). Orange solid. 1H NMR (CDCl3): δ/ppm = 7.82–7.75 

(m, 4H), 7.49–7.38 (m, 6H) (PPh2); 1.92 (d, J = 10.8 Hz, 3H, PMe), 1.76 (s, 18H, C6Me6). 
31P{1H} 

NMR (CDCl3): δ/ppm = 22.7. 
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Figure S2. 1H NMR spectrum (500 MHz, CDCl3) of [RuCl2(PPh3)(η6-1,3,5-C6H3Me3)], P2. 

 

 

Figure S3. 31P{1H} NMR spectrum (202 MHz, CDCl3) of P2. 
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[RuCl2(Py)(η6-C6Me6)], P8 (Chart S2). 

Chart S2. Structure of [RuCl2(Py)(η6-C6Me6)], P8. 

 
To the best of our knowledge, the title compound is unprecedented. A red-orange solution of 

[RuCl2(η
6-C6Me6)]2 in CH2Cl2 (2 mL) was treated with pyridine (1.05 eq. vs Ru) and heated at reflux 

for 2.2 h. Next volatiles were removed under vacuum and the red product was analyzed by 1H NMR 

(CDCl3) before being allowed to react with NaPF6/PhCCH in a CH2Cl2/MeOH mixture (Table S2, 

entry 14). 1H NMR (CDCl3): δ/ppm = 8.82 (d, 3JHH = 5.1 Hz, 1H), 7.70 (t, 3JHH = 7.6 Hz, 1H), 7.34–

7.27 (m, 2H) (Py); 1.99 (s, 18H, C6Me6). 

 

Figure S4. 1H NMR spectrum (500 MHz, CDCl3) of [RuCl2(Py)(η6-C6Me6)], P8. 
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[RuCl2(CO)(η6-C6Me6)] (Chart S3). 

Chart S3. Structure of [RuCl2(CO)(η6-C6Me6)]. 

 
Previously prepared by carbonylation of [RuCl2(η

6-C6Me6)]2 and isolated in 60-70 % yield.7 In a 25 

mL round-bottom Schlenk flask, a red-orange suspension of [RuCl2(η
6-C6Me6)]2 (151 mg, 0.407 

mmol Ru) in CH2Cl2 (13 mL) was stirred under CO atmosphere (via a neoprene balloon). After 2.5 

h, the dark red-blood mixture was filtered over celite to remove a minor amount of a dark brown 

solid. The filtrate was taken to dryness under vacuum and the residue was triturated in a 

Et2O/petroleum ether 1:1 V/V mixture. The suspension was filtered and the resulting burgundy-red 

solid was washed with petroleum ether and dried under vacuum (40 °C). Yield: 147 mg, 90 %. Stored 

under N2. Soluble in CH2Cl2, scarcely soluble in acetone, CHCl3, MeOH, insoluble in Et2O, hexane. 

IR (solid state): ῦ/cm-1 = 2922w, 1986s (CO), 1536w, 1506w, 1435m, 1377m, 1277w, 1263w, 1069m, 

1021w-sh, 1003m, 786w, 738w. IR (CH2Cl2): ῦ/cm-1 = 2026 (CO). 1H NMR (acetone-d6) δ/ppm = 

2.19 (s, C6Me6).  

 

Figure S5. IR spectra of [RuCl2(CO)(η6-C6Me6)] in CH2Cl2 solution (1400-2600 cm-1, yellow-orange line) and 

in the solid state (650-4000 cm-1; blue line). Transmittance of the CO stretching band is normalized. 
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[RuCl(PPh3)(NCMe)(η6-C6Me6)]PF6 (Chart S4). 

Chart S4. Structure of [RuCl(PPh3)(NCMe)(η6-C6Me6)]+. 

 
Previously isolated from the [RuCl2(PPh3)(η

6-C6Me6)](P1)/MeCN/NaPF6 reaction in ca. 27 % yield 

and characterized by 1H/13C/31P NMR (acetone-d6).
8 Herein we describe an optimized method. An 

orange suspension of P1 (130 mg, 0.218 mmol) and NaPF6 (95 mg, 0.57 mmol) in MeCN (20 mL) 

was stirred at room temperature under N2. The reaction was monitored by 31P NMR (MeCN/C6D6) 

until complete conversion of the starting material (see note below). After 48 h, the resulting mixture 

(yellow solution + colorless solid) was taken to dryness under vacuum and the residue was suspended 

in CH2Cl2. The suspension was filtered over Celite and volatiles were removed under vacuum from 

the filtrate, affording a yellow solid. Yield: 117 mg, 72 %. An alternative procedure involved the 

treatment of P1 (138 mg, 0.231 mmol) and KPF6 (43 mg, 0.23 mmol) with non-anhydrous MeCN 

(10 mL) and water (0.8 mL) in air. The mixture was stirred at room temperature overnight then treated 

as above. Yield: 117 mg, 68 %. Non-quantitative conversion of P1 was observed in the following 

conditions (in each case, the % conversion is indicated): NH4PF6 (1 eq.), dry MeCN, RT, 19 h: 80 %; 

KPF6 (2.5 eq.), dry MeCN, RT, 24 h: 68 %; KPF6 (2.5 eq.), dry EtOH/MeCN 2:1 V/V, 75 °C, 5-20 h: 

80-81 %. 1H NMR (acetone-d6): δ/ppm = 7.71–7.61 (m, 6H), 7.61–7.48 (m, 9H) (PPh3); 2.23 (d, 4JHP 

= 1.4 Hz, 3H, CH3CN); 1.91 (≈ s, 4JHP < 1 Hz, 18H, C6Me6). 
31P{1H} NMR (acetone-d6): δ/ppm = 

35.2 (PPh3), − 143.7 (hept, 1JPF = 708 Hz, PF6).  
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Figure S6. 1H NMR spectrum (400 MHz, acetone-d6) of [RuCl(PPh3)(NCMe)(η6-C6Me6)]PF6. 

 

 

Figure S7. 31P{1H} NMR spectrum (162 MHz, acetone-d6) of [RuCl(PPh3)(NCMe)(η6-C6Me6)]PF6. 
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Overview of reaction conditions and products for the activation of 1-alkynes with ruthenium 

η6-arene complexes 

 

Table S1. Conditions and compounds identified in the reactions between [RuCl2(PPh3)(η6-C6Me6)], a chloride 

scavenger MX and phenylacetylene.[a] 

 

Entry ROH 
MX and other 

reactant(s) 
Time 

% C6Me6 species in solution [b] 

P1 [1a-c]+ [2a]+ [3]+ 4a C6Me6 Other [c] 

1 [d] MeOH NaPF6 

1.5 h 18 67 5 3 3 < 1 3 

7 h 7 74 13 1 2 < 1 2 

24.5 h - 63 21 10 1 3 2 

70.5 h - 24 38 21 1 12 4 

2 [d] MeOH AgNO3 5 h 5 - - - 9 37 49 

3 [d] MeOH NH4PF6 22 h 10 - 14 40 7 21 8 

4 [e] MeOH KPF6 2.70 h - 93 5 < 1 1 < 1 1 

5 MeOH NaPF6 

20 min 16  69 5 2 2 < 1 6 

1 h [e] - 95 3 1 - ≤ 1 ≤ 1 

6 h - 84 15 - - 1 - 

17 h - 66 31 1 - 1 1 

24 h  - 54 40 1 - 4 1 

72 h - 21 54 2 - 21 2 

6 MeOH [f] 
NaPF6 

(H2O [f]) 

1 h - 95 3 - - < 1 1 

22 h - 75 22 1 - 1 1 

67 h 

(2.8 d) 
- 48 40 1 - 10 - 

10 d - 2 7 50 - 37 [g] 4 

7 CD3OD [h] 
NaPF6 

(H2O [f]) 
24 h - 48 [h] 42 [h] 2 - 7 1 

8 MeOH 
NaPF6 

H2O (200 eq.) 
1 h - 55 39 < 1 - 5 / 

9 MeOH 
NaPF6 

H2O (300 eq.) 

1 h - 55 34 2 - 6 2 

3 h - 60 35 1 - 2 2 

23 h - 37 16 13 - 33 1 

10 EtOH NaPF6 

1 h 12 71 11 5 - 1 - 

5.8 h - 90 8 1 - < 1 - 

21.8 h - 90 7 2 - 1 - 

11 EtOH NaPF6 9 h - 96 3 < 1 - < 1 - 

12 EtOH 
NaPF6 

H2O (20 eq) 

1 h 4 70 22 2 - < 1 2 

24 h - 67 16 6 - 9 2 

13 iPrOH NaPF6 

1 h 76 - 10 13 - < 2 - 

5.8 h 40 - 49 9 - 2 - 

21.5 h 2 3 55 24 - 7 9 

30 h 3 3 27 40 - 4 23 
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14 - [j] NaPF6 15.5 h 87 - 2 2 - 1 8 

15 - [j] 
NaPF6 

H2O (200 eq) 
18 h 41 - 9 15 - 12 23 

16 MeOH 

NaPF6 

Et3N  

H2O (75 eq.) 

