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1. Equipment and chemicals used 
 

The catalyst preparation was carried out under argon in pre-dried glassware using Schlenk 

techniques. The anhydrous solvents were dried by distillation over the following drying 

agents and were transferred under argon: THF (K/benzophenone), toluene (Na), methanol 

(Mg) CH2Cl2 (CaH2). Analytical thin-layer chromatography (TLC) of all reactions was 

performed on silica gel 60 F254 TLC plates. Visualization was performed with standard 

potassium permanganate solution, vanillin spray reagent, or UV light. 

Flash columns were performed using silica gel 60 (230-400 mesh). NMR spectra were 

recorded with Varian (200, 400, 500 and 600 MHz) and Bruker (500 MHz) machines in 

CDCl3; chemical shifts (δ) are given in ppm relative to TMS. Multiplicities are abbreviated as 

follows: singlet (s), doublet (d), triplet (t), quartet (q),  pentet (p), multiplet (m). 

IR spectra were recorded on a Perkin-Elmer Spectrum One FTIR spectrometer with diamond 

ATR accessory; wavenumbers are in cm–1. MS (EI) spectra were recorded on AMD 604 

Intectra GmbH spectrometer. MS (ESI) spectra were recorded on Mariner Perseptive 

Biosystems, Inc. 

Micro-analyses were provided by Institute of Organic Chemistry, PAS, Warsaw. 

2. Preparation and characterization of catalysts (refer to Scheme 1) 

Synthesis of complex 7 

NN

Ru
Cl

OP

3

N
O

 

Complex 1b (102 mg, 0.12 mmol) and dichloromethane (2 mL) were placed in a Schlenk 

flask. Next, 3-nitropropene (5)[i] (13.1 mg; 0.15 mmol) was added and the resulting mixture 

was stirred under argon at room temperature for 20 hours. From this point forth, all 

manipulations were carried out in air with reagent-grade solvents. The reaction mixture was 

concentrated under vacuum and resulting material was purified by column chromatography on 
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silica gel (230-400 mesh, no pre-treatment). Elution with c-hexane/EtOAc (9:1 v/v) removes 

7 as a green band. The solvent was evaporated resulting material was dried in vacuo to afford 

complex 7 (52.6 mg, 55%) as a green micro-crystalline solid. 

1H NMR (500 MHz, CDCl3)  = 14.27 (d, J = 3 Hz, 1H), 7.02-6.90 (m, 4H), 6.42 (d, J = 3 

Hz, 1H), 3.88-3.86 (m, 2H), 3.82–3.79 (m, 2H), 2.59 (s, 3H), 2.52 (s, 3H), 2.46 (s, 3H), 2.33 

(s, 3H), 2.31 (s, 3H) 1.98 (s, 3H), 1.75-1.56 (m, 21H), 1.11-1.00 (m, 9H), 0.92-0.85 (m, 3H); 

13C NMR (125 MHz, CDCl3)  = 249.2, 219.3, 218.7, 138.8, 138.6, 138.4, 138.0, 137.6, 

137.5, 136.3, 133.8, 130.4, 130.0, 129.9, 129.1, 128.9, 51.6, 51.2, 35.6, 35.1, 33.1, 33.0, 29.3, 

28.9, 27.8, 27.7, 27.6, 27.5, 27.0, 26.5, 26.3, 26.1, 21.2, 21.1, 19.3, 18.7, 18.6, 16.9; 

31P NMR (202 MHz, CDCl3)  = 34.2 (s, 1P); 

IR (KBr) ~ = 2925, 2850, 1813, 1512, 1483, 1430, 1379, 1266, 1169, 1041, 849, 743 cm-1 

MS (FD/FI): m/z calcd for C41H61
35ClN3O2P102Ru: 795.3; found: 795.3 (M+).  