1 h 15 8 4 1 62 1 9 

5 h / 21 16 2 35 4 22 

22 h / 15 24 1 17 11 32 

17 MeOH [f] 

NaPF6 

Et3N (0.5 eq.) 

(H2O [f]) 

1 h 13 46 4 2 23 4 8 

7 h / 66 10 < 1 15 2 6 

24.5 h / 52 23 < 1 4 5 16 

50 h / 34 39 1 4 9 13 

18 MeOH 

NaPF6 

Et3N 

{+ H2O (75 eq.) 

after 1 h} 

1 h 23 - - - 76 < 1 - 

5 h 4 10 9 - 59 4 14 

22.5 h 4 4 13 - 31 13 35 

[b] Based on the relative integrals of C6Me6 signals in the 1H NMR spectrum (CDCl3). The major species in bold. [c] Refers 

to the sum of unidentified η6-C6Me6 complexes. In almost all cases, traces of benzaldehyde were detected (< 1 % of total 

aromatic resonances) that are not included in the percentage. [d] Reaction performed with P1/MX/PhCCH 1.0:1.1:1.1 molar 

ratio. [e] Average result of three (KPF6) or five (NaPF6) reactions. [f] Methanol and dichloromethane stored in air were used 

as solvents. [g] Possibly associated to the appearance of a carbonyl infrared band at 2075 cm-1. [h] In a CD3OD/CD2Cl2 

mixture. Formation of [1a-d5]+ and [2a-d2]+ was observed. [j] Anhydrous THF as solvent. 
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Table S2. Compounds identified in the reactions between [RuCl2(L)(η6-arene)] (P2-P8), NaPF6 (2.0 eq) and 

arylacetylenes (4-C6H4R)CCH (4.0 eq) in anhydrous CH2Cl2/MeOH 2:1 V/V as solvent. 

 

Entry L η6-arene 
Ru 

precursor 
Alkyne Time 

% C6Me6 species in solution [a] 

P [b] [1]+ [b] [2]+ [b] [3]+ [b] arene Other[c] 

1 PPh3 C6Me6 P1 (4-C6H4OMe)CCH 

1.2 h - 91 6 < 1 < 1 2 

2 h - 91 6 < 1 < 1 2 

25 h - 60 28 3 7 2 

2 PPh3 C6Me6 P1 (4-C6H4OMe)CCH 
1.2 h - 95 3 < 1 < 1 1 

26 h - 52 36 2 9 1 

3 PPh3 C6Me6 P1 (4-C6H4CF3)CCH 
2 h 3 48 34 4 1 10 

21 h - 27 64 2 4 3 

4 PPh3 C6Me6 P1 (4-C6H4NH2)CCH 

1.25 h 14 40 8 - 5 33 

2 h 17 49 11 < 1 5 18 

16.5 h 16 12 8 3 45 16 

5 PPh3 1,3,5-C6H3Me3 P2 PhCCH 2.5 h - 83 9 - 8 - 

6 PPh3 1,3,5-C6H3Me3 

 

PhCCH 

1 h 4 92 / - 2 2 

P2 2 h - 95 4 - 1 - 

 19 h - 84 4 - 6 6 

7 PPh3 p-cymene P3 PhCCH 
0.75 h 14 63 - 7 14 2 

1.5 h 16 56 - 5 15 8 

8 [e] PPh3 C6H6 P4 PhCCH 
1 h > 50 - - - [e] < 1 

2 h > 50 - - - [e] < 1 

9 PCy3 p-cymene P5 PhCCH 24 h - - - - ≥ 65 ≤ 35 

10 [f] PPh3 p-cymene P6 PhCCH 24 h 92 - - - - 8 

11 PPh2Me C6Me6 P7 PhCCH 

1 h - 92 - - 3 5 

2 h - 93 - - 2 5 

18.5 h - 86 - - 11 3 

12 PPh2Me C6Me6 P7 PhCCH 2 h - 94 - - 2 4 

13 Py C6Me6 P8 PhCCH 1 h - - - - 5 
70[g] + 

25 

[a] Based on the relative integrals of C6Me6, mesitylene, p-cymene or benzene signals in the 1H NMR spectrum (CDCl3). 

The major species in bold. [b] [RuCl2(PR3)(η6-arene)], [RuCl(PR3){C(OR1)R2}(η6-arene)]+, [Ru{CH2(p-

C6H4R2)}(CO)(PR3)(η6-arene)]+ and [RuCl(CO)(PR3)(η6-arene)]+ complexes are collectively indicated as P, [1]+, [2]+ and 

[3]+, respectively. [c] Refers to the sum of unidentified η6-arene complexes. In almost all cases, traces of benzaldehydes 

were detected (< 1 % of total aromatic resonances) that are not included in the percentage. PhCHO. 1H NMR (CDCl3): 

δ/ppm = 10.02. (p-C6H4CF3)CHO. 1H NMR (CDCl3): δ/ppm = 10.11. (p-C6H4NH2)CHO. 1H NMR (CDCl3): δ/ppm = 9.25. 

(p-C6H4OMe)CHO. 1H NMR (CDCl3): δ/ppm = 9.89. [e] Non-volatile aromatic compounds, probably derived from 

phenylacetylene, prevented a quantitation of the released C6H6 ligand. [f] [RuI2(PPh3)(η6-p-cymene)] (P6) used as 

precursor. [g] 1H NMR (CDCl3): δ/ppm = 8.96 (d, J = 5.9 Hz), 7.82 (t, J = 7.6 Hz), 7.53 (t, J = 6.7 Hz), 1.91 (s).  
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IR and NMR spectra of alkoxy(benzyl)carbene complexes 

 

Figure S8. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(PPh3){C(OMe)CH2Ph}(η6-C6Me6)]PF6, [1a]PF6. 

 

 

Figure S9. 1H NMR spectrum (400 MHz, CDCl3) of [1a]PF6. 

 

  



S16 
 

Figure S10. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [1a]PF6. 

 

 

Figure S11. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1a]PF6. 

 

  



S17 
 

Figure S12. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(PPh3){C(OEt)CH2Ph}(η6-C6Me6)]PF6, [1b]PF6. 

 

 

Figure S13. 1H NMR spectrum (400 MHz, CDCl3) of [1b]PF6.  
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Figure S14. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [1b]PF6. 

 

 

Figure S15. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1b]PF6. 
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Figure S16. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(PPh3){C(OMe)CH2(4-C6H4OMe)}(η6-

C6Me6)]PF6, [1d]PF6. 

 

 

Figure S17. 1H NMR spectrum (400 MHz, CDCl3) of [1d]PF6. 
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Figure S18. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [1d]PF6. 

 

 

Figure S19. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1d]PF6. 

 

  



S21 
 

Figure S20. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [RuCl(PPh3){C(OMe)CH2(4-

C6H4CF3)}(η6-C6Me6)]PF6, [1e]PF6, [2e]PF6 and [3]PF6; only signals due to [1e]+ are highlighted. 

 

 

Figure S21. 31P{1H} NMR spectrum (162 MHz, CDCl3) of a mixture containing [1e]PF6 (35.8 ppm), [2e]PF6 

(51.8 ppm) and [3]PF6 (42.6 ppm, structure not shown). 
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Figure S22. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [1f]PF6, [2f]PF6 and [3]PF6; only 

signals due to [1f]+ are highlighted. 

 

 

Figure S23. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1f]PF6 in the mixture containing [1f]PF6, [2f]PF6 and 

[3]PF6. 
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Figure S24. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(PPh3){C(OMe)CH2Ph}(η6-1,3,5-C6H3Me3)]PF6, 

[1g]PF6 in admixture with ca. 9 % of [Ru(CH2Ph)(CO)(PPh3)(η6-1,3,5-C6H3Me3)]PF6, [2g]PF6. 

 

 

Figure S25. 1H NMR spectrum (400 MHz, CDCl3) of [1g]PF6. 
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Figure S26. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [1g]PF6. 

 

 

Figure S27. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1g]PF6. 
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Figure S28. 1H NMR spectrum (400 MHz, CDCl3) of [RuCl(PPh3){C(OMe)CH2Ph}(η6-p-cymene)]PF6, [1h]PF6, 

in admixture with p-cymene, O=PPh3, [3cym]PF6 and P3. Only the signals of [1h]+ are highlighted. 

 

 

Figure S29. 31P{1H} NMR spectrum (162 MHz, CDCl3) of the mixture containing [1h]PF6 (35.8 ppm), [3cym]PF6 

(38.7 ppm), O=PPh3 (29.9 ppm) and P3 (24.8 ppm, structure not shown). 
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Figure S30. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(PPh2Me){C(OMe)CH2Ph)}(η6-C6Me6)]PF6, 

[1i]PF6. 

 

 

Figure S31. 1H NMR spectrum (400 MHz, CDCl3) of [1i]PF6. 
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Figure S32. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [1i]PF6. Inset shows a zoom into the 128-136 ppm 

region. 

 

 

Figure S33. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [1i]PF6. 
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IR and NMR spectra of benzyl carbonyl complexes 

 

Figure S34. IR spectrum (1600-2300 cm-1, CH2Cl2) of a mixture containing [1a]PF6, 

[Ru(CH2Ph)(PPh3)(CO)(η6-C6Me6)]PF6, [2a]PF6 (1966 cm−1) and [3]+ (2012 cm−1). 

 

 

Figure S35. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [1a]PF6, [Ru{CH2(4-

C6H4OMe)}(PPh3)(CO)(η6-C6Me6)]PF6, [2a]PF6 and [3]PF6. Only the signals of [2a]+ are highlighted. 
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Figure S36. 31P{1H} NMR spectrum (162 MHz, CDCl3) of a mixture containing [1a]PF6, [Ru{CH2(4-

C6H4OMe)}(PPh3)(CO)(η6-C6Me6)]PF6, [2a]PF6 and [3]PF6. Only the signal of [2a]+ is highlighted. 

 

 

Figure S37. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [1a]PF6 and [2a]PF6. Only the signals 

of [2a]+ are highlighted. 
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Figure S38. 13C{1H} NMR spectrum (100 MHz, CDCl3) of a mixture containing [1a]PF6 and [2a]PF6. Only the 

signals of [2a]+ are highlighted. 

 

 

Figure S39. 31P{1H} NMR spectrum (162 MHz, CDCl3) of a mixture containing [1a]PF6 and [2a]PF6. Only the 

signal of [2a]+ is highlighted. 
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Figure S40. IR spectrum (1300-2300 cm-1, CH2Cl2) of a mixture containing [1d]PF6 and [Ru{CH2(4-

C6H4OMe)}(PPh3)(CO)(η6-C6Me6)]PF6, [2d]PF6 (1964 cm-1). The peak at 2107 cm-1 is due to the solvent. 

 

 

Figure S41. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [1d]PF6, [2d]PF6 and [3]PF6. Only 

the signals of [2d]+ are highlighted. 
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Figure S42. 31P{1H} NMR spectrum (162 MHz, CDCl3) of the mixture containing [1d]PF6, [2d]PF6 and [3]PF6. 

Only the signal of [2d]+ is highlighted.  

 

 

Figure S43. IR spectrum (1300-2300 cm-1, CH2Cl2) of a mixture containing [1e]PF6 and [Ru{CH2(4-

C6H4CF3)}(PPh3)(CO)(η6-C6Me6)]PF6, [2e]PF6 (1972 cm-1). 
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Figure S44. 1H NMR spectrum (400 MHz, CDCl3) of the mixture containing [1e]PF6, [2e]PF6 and [3]PF6. Only 

signals due to [2e]+ are highlighted. 

 

 

Figure S45. IR spectrum (1300-2300 cm-1, CH2Cl2) of a mixture containing [1g]PF6 and 

[Ru(CH2Ph)(PPh3)(CO)(η6-C6Me6)]PF6, [2g]PF6 (1981 cm-1).  
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Figure S46. 1H NMR spectrum (400 MHz, CDCl3) of a mixture containing [1g]PF6, [2g]PF6 and mesitylene. 

Only the signals of [2g]+ are highlighted.  

 

 

Figure S47. 31P{1H} NMR spectrum (162 MHz, CDCl3) of a mixture containing [1g]PF6, [2g]PF6 and mesitylene. 

Only the signal of [2g]+ is highlighted. 
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IR and NMR spectra of chlorido carbonyl and acetylide complexes 

 

Figure S48. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(CO)(PPh3)(η6-C6Me6)]PF6, [3]PF6. 

 

 

Figure S49. 1H NMR spectrum (400 MHz, CDCl3) of [3]PF6. 
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Figure S50. 13C{1H} NMR spectrum (100 MHz, CDCl3) of [3]PF6. 

 

 

Figure S51. 31P{1H} NMR spectrum (162 MHz, CDCl3) of [3]PF6. 
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Figure S52. Solid-state IR spectrum (650-4000 cm-1) of [RuCl(CCPh)(PPh3)(η6-C6Me6)], 4a. 

 

 

Figure S53. 1H NMR spectrum (400 MHz, CDCl3) of 4a. 
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Figure S54. 31P{1H} NMR spectrum (162 MHz, CDCl3) of 4a. 
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Reactions with benzyl magnesium chloride  

 

With [RuCl(CO)(PPh3)(η6-C6Me6)]+, [3]+. A yellow solution of [3]PF6 (137 mg, 0.187 mmol) in 

CH2Cl2 (7 mL) was treated with BnMgCl (2.0 M in THF; 0.10 mL, 0.20 mmol) and stirred at room 

temperature while periodically sampled for 1H, 31P, 1H-13C HMBC NMR (CDCl3) and IR (CH2Cl2) 

analyses. After 3 days, a mixture of η6-C6Me6 complexes and free C6Me6 was observed, among which 

ca. 85 % unreacted [3]+ (by integration of 1H NMR spectrum). There was no evidence of [2a]+ or any 

other benzyl complex. IR (CH2Cl2): ῦ/cm-1 = 2011s ([3]+), 1937s.  

With [RuCl2(CO)(η6-C6Me6)]. The reaction was carried out as described above, using 

[RuCl2(CO)(η6-C6Me6)] (70 mg, 0.19 mmol) and BnMgCl (2.0 M in THF; 0.1 mL, 0.2 mmol). After 

27 h at room temperature, a mixture of η6-C6Me6 complexes and free C6Me6 was observed (among 

which ca. 15 % unreacted precursor), one of which could be ascribed to the benzyl carbonyl complex 

[RuCl(CH2Ph)Cl(CO)(η6-C6Me6)]. 
1H NMR yield (CDCl3, based on the relative integrals of C6Me6 

signals): 16 %. IR (CH2Cl2): ῦ/cm-1 = 2071w, 2026s ([RuCl2(CO)(η6-C6Me6)]), 1997s, 1963m 

([RuCl(CH2Ph)(CO)(η6-C6Me6)]), 1940m. 1H NMR (CDCl3): δ/ppm = 7.14−7.06 (m, Phortho); 3.27 

(d, 2JHH = 8.6 Hz, 1H); 3.00 (d, 2JHH = 8.6 Hz, 1H) (Ru-CH2); 2.01 (s, 18H, C6Me6). 
13C{1H} NMR 

(CDCl3): δ/ppm = 153.0 (Phipso); 129.4 (Phortho); 107.8 (C6Me6); identified via 1H-13C HMBC NMR. 

With [RuCl2(PPh3)(η6-C6Me6)], P1. The reaction was carried out as described above, using P1 (116 

mg, 0.195 mmol) and BnMgCl (2.0 M in THF; 0.1 mL, 0.2 mmol). After 3 days at room temperature, 

a mixture of unreacted P1, free C6Me6 and unidentified η6-C6Me6 complexes was observed (78 %, 15 

% and 7 %, respectively, integration of the 1H NMR spectrum). 
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Reactivity of the methoxy(benzyl)carbene complex [1a]+ 

 

Table S3. Overview of conditions and products formed in the reactions between 

[RuCl(PPh3){C(OMe)CH2Ph}(η6-C6Me6)]+, [1a]+ and a series of Brønsted/Lewis acids and bases.[a] 

 

Entry Reactant Solvent Time 

% C6Me6 species in solution [b] 

[1a]+ [2a]+ [3]+ 4a 
5a 

(E/Z) 
P1 C6Me6 Other [c] 

1 - CDCl3 
0 h 93 7 < 1 - - - - - 

5 d 87 < 1 3 - - - 8 2 

2 
HOTf 

(1.4 eq.) 
CDCl3 

5.25 h 95 3 1 - - - 1 - 

27 h 94 3 < 1 - - - 3 - 

3 AgOTf (1 eq.) CH2Cl2 
2 h 52 - - - 0 / 14 - 1 24 + 10 [d] 

18 h 17 2 - - 0 / 6 - 10 47 + 18 [d] 

4 

H2O 

(10 eq.) CH2Cl2/MeOH 

2:1 V/V 

1 h 87 8 < 1 - - - < 1 4 

3 h 84 10 1 2 - - < 1 3 

7.5 h 77 18 2 1 - - 1 1 

17 h 66 28 < 1 1 - - 1 4 

26 h 48 35 3 1 - - 5 8 

+ NEt3 (1.1 eq.) 

after 26 h 
29.5 h 9 23 4 - 9 / 2 - 12 37 [e] + 4  

5 
H2O 

(100 eq.) 