Synthesis of complex 8 

NN

Ru
Cl

OP

3

N
O

 
Complex 1c (149 mg, 0.16 mmol) and dichloromethane (2 mL) were placed in a Schlenk 

flask. Next, 3-nitropropene (5)[i] (17.4 mg; 0.20 mmol) was added and the resulting mixture 

was stirred under argon at room temperature for 15 minutes. From this point forth, all 

manipulations were carried out in air with reagent-grade solvents. The reaction mixture was 

concentrated under vacuum and resulting material was purified by column chromatography on 

silica gel (230-400 mesh, no pre-treatment). Elution with c-hexane/EtOAc (9:1 v/v) removes 

8 as a green band. The solvent was evaporated resulting material was dried in vacuo to afford 

complex 7 (93.3 mg, 66%) as a green micro-crystalline solid. 
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1H NMR (600 MHz, CDCl3)  = 13.81 (d, J = 3 Hz, 1H), 7.36-7.10 (m, 6H), 6.29 (d, J = 3 

Hz, 1H), 4.20-4.10 (m, 1H), 4.10-4.00 (m, 1H), 4.00-3.80 (m, 3H), 3.75-3.65 (m, 1H), 3.65-

3.55 (m, 1H), 2.70-2.64 (m, 1H), 1.70-1.64 (m, 3H), 1.60-1.50 (m, 18H), 1.39-1.35 (m, 3H), 

1.26-1.19 (m, 10H), 1.15-1.08 (m, 9H), 1,07-0.92 (m, 14H); 

13C NMR (150 MHz, CDCl3)  = 246.4, 222.2, 221.7, 148.64, 148.60, 148.5, 147.4, 137.5, 

135.1, 130.0, 129.7, 129.0, 125.2, 124.2, 124.1, 123.9, 77.2, 77.0, 76.8, 54.0, 53.7, 33.2, 33.0, 

29.6, 28.7, 28.5, 28.3, 27.9, 27.8, 27.2, 27.2, 26.9, 26.6, 26.3, 26.1, 23.4, 22.8, 22.0; 

31P NMR (202 MHz, CDCl3)  = 35.3 (s, 1P); 

IR (KBr) ~  = 2962, 2927, 2851, 1431, 1414, 1383, 1326, 1269, 1238, 1170, 1047, 803, 758, 

734 cm-1; 

MS (FD/FI): m/z calcd for for C47H73
35ClN3O2P102Ru: 879.3; found: 879.3 (M+). 

 

2.1. Solid state structure of catalyst 8 
The structure of 8 compound (see Figure 2) has been determined by single crystal X-ray 

diffraction technique. 

The data were collected using the BRUKER KAPPA APEXII ULTRA controlled by APEXII  

software[ii], equipped with MoKα rotating anode X-ray source (λ = 0.71073 Å, 50.0 kV, 22.0 

mA) monochromatized by multi-layer optics and APEX-II CCD detector. The experiments 

were carried out at 100K using the Oxford Cryostream cooling device. The crystal was 

mounted on Mounted CryoLoop with a droplet of Pantone-N oil and immediately cooled. 

Indexing, integration and initial scaling were performed with SAINT[iii] and SADABS[iv] 

software. The data collection and processing statistics are reported in tables for according 

structures.The crystal was positioned at 40 mm from the CCD camera. 1280 frames were 

measured at 0.5o intervals with a counting time of 20 sec. 

The structure was solved by direct methods approach using the SHELXS-97[v] program and 

refined with the SHELXL-97[vi]. Numerical absorption correction  has been applied in the 

scaling procedure. After structure solution, it was found that 18% of the total cell volume was 

filled with disordered solvent molecules, which could not be modeled in terms of atomic sites. 

From this point on, residual peaks were removed and the solvent region was refined as a 

diffuse contribution without specific atom positions by using the PLATON[vii] module 

SQUEEZE[viii] which subtracts electron density from the void regions by appropriately 

modifying the diffraction intensities of the overall structure. An electron count over the 
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solvent region provided an estimate for the number of solvent molecules removed from the 

unit cell. The number of electrons thus located was assigned to 2 molecules of 

dichloromethane. Applying this procedure led to significant improvement for all refinement 

parameters and a minimization of residuals. 

The refinement was based on F2 for all reflections except those with negative intensities. 

Weighted R factors wR and all goodness-of-fit S values were based on F2, whereas 

conventional R factors were based on the amplitudes, with F set to zero for negative F2. The 

F0
2 > 2σ ( F0

2) criterion was applied only for R factors calculation was not relevant to the 

choice of reflections for the refinement. The R factors based on F2 are for all structures about 

twice as large as those based on F. The hydrogen atoms were located in idealized geometrical 

positions, except hydrogen in solvent molecule. Scattering factors were taken from Tables 

4.2.6.8 and 6.1.1.4 from the International Crystallographic Tables Vol.C[ix]. 