CH2Cl2/MeOH 

2:1 V/V 
24 h 30 31 9 - - - 14 16 

6 [f] 
H2O 

(100 eq.) 

CH2Cl2/EtOH 

2:1 V/V 

1 h 92 5  - - - - 3 

24 h 67 19  - - - 4 10 

7 

H2O 

(10 eq.) CH2Cl2/
iPrOH 

2:1 V/V 

1 h 88 5 4 - - - 1 2 

24 h 65 11 12 - - - 3 9 

+ HCl 

(1.0 eq) after 24 h 
42 h - 22 - - - - 65  12 

8 
NEt3 (1.4 eq.) 

H2O (2 eq.) 
THF 

4 h 11 22 < 1 - 14 / 13 9 6 25 

18.5 h 8 12 2 - 5 / 10 13 15 35 

9 
NEt3 (2.5 eq.) 

H2O (2 eq.) 
THF 

2.25 h 15 13 1 - 12 / 9 9 4 37 

5 h 15 13 4 - 7 / 5 12 7 37 

10 
[Bu4N]OH 

(1 eq.) 
THF 

1 h - - - - 74 / 0 [g] 5 15 6 

5 h - - - - 66 / 0 8 20 6 

23.5 h - - - - 33 / 0 13 40 14 

11 

tBuOK 

(1.2 eq.) 
THF 

4 h 3 1 1 - 60 / 5 5 10 15 

19 h - - - - 40 / 6 15 19 20 

+ HOTf (1.5 eq) 

after 23 h 

24 h 

(1 h) 
12 - - - 1 / 0 27 23 37 

[a] All reactants were added from the beginning, except where otherwise noted. [b] Based on the relative integrals of C6Me6 

signals in the 1H NMR spectrum (CDCl3). The major species in bold. [c] Refers to the sum of unidentified η6-C6Me6 

complexes. In entries 4, 8, 9, traces of benzaldehyde were detected (< 1 % of total aromatic resonances) that are not 

included in the %. [d] Attributed to [Ru(CF3SO3)(PPh3){C(OMe)CH2Ph}(η6-C6Me6)]+, [1a-OTf]+, NMR signals are reported 
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below. [e] 1H NMR (CDCl3): δ/ppm = 4.30 (s, 3H), 1.90 (s, 18H). IR (CH2Cl2): ῦ/cm-1 = 1910 cm-1. [f] 

[RuCl(PPh3){C(OEt)CH2Ph}(η6-C6Me6)]PF6, [1b]PF6 as starting material. [g] 31P NMR spectrum of the anhydrous reaction 

mixture (C6D6/THF) shows the selective formation of E-5a (see figure below) 

 

[1a-OTf]+. 1H NMR (CDCl3): δ/ppm = 4.81 (s, 3H, OMe), 4.31 (d, 2JHH = 13.4 Hz, 1H), 2.77 (d, 2JHH 

= 13.4 Hz, 1H) (Ru-CH2); 1.84 (s, 18H, C6Me6). 
31P{1H} NMR (CDCl3): δ/ppm = 35.2 (PPh3). 

19F{1H} NMR (CDCl3): δ/ppm = − 74.1 (CF3SO3-Ru). 

 

Table S4. Overview of products detected by 1H NMR in a CD3OD solution of [1a]PF6. 

 

Time 

% C6Me6 species in solution [a] 

[1a]+ (CH2, OCH3  

% deuteration)  
[2a-d2]

+ [3]+ 4a C6Me6 Other [b] 

0 h 83 (0 %, 0 %) 10 2 < 1 2 2 

2.5 h 63 (15 %, 5 %) 25 2 5 3 2 

4 h 61 (19 %, 6 %) 26 3 3 4 3 

19 h 57 (73 %, 26 %) 28 3 0 9 3 

42.5 h 55 (100 %, 44 %) 18 4 0 19 4 

[a] Based on the relative integrals of C6Me6 signals in the 1H NMR spectrum (CDCl3). The major species in bold. [b] Refers 

to the sum of unidentified η6-C6Me6 complexes. 

 

[1a]+. 1H NMR (CD3OD): δ/ppm = 7.66–7.51 (m, 15H), 7.37–7.21 (m, 5H), 4.72 (d, J = 12.7 Hz, 

1H), 4.61 (s, 3H), 2.96 (d, J = 12.7 Hz, 1H), 1.77 (s, 18H). 13C NMR (HMBC; CD3OD): δ/ppm = 

110.6. 31P NMR (CD3OD): δ/ppm = 36.1. 

[2a-d2]+. 1H NMR (CD3OD): δ/ppm = 1.95 (s). 13C NMR (HMBC; CD3OD): δ/ppm = 116.8. 31P 

NMR (CD3OD): δ/ppm = 51.9. 

[3]+. 1H NMR (CD3OD): δ/ppm = 1.99 (s). 4a. 1H NMR (CD3OD): δ/ppm = 1.84 (s). 

C6Me6. 1H NMR (CD3OD): δ/ppm = 2.19. 13C NMR (HMBC; CD3OD): δ/ppm = 131.8. 

CH3OD. 1H NMR (CD3OD): δ/ppm = 3.31.  
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Figure S55. 1H NMR spectrum (400 MHz) of a freshly prepared solution of [1a]PF6 with minor amounts of [2a]+ 

(resonances marked with *) in CDCl3 (blue line) and after 5 days at room temperature (red line), showing the 

disappearance of [2a]+ and formation of [3]+ (resonance marked with $) and hexamethylbenzene. 

 

Figure S56. 31P{1H} NMR spectrum (162 MHz, CDCl3) a freshly prepared solution of [1a]PF6 with minor 

amounts of [2a]PF6 (resonance marked with *) in CDCl3 (blue line) and after 4 days at room temperature (red 

line), showing the disappearance of [2a]+, PF6
− and formation of PO2F2

− (resonance marked with £) and 

formation of [3]+ (resonance marked with $). 
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Figure S57. 1H NMR spectrum (400 MHz, CDCl3) of a freshly prepared solution of [1g]PF6 with minor amounts 

of [2g]+ (resonances marked with *) and mesitylene (blue line) and after 4 days at room temperature (red line), 

showing the disappearance of [2g]+. 

 

 

Figure S58. 31P{1H} NMR spectrum (162 MHz, CDCl3) a freshly prepared solution of [1g]PF6 with minor 

amounts of [2g]PF6 (resonance marked with *) in CDCl3 (blue line) and after 4 days at room temperature (red 

line), showing the disappearance of [2g]+, PF6
− and formation of PO2F2

− (resonance marked with £) and 

probable formation of [3mes]+ (resonance marked with $). 
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Figure S59. 1H NMR spectra (400 MHz, CDCl3) of [1a]PF6 (top) and after addition of triflic acid in anhydrous 

conditions (bottom) (Table S3, entry 2). 

 

 

Figure S60. 1H NMR spectrum (400 MHz, CDCl3) of the reaction mixture of [1a]+ (resonances marked with $) 

and water (10 eq) in MeOH/CH2Cl2 2:1 V/V after 17 h, showing the formation of [2a]+ (resonances marked with 

*). 
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Figure S61. 31P{1H} NMR spectrum (162 MHz, CDCl3) of the reaction mixture of [1a]+ (resonances marked 

with $) and water (10 eq) in MeOH/CH2Cl2 2:1 V/V after 17 h, showing the formation of [2a]+ (resonance 

marked with *). 

 

 

 

Figure S62. IR spectrum (CH2Cl2) of the reaction mixture of [1a]+ and water (10 eq) in MeOH/CH2Cl2 2:1 V/V 

after 26 h, showing the formation of [2a]+ (1966 cm-1). 

 

 

Figure S63. Relative amounts of compounds detected solution starting from [1a]PF6 and water (10 eq) in 

CH2Cl2/MeOH 2:1 V/V over 26 h. 
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Figure S64. 1H NMR spectrum (400 MHz, CDCl3) of the mixture containing E-5a and [Bu4N]PF6 (resonances 

marked with *), obtained by the reaction of [1a]PF6 and [Bu4N]OH. 

 

 

Figure S65. 31P{1H} NMR spectrum (162 MHz, C6D6/THF) of the anhydrous mixture containing E-5a and 

[Bu4N]PF6 (resonance marked with *), obtained by the reaction of [1a]PF6 and [Bu4N]OH. 
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Figure S66. 31P{1H} NMR spectrum (162 MHz, CDCl3) of the mixture containing E-5a, Z-5a and other 

compounds (not depicted), obtained by the reaction of [1a]PF6 and Et3N. 

 

 

Figure S67. Section of a 1H NMR spectrum (400 MHz, CDCl3) showing resonances of (Z)-(2-

methoxyvinyl)benzene formed by hydrolysis of E-5a. 
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Figure S68. Section of a 1H NMR spectrum (400 MHz, CDCl3) showing resonances of Z- and E-(2-

methoxyvinyl)benzene formed by hydrolysis of E-5a and Z-5a, respectively. 
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Computational details 

 

Structures of minima 

 

A 

Ru         0.66900       -0.06300       -0.39300 

Cl         0.13400       -2.33800       -1.00000 

P          1.98600       -0.47700       -2.23200 

C         -0.41100        0.95300       -1.99700 

C          1.89100        1.52400        0.52500 

C          2.54100        0.29900        0.91200 

C          1.76900       -0.77300        1.42500 

C          0.38900       -0.54700        1.80600 

C         -0.20000        0.72700        1.61700 

C          0.52300        1.73900        0.88800 

C          2.68300        2.60300       -0.17100 

C          4.02800        0.14500        0.71100 

C          2.37800       -2.13000        1.65200 

C         -0.37200       -1.67900        2.43700 

C         -1.57600        1.00300        2.16200 

C         -0.15900        3.04600        0.58900 

H          2.09100        3.10100       -0.94600 

H          3.00900        3.36900        0.54900 

H          3.57900        2.20300       -0.65900 

H          4.43700       -0.65100        1.34100 

H          4.30100       -0.08200       -0.33100 

H          4.54000        1.07600        0.98600 

H          1.64500       -2.92100        1.46700 

H          3.22100       -2.31600        0.97800 

H          2.73700       -2.22100        2.69000 

H         -1.36800       -1.37900        2.77300 

H         -0.48800       -2.49700        1.71100 

H          0.17800       -2.07000        3.30500 

H         -1.96400        1.97800        1.85900 

H         -2.30400        0.24800        1.84200 

H         -1.52900        0.98500        3.26100 

H         -0.29700        3.61400        1.52100 

H          0.41500        3.67300       -0.09800 

H         -1.14800        2.88300        0.14100 

H          2.77400        0.59400       -2.72600 

H          2.97600       -1.47000       -2.06600 

H          1.34000       -0.90300       -3.40700 

C         -1.29600        0.38400       -1.31800 

C         -5.19300       -0.24200        0.23400 

C         -4.81800        1.00200       -0.27400 

C         -3.54200        1.18600       -0.79700 

C         -2.62600        0.12000       -0.81100 

C         -3.00900       -1.13100       -0.30800 

C         -4.28900       -1.30600        0.21000 
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H         -6.19500       -0.38500        0.64300 

H         -5.52600        1.83300       -0.26600 

H         -3.24700        2.15800       -1.19800 

H         -2.29600       -1.95600       -0.33400 

H         -4.58700       -2.28300        0.59400 

H         -0.07400        1.54600       -2.83700 

 

 

Ac 

Ru         0.78300       -0.11900        0.34400 

P          1.85900       -1.24400        2.02500 

C         -0.69100       -1.46500        0.79800 

C          2.62900        0.77800       -0.82700 

C          1.61900        1.74700       -0.82200 

C          0.25700        1.39400       -1.21200 

C         -0.02800        0.10600       -1.73600 

C          1.00300       -0.89800       -1.73400 

C          2.27100       -0.59000       -1.15400 

C          4.05500        1.07600       -0.43300 

C          1.85300        3.15100       -0.33400 

C         -0.78300        2.48000       -1.13300 

C         -1.38400       -0.26500       -2.27600 

C          0.75000       -2.24800       -2.35700 

C          3.31900       -1.67400       -1.06200 

H          4.75700        0.55400       -1.09800 

H          4.28800        2.14400       -0.49300 

H          4.26800        0.75100        0.59700 

H          2.90300        3.35300       -0.10500 

H          1.51600        3.88800       -1.07600 

H          1.27900        3.30500        0.59300 

H         -0.81000        2.90400       -0.12000 

H         -0.54600        3.29000       -1.84100 

H         -1.78800        2.11600       -1.36100 

H         -1.38600       -0.17900       -3.37500 

H         -1.63900       -1.29800       -2.01100 

H         -2.18500        0.36800       -1.88200 

H          1.68100       -2.70300       -2.71800 

H          0.27900       -2.92100       -1.62700 

H          0.08200       -2.15500       -3.22200 

H          2.85800       -2.65000       -0.87100 

H          3.89500       -1.74600       -2.00000 

H          4.03300       -1.48100       -0.25100 

H          2.33000       -2.56500        1.80800 

H          3.05900       -0.68500        2.53900 

H          1.17300       -1.44700        3.24300 

C         -1.87200       -1.08800        1.71200 

C         -4.94800        0.67600       -0.75300 

C         -4.76100       -0.70800       -0.73900 

C         -3.77900       -1.27100        0.07100 

C         -2.96800       -0.46600        0.88100 

C         -3.16200        0.91900        0.86200 
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C         -4.14800        1.48500        0.05300 

H         -5.72000        1.12000       -1.38600 

H         -5.38500       -1.35100       -1.36400 

H         -3.62000       -2.35300        0.07200 

H         -2.51700        1.55100        1.47800 

H         -4.28900        2.56900        0.05100 

H         -1.54400       -0.39200        2.49200 

Cl         0.18600        1.39900        2.16800 

O         -0.70300       -2.58600        0.32200 

H         -2.23100       -2.02400        2.16400 

 

 

B 

Ru         0.67600       -0.07000        0.52900 

P          0.41900       -2.12300        1.55600 

C          1.68600       -1.02500       -1.29200 

C          2.47600        0.10400       -0.96200 

C          1.83700        1.37600       -0.75100 

C          0.44800        1.54800       -1.04100 

C         -0.28000        0.45100       -1.62100 

C          0.29400       -0.83900       -1.65100 

C          2.32700       -2.38700       -1.39600 

C          3.97200       -0.00400       -0.79400 

C          2.68200        2.54000       -0.30100 

C         -0.21700        2.88800       -0.87700 

C         -1.64000        0.64500       -2.22900 

C         -0.54000       -1.97900       -2.17400 

H          1.62200       -3.19600       -1.17500 

H          2.70200       -2.55500       -2.41800 

H          3.16900       -2.49200       -0.70300 

H          4.37400       -0.90300       -1.27000 

H          4.46600        0.85600       -1.26500 

H          4.27200       -0.01700        0.26400 

H          3.49000        2.22800        0.37100 

H          3.14100        3.01800       -1.18000 

H          2.09700        3.30300        0.22000 

H         -0.09800        3.49400       -1.79000 

H         -1.28700        2.77500       -0.67900 

H          0.20600        3.45500       -0.04100 

H         -2.40600        0.03200       -1.73700 

H         -1.97400        1.68400       -2.20300 

H         -1.59600        0.33100       -3.28300 

H         -1.55700       -1.94700       -1.76100 

H         -0.62800       -1.90400       -3.27000 

H         -0.11500       -2.96200       -1.95200 

H         -0.22000       -3.14700        0.81700 

H          1.59600       -2.81600        1.92500 

H         -0.30300       -2.21000        2.76900 

C         -1.09000        0.55200        1.61300 

C         -4.90800       -0.15600       -0.30100 

C         -4.08800       -1.23300        0.03900 
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C         -2.85500       -1.00900        0.64900 

C         -2.40300        0.28800        0.93800 

C         -3.25300        1.35400        0.60700 

C         -4.48700        1.13900       -0.00600 

H         -5.87500       -0.32800       -0.77800 

H         -4.41500       -2.25500       -0.16500 

H         -2.24000       -1.87300        0.91100 

H         -2.95200        2.37500        0.85600 

H         -5.12800        1.99000       -0.24600 

H         -0.98400        1.63400        1.77800 

C          1.53500        0.54300        2.05200 

H         -1.09900        0.09400        2.61500 

O          2.09200        0.93600        2.97100 

 

 

C 

Ru        -0.09000        0.01800        0.47400 

P         -1.75900        1.23800        1.52900 

C          0.92200        0.08000        2.05800 

C         -0.78000        0.61700       -1.64100 

C         -0.60800       -0.78200       -1.64400 

C          0.63300       -1.36400       -1.16800 

C          1.72500       -0.52600       -0.83800 

C          1.53200        0.90600       -0.77100 

C          0.29000        1.47900       -1.17600 

C         -2.08500        1.21400       -2.10400 

C         -1.70900       -1.70400       -2.08600 

C          0.74300       -2.86100       -1.07800 

C          3.08200       -1.10600       -0.52400 

C          2.67400        1.77600       -0.30900 

C          0.11000        2.97400       -1.25800 

H         -2.20400        2.25600       -1.79300 

H         -2.13600        1.19200       -3.20300 

H         -2.94400        0.64800       -1.72100 

H         -2.45700       -1.19600       -2.70200 

H         -1.30000       -2.53400       -2.67700 

H         -2.20900       -2.13600       -1.20300 

H         -0.20100       -3.29500       -0.73000 

H          0.98400       -3.28700       -2.06500 

H          1.51500       -3.16800       -0.36700 

H          3.86600       -0.49300       -0.98700 

H          3.28100       -1.14400        0.55700 

H          3.18600       -2.12100       -0.92000 

H          2.32100        2.65600        0.23900 

H          3.35300        1.23500        0.35800 

H          3.25800        2.12400       -1.17500 

H          0.98500        3.52400       -0.90200 

H         -0.05300        3.26000       -2.30800 

H         -0.75900        3.32500       -0.68600 

H         -1.70000        2.65200        1.48600 

H         -3.05800        1.01600        1.02600 
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H         -1.94800        1.01700        2.90700 

Cl        -1.36900       -1.76200        1.43700 

O          1.58100        0.10600        2.98600 

 

 

D 

Ru         0.59700       -0.16000        0.46700 

C          0.22200       -1.76500        1.27900 

C          2.13300       -0.84700       -1.19800 

C          2.52800        0.41600       -0.72600 

C          1.59400        1.53500       -0.75400 

C          0.31600        1.37100       -1.31700 

C         -0.16600        0.04600       -1.61700 

C          0.73800       -1.06200       -1.50900 

C          3.09400       -2.00700       -1.29700 

C          3.90400        0.67600       -0.18100 

C          2.05900        2.85100       -0.18700 

C         -0.60500        2.53500       -1.55900 

C         -1.53100       -0.12000       -2.23100 

C          0.27200       -2.45200       -1.86800 

H          2.86600       -2.62300       -2.17600 

H          4.13100       -1.66900       -1.40200 

H          3.04200       -2.65400       -0.40900 

H          4.56200       -0.19500       -0.25700 

H          4.38200        1.51800       -0.70100 

H          3.81800        0.92700        0.88700 

H          2.48800        2.68500        0.81100 

H          2.82500        3.31800       -0.82500 

H          1.23500        3.55900       -0.06000 

H         -1.03200        2.46600       -2.56900 

H         -1.44500        2.53100       -0.85100 

H         -0.09000        3.49800       -1.48300 

H         -1.94100       -1.12200       -2.07200 

H         -2.26000        0.58300       -1.81500 

H         -1.46600        0.05100       -3.31900 

H         -0.77800       -2.60300       -1.59200 

H          0.36700       -2.62700       -2.95100 

H          0.85300       -3.22000       -1.34500 

O          0.03200       -2.78700        1.77000 

C         -1.12300        0.59700        1.47500 

C         -5.01100       -0.15100       -0.28100 

C         -4.19900       -1.21600        0.11300 

C         -2.95100       -0.97900        0.68300 

C         -2.47000        0.32600        0.88000 

C         -3.31900        1.38100        0.51200 

C         -4.56700        1.15200       -0.06800 

H         -5.98600       -0.33700       -0.73600 

H         -4.54100       -2.24500       -0.02700 

H         -2.33100       -1.82800        0.97700 

H         -2.99900        2.41000        0.70200 

H         -5.19900        1.99800       -0.34800 
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H         -0.94500        1.68300        1.53000 

Cl         1.73600        0.54600        2.46500 

H         -1.08500        0.22400        2.50800 

 

 

E 

Ru         0.41000       -0.11300       -0.06300 

P         -1.05300        0.32200       -1.79400 

C          2.37200        0.58300       -1.09400 

C          2.62200       -0.59400       -0.36300 

C          2.24500       -0.67500        1.03900 

C          1.68800        0.44700        1.69600 

C          1.30800        1.61000        0.93300 

C          1.59500        1.63700       -0.47200 

C          2.80300        0.74300       -2.53200 

C          3.24100       -1.81600       -0.98500 

C          2.49400       -1.96600        1.77300 

C          1.42100        0.38400        3.18000 

C          0.68600        2.78900        1.63800 

C          1.20500        2.83800       -1.30200 

H          3.15600        1.76600       -2.72000 

H          3.62600        0.06900       -2.78900 

H          1.97900        0.53900       -3.23400 

H          3.52400       -1.66600       -2.03100 

H          4.13500       -2.13000       -0.42700 

H          2.50700       -2.63600       -0.96100 

H          2.06600       -2.80500        1.20800 

H          3.57300       -2.14600        1.90300 

H          2.02700       -1.97300        2.76300 

H          1.12700        1.35500        3.59000 

H          0.61600       -0.32900        3.41000 

H          2.32400        0.05800        3.71600 

H          0.34200        3.55800        0.94200 

H         -0.17900        2.48800        2.24500 

H          1.41900        3.26100        2.31100 

H          0.25100        3.26400       -0.97400 

H          1.97200        3.62800       -1.23400 

H          1.09000        2.57900       -2.36100 

H         -1.67300        1.59200       -1.92400 

H         -0.48900        0.25300       -3.09700 

H         -2.17800       -0.50600       -1.98400 

C         -1.23600       -0.20900        1.30400 

C         -5.23300        0.00400       -0.31900 

C         -4.61400       -1.23300       -0.12900 

C         -3.33400       -1.30800        0.41600 

C         -2.63200       -0.14700        0.78100 

C         -3.27400        1.08800        0.59200 

C         -4.55500        1.16600        0.04900 

H         -6.23700        0.06100       -0.74500 

H         -5.13500       -2.15200       -0.40900 

H         -2.84200       -2.27600        0.53500 
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H         -2.74900        2.00600        0.87500 

H         -5.03000        2.14200       -0.08500 

H         -1.09600        0.61300        2.02300 

Cl        -0.12300       -2.43300       -0.58500 

H         -1.07000       -1.16000        1.83300 

 

 

H 

Ru        -0.85500       -0.30300       -0.12500 

P         -0.97500       -2.60500        0.09300 

C          1.08100       -0.46300        0.04900 

C         -3.08000        0.14400        0.44700 

C         -2.73700        0.98900       -0.62100 

C         -1.52900        1.79800       -0.56900 

C         -0.76400        1.84100        0.62300 

C         -1.07800        0.93500        1.70600 

C         -2.19400        0.05500        1.59300 

C         -4.33300       -0.69300        0.36500 

C         -3.57200        1.04000       -1.87000 

C         -1.17700        2.60400       -1.79200 

C          0.39800        2.78600        0.78900 

C         -0.27400        0.94600        2.98500 

C         -2.52400       -0.86600        2.74000 

H         -4.48500       -1.31500        1.25100 

H         -5.21500       -0.04200        0.27500 

H         -4.31900       -1.35200       -0.51500 

H         -4.55500        0.58000       -1.73500 

H         -3.72800        2.07800       -2.19100 

H         -3.05200        0.50700       -2.68200 

H         -1.29300        1.98900       -2.69300 

H         -1.83500        3.48200       -1.88100 

H         -0.14200        2.95700       -1.78100 

H          0.16500        3.50600        1.58800 

H          1.31800        2.26100        1.08100 

H          0.60900        3.36400       -0.11300 

H          0.17700       -0.03500        3.18300 

H          0.53800        1.67700        2.96500 

H         -0.92300        1.19900        3.83600 

H         -1.63800       -1.11300        3.33300 

H         -3.25200       -0.38000        3.41000 

H         -2.96700       -1.81000        2.40300 

H         -0.90000       -3.18800        1.38100 

H         -2.16800       -3.20500       -0.37200 

H         -0.01900       -3.38400       -0.59000 

C          2.04700        0.10000       -0.96000 

C          6.15900       -0.03800        0.32900 

C          5.56000       -1.17100       -0.21800 

C          4.23600       -1.11700       -0.65500 

C          3.49600        0.06900       -0.54600 

C          4.11000        1.20000        0.00900 

C          5.43400        1.14900        0.43900 
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H          7.19700       -0.07700        0.66500 

H          6.12800       -2.09800       -0.31800 

H          3.77900       -2.00300       -1.10600 

H          3.55100        2.13600        0.08700 

H          5.90400        2.04000        0.85800 

H          1.70300        1.11300       -1.21900 

Cl        -0.66400       -0.85700       -2.46400 

O          1.62100       -1.03700        1.08200 

H          1.84500       -0.48300       -1.87900 

H          2.60300       -0.98000        1.04300 

 

 

V 

Ru         0.73800       -0.07400       -0.40300 

P          0.12500        1.45200       -2.01400 

C         -0.89800       -0.81700       -0.68900 

C          2.26700        1.31400        0.81400 

C          2.91400        0.08700        0.60700 

C          2.23400       -1.15900        0.91600 

C          1.01200       -1.13400        1.63900 

C          0.32100        0.11300        1.80700 

C          0.89700        1.32400        1.30100 

C          2.98500        2.60200        0.49100 

C          4.28000        0.01300       -0.01100 

C          2.91000       -2.45800        0.57500 

C          0.38500       -2.38700        2.18500 

C         -0.99000        0.09900        2.54800 

C          0.16500        2.63600        1.44700 

H          2.41200        3.48900        0.77500 

H          3.93600        2.64600        1.03800 

H          3.22100        2.67500       -0.58100 

H          4.79000        0.98000       -0.02800 

H          4.91600       -0.69700        0.53400 

H          4.19100       -0.34600       -1.05000 

H          3.42900       -2.38400       -0.38700 

H          3.64600       -2.72200        1.35100 

H          2.19000       -3.27700        0.48300 

H          0.10000       -2.23300        3.23500 

H         -0.52900       -2.64600        1.63000 

H          1.06400       -3.24300        2.15000 

H         -1.53400        1.04500        2.48500 

H         -1.65500       -0.69200        2.18000 

H         -0.79100       -0.09700        3.61300 

H         -0.92100        2.50200        1.40600 

H          0.41100        3.10800        2.41100 

H          0.43200        3.34200        0.65300 

H         -0.68800        2.54600       -1.63200 

H          1.18300        2.12800       -2.65800 

H         -0.60500        0.93600       -3.10100 

C         -2.10400       -1.32100       -0.80100 

C         -5.76800        0.62200        0.27000 
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C         -4.56800        1.33400        0.31300 

C         -3.37500        0.71100       -0.03700 

C         -3.36200       -0.63500       -0.43400 

C         -4.57000       -1.34000       -0.47900 

C         -5.76500       -0.71300       -0.12800 

H         -6.70500        1.11100        0.54300 

H         -4.56700        2.38300        0.61700 

H         -2.43900        1.27500       -0.00600 

H         -4.57700       -2.38600       -0.79200 

H         -6.70100       -1.27500       -0.16800 

H         -2.15300       -2.34400       -1.19700 

Cl         1.75300       -1.04100       -2.32700 

 

 

Y 

Ru         0.64400        0.11700       -0.27200 

C         -1.08000        0.30400       -1.57500 

P          1.77500        0.76900       -2.15000 

C          0.32400        2.01800        0.07400 

C          2.43900       -0.96400        0.66200 

C          1.76600       -1.90900       -0.20000 

C          0.39100       -2.18700       -0.02600 

C         -0.32700       -1.56500        1.05500 

C          0.32100       -0.62300        1.88900 

C          1.70900       -0.29200        1.68200 

C          3.93100       -0.78100        0.50500 

C          2.54600       -2.63900       -1.26600 

C         -0.31900       -3.18800       -0.89700 

C         -1.72300       -1.99800        1.40800 

C         -0.46600       -0.05100        3.04500 

C          2.38100        0.70500        2.59500 

H          4.35500       -0.10400        1.25100 

H          4.43700       -1.75000        0.62800 

H          4.20500       -0.39100       -0.48500 

H          2.01800       -2.64100       -2.22800 

H          3.53700       -2.21000       -1.43700 

H          2.68900       -3.69000       -0.97000 

H         -1.30100       -2.81100       -1.20600 

H          0.24300       -3.43200       -1.80300 

H         -0.47900       -4.12600       -0.34300 

H         -1.69500       -2.51800        2.37800 

H         -2.41000       -1.14800        1.50300 

H         -2.15600       -2.68100        0.67400 

H          0.07300        0.72200        3.60300 

H         -1.44100        0.34600        2.71800 

H         -0.69900       -0.84800        3.76800 

H          1.71600        1.53800        2.85000 

H          2.68700        0.22300        3.53700 

H          3.26700        1.15300        2.13700 

H          2.82900        1.70500       -2.02900 

H          2.46500       -0.24200       -2.86300 
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H          1.05900        1.35500       -3.21800 

O         -0.13400        2.53800        1.19900 

O          0.54800        2.95300       -0.81000 

C          0.23200        4.33200       -0.56100 

H          0.50300        4.86300       -1.47800 

H         -0.84100        4.44300       -0.35800 

H          0.81400        4.71100        0.28900 

H         -0.96100       -0.44800       -2.37300 

H         -1.05300        1.28800       -2.07000 

C         -4.97200       -0.25300        0.24400 

C         -4.17600        0.83400        0.60700 

C         -2.92500        1.01700        0.02000 

C         -2.42700        0.12200       -0.94100 

C         -3.25900       -0.94300       -1.31600 

C         -4.51100       -1.13400       -0.73100 

H         -5.95200       -0.39800        0.70200 

H         -4.53800        1.55300        1.34600 

H         -2.33300        1.88800        0.30700 

H         -2.92900       -1.62800       -2.10200 

H         -5.13400       -1.97300       -1.04900 

H         -0.39100        1.83200        1.80600 

 

 

M 

Ru        -0.91100       -0.14700       -0.28000 

P         -1.37300       -2.05700       -1.51600 

C          1.03500       -0.52400       -0.29800 

C         -3.08300        0.11200        0.52000 

C         -2.64700        1.36700        0.06200 

C         -1.37300        1.91300        0.49900 

C         -0.63600        1.24300        1.50200 

C         -1.05200       -0.07000        1.94700 

C         -2.24100       -0.65700        1.42000 

C         -4.40600       -0.43300        0.03600 

C         -3.45600        2.15800       -0.92800 

C         -0.92100        3.21600       -0.10200 

C          0.59300        1.84200        2.13300 

C         -0.24600       -0.71900        3.04400 

C         -2.70900       -2.01300        1.88600 

H         -4.61500       -1.43900        0.40900 

H         -5.22600        0.21300        0.38200 

H         -4.45200       -0.46200       -1.06100 

H         -4.48700        1.80100       -1.00900 

H         -3.49200        3.21700       -0.63900 

H         -2.98900        2.09500       -1.92300 

H         -1.09200        3.21300       -1.18500 

H         -1.47600        4.05700        0.33900 

H          0.14700        3.39900        0.05100 

H          0.41800        1.96700        3.21200 

H          1.47400        1.19500        2.02200 

H          0.84200        2.82700        1.72900 



S59 
 

H         -0.54300       -1.75000        3.25100 

H          0.82900       -0.71500        2.82300 

H         -0.38600       -0.15200        3.97700 

H         -1.89700       -2.62200        2.29600 

H         -3.46800       -1.89800        2.67600 

H         -3.16400       -2.59200        1.07400 

H         -1.69100       -3.28000       -0.86800 

H         -2.49600       -1.95100       -2.36600 

H         -0.40600       -2.52200       -2.43300 

C          1.99600        0.49900       -0.84100 

C          6.15900        0.10700        0.21700 

C          5.60100       -0.72900       -0.75100 

C          4.25900       -0.60000       -1.09600 

C          3.45300        0.36200       -0.47700 

C          4.02400        1.20100        0.48400 

C          5.36800        1.07500        0.83200 

H          7.21300        0.00900        0.48400 

H          6.22000       -1.48000       -1.24700 

H          3.83300       -1.25100       -1.86400 

H          3.41800        1.98000        0.95500 

H          5.80200        1.74400        1.57800 

H          1.60200        1.49600       -0.59700 

Cl        -0.71600        0.68600       -2.54000 

O          1.67600       -1.54800        0.16000 

H          1.83400        0.43500       -1.93500 

C          1.08500       -2.74100        0.66000 

H          0.05600       -2.56400        0.99400 

H          1.11100       -3.49700       -0.13600 

H          1.71400       -3.07400        1.49300 

 

 

Structures of transition states 

 

TS_M-H 

Ru        -0.61400       -0.14700       -0.25700 

Cl        -1.24200        0.40500       -2.56300 

P          1.02500       -1.38300       -1.38100 

C          0.60300        1.57800       -0.33200 

C         -0.76100       -0.49500        1.95900 

C         -0.78100       -1.73300        1.24400 

C         -1.84200       -2.00100        0.29600 

C         -2.75200       -0.97100       -0.02600 

C         -2.61700        0.34700        0.55300 

C         -1.68900        0.54300        1.60700 

C          0.10200       -0.30800        3.18100 

C          0.23200       -2.79600        1.59100 

C         -1.98300       -3.34000       -0.38700 

C         -3.85700       -1.21400       -1.01800 

C         -3.51600        1.45800        0.07700 

C         -1.70200        1.80200        2.42700 

H          0.70600        0.60700        3.14500 
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H         -0.54900       -0.22500        4.06600 

H          0.77800       -1.14900        3.35700 

H          0.38500       -3.51200        0.77800 

H          1.21100       -2.35400        1.81400 

H         -0.10000       -3.36500        2.47300 

H         -2.05900       -3.22400       -1.47700 

H         -1.14900       -4.01600       -0.18100 

H         -2.89700       -3.84600       -0.04000 

H         -4.77000       -0.68900       -0.71000 

H         -3.57100       -0.84000       -2.01400 

H         -4.10200       -2.27600       -1.11000 

H         -3.02200        2.43000        0.17300 

H         -3.75700        1.33500       -0.98500 

H         -4.45700        1.48300        0.64900 

H         -2.18500        2.63800        1.91700 

H         -2.27000        1.60600        3.35100 

H         -0.69700        2.11200        2.73400 

H          2.09800       -2.00300       -0.70100 

H          0.47900       -2.51000       -2.04000 

H          1.71600       -0.79900       -2.46300 

C          1.84800        1.73200        0.52700 

O          0.94200        2.01800       -1.70200 

H          2.30000        2.72100        0.34900 

H          1.52900        1.70300        1.57700 

C          4.90500       -1.25100       -0.12600 

C          4.18300       -1.23800        1.06700 

C          3.19600       -0.27500        1.27500 

C          2.91200        0.68400        0.29700 

C          3.66000        0.67700       -0.88600 

C          4.64500       -0.28600       -1.09800 

H          5.68200       -2.00100       -0.28900 

H          4.39700       -1.97400        1.84600 

H          2.64800       -0.26200        2.21800 

H          3.46700        1.43300       -1.65000 

H          5.22100       -0.27600       -2.02600 

H          0.37400        1.47600       -2.32000 

C          0.09400        3.98700        0.61600 

O         -0.27000        2.85400       -0.18000 

H         -0.76600        4.66600        0.58700 

H          0.97900        4.50000        0.21300 

H          0.28100        3.68600        1.65200 

H          0.17900        2.87600       -1.31600 

 

 

TS_V-M 

Ru        -0.80100       -0.14900       -0.19000 

Cl        -0.05100        1.03700       -2.16400 

P         -0.05600       -1.93600       -1.44400 

C          1.03100       -0.04300        0.49100 

C         -2.32800       -1.29000        0.92000 

C         -3.03300       -0.80000       -0.25200 
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C         -2.98700        0.56700       -0.57000 

C         -2.28400        1.49500        0.29800 

C         -1.76000        1.05200        1.53400 

C         -1.70700       -0.36400        1.81200 

C         -2.39400       -2.75800        1.25800 

C         -3.77800       -1.75300       -1.15500 

C         -3.61800        1.10300       -1.82600 

C         -2.19900        2.93700       -0.12500 

C         -1.25400        2.01800        2.57500 

C         -1.04400       -0.83800        3.08100 

H         -1.71100       -3.03400        2.06500 

H         -3.41400       -3.01300        1.58800 

H         -2.16000       -3.39800        0.39800 

H         -3.45200       -1.65500       -2.20000 

H         -3.65400       -2.79900       -0.86200 

H         -4.85500       -1.53300       -1.12500 

H         -4.18600        2.01800       -1.61400 

H         -2.83500        1.35300       -2.55900 

H         -4.30400        0.38700       -2.28800 

H         -1.40300        3.47300        0.40200 

H         -1.97900        3.00700       -1.19700 

H         -3.15000        3.45600        0.07000 

H         -0.16900        1.93500        2.72400 

H         -1.49100        3.05700        2.32800 

H         -1.73700        1.79500        3.53700 

H         -1.79600       -0.98900        3.87100 

H         -0.51200       -1.78400        2.93300 

H         -0.30900       -0.11500        3.45000 

H         -0.03000       -3.23400       -0.87500 

H         -0.79300       -2.21100       -2.61800 

H          1.25300       -1.86500       -1.96200 

C          2.11200       -0.90100        0.70800 

O          1.51900        1.16400        1.14000 

C          1.64900        2.45100        0.50000 

H          1.44100        3.21300        1.26000 

H          2.67500        2.54300        0.12100 

H          0.93500        2.49100       -0.33200 

H          2.27300        0.28300        1.54200 

H          1.91000       -1.97100        0.82200 

C          6.11600        0.03900       -0.58400 

C          5.91200       -0.71000        0.57600 

C          4.62000       -0.99600        1.00800 

C          3.51300       -0.54600        0.27500 

C          3.72400        0.19000       -0.90300 

C          5.02000        0.48800       -1.32000 

H          7.13000        0.26500       -0.91800 

H          6.76700       -1.07000        1.15200 

H          4.46500       -1.57200        1.92400 

H          2.86700        0.50700       -1.50500 

H          5.17400        1.05900       -2.23800 
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TS_V-H 

Ru         0.90200       -0.27700       -0.08100 

Cl         1.16300       -2.43600        1.02800 

P          0.60700       -1.58800       -1.97400 

C         -1.11900       -0.53400        0.15000 

C          0.90100        1.93600       -0.31100 

C          1.83200        1.35100       -1.22300 

C          2.93600        0.55800       -0.72600 

C          3.01000        0.26900        0.65200 

C          1.99400        0.75600        1.56400 

C          1.00500        1.66000        1.10100 

C         -0.11800        2.92000       -0.83300 

C          1.72900        1.68400       -2.69000 

C          3.99100        0.00900       -1.65500 

C          4.12300       -0.58000        1.20400 

C          2.05800        0.32400        3.00500 

C          0.06000        2.33800        2.05800 

H         -0.78500        3.29000       -0.04900 

H          0.39400        3.79400       -1.26300 

H         -0.74400        2.48400       -1.62400 

H          2.06700        0.86400       -3.33400 

H          0.70400        1.92700       -2.98600 

H          2.35900        2.55900       -2.91600 

H          4.12300       -1.07300       -1.51700 

H          3.76300        0.18700       -2.71000 

H          4.95900        0.49100       -1.45000 

H          4.50600       -0.14600        2.13700 

H          3.75700       -1.59300        1.42900 

H          4.96400       -0.66700        0.51000 

H          1.07500        0.36000        3.48500 

H          2.40900       -0.71100        3.08500 

H          2.74600        0.97000        3.57400 

H          0.28800        2.10700        3.10200 

H          0.14300        3.42800        1.94300 

H         -0.98900        2.06300        1.87500 

H          0.16400       -0.98300       -3.17500 

H          1.75400       -2.26000       -2.45500 

H         -0.29900       -2.66800       -1.89700 

C         -2.19000        0.32900        0.08500 

O         -1.60600       -1.83300        0.61900 

H         -1.83500       -0.73000        1.25600 

H         -1.89000        1.37300       -0.00300 

C         -6.45000       -0.05600       -0.09800 

C         -5.84200        1.17400        0.15300 

C         -4.45600        1.26100        0.21400 

C         -3.65200        0.12200        0.03700 

C         -4.27600       -1.11100       -0.21800 

C         -5.66300       -1.19200       -0.28800 

H         -7.53800       -0.12900       -0.14900 

H         -6.45000        2.06900        0.29600 
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H         -3.98600        2.23100        0.40100 

H         -3.67800       -2.01000       -0.36400 

H         -6.13600       -2.15500       -0.49100 

H         -0.79400       -2.30500        0.95800 
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