 

Table 1. Experimental details 

 

Crystal data 

Chemical formula C47H73ClN3O2PRu 

Mr 879.57 

Crystal system, space 
group 

Monoclinic, P21/c 

Temperature (K) 100 

a, b, c (Å) 14.9004 (18), 14.2899 (13), 24.009 (2) 

 (°) 94.636 (7) 

V (Å3) 5095.4 (9) 

Z 4 

Radiation type Mo K  

 (mm-1) 0.43 

Crystal size (mm) 0.22 × 0.10 × 0.09 

Data collection 

Diffractometer Kappa ApexII Ultra CCD  
diffractometer 

Absorption correction Numerical  
SADABS2008/1 - Bruker AXS area detector scaling and absorption 
correction 

 Tmin, Tmax 0.912, 0.963 

No. of measured, 
independent and 
observed [I > 2 (I)] 
reflections 

117503, 9009, 5506   
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Rint 0.230 

Refinement 

R[F2 > 2 (F2)], wR(F2), S 0.142,  0.325,  1.10 

No. of reflections 9009 

No. of parameters 497 

No. of restraints 80 

H-atom treatment H-atom parameters constrained 

 w = 1/[ 2(Fo
2) + (0.1126P)2 + 70.6126P]   

where P = (Fo
2 + 2Fc

2)/3 

ρmax, ρmin (e Å-3) 2.57, -1.15 
Computer programs: Bruker SMART, Bruker SAINT, SHELXS97 (Sheldrick, 1990), SHELXL97 (Sheldrick, 

1997), WinGX, Mercury, Bruker SHELXTL. 

 

 
 

(a) (b) 
Figure1. Packing of molecules in crystal lattice for (a) view along the X direction (b) view 
along the Y direction 
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Table 2. Selected geometric parameters for structure 7 (distance [Å], angle [º]) 

C1—N2 1.333 (15) C27—C28 1.555 (18) 

C1—N1 1.358 (15) C30—N3 1.299 (16) 

C1—Ru1 2.069 (12) C30—C31 1.378 (16) 

C2—C3 1.487 (17) C31—Ru1 1.878 (12) 

C2—N1 1.483 (15) C32—C33 1.531 (18) 

C3—N2 1.367 (17) C32—C37 1.544 (18) 

C4—C9 1.334 (18) C32—P1 1.861 (14) 

C4—C5 1.428 (18) C33—C34 1.53 (2) 

C4—N2 1.456 (16) C34—C35 1.51 (2) 

C5—C6 1.43 (2) C35—C36 1.49 (2) 

C5—C13 1.52 (2) C36—C37 1.54 (2) 

C6—C7 1.29 (2) C38—C39 1.511 (16) 

C7—C8 1.40 (2) C38—C43 1.544 (16) 

C8—C9 1.43 (2) C38—P1 1.847 (12) 

C9—C10 1.525 (18) C39—C40 1.522 (16) 

C10—C11 1.525 (18) C40—C41 1.526 (17) 

C10—C12 1.535 (19) C41—C42 1.506 (19) 

C13—C14 1.47 (2) C42—C43 1.521 (17) 

C13—C15 1.54 (3) C44—C45 1.52 (2) 

C16—C17 1.396 (18) C44—C49 1.544 (19) 

C16—C22 1.402 (18) C44—P1 1.836 (12) 

C16—N1 1.437 (17) C45—C46 1.52 (2) 

C17—C19 1.366 (19) C46—C47 1.51 (2) 

C17—C27 1.524 (17) C47—C48 1.47 (2) 

C19—C20 1.397 (19) C48—C49 1.561 (19) 

C20—C21 1.39 (2) N3—O2 1.269 (13) 

C21—C22 1.404 (19) N3—O1 1.330 (13) 

C22—C23 1.496 (18) O1—Ru1 2.055 (8) 

C23—C24 1.528 (18) P1—Ru1 2.406 (3) 

C23—C26 1.538 (18) Cl1—Ru1 2.374 (3) 

C27—C29 1.53 (2)   

 

N2—C1—N1 105.4 (10) C35—C34—C33 109.7 (13) 

N2—C1—Ru1 131.5 (9) C36—C35—C34 112.1 (14) 

N1—C1—Ru1 122.3 (9) C35—C36—C37 110.0 (13) 

C3—C2—N1 98.9 (10) C36—C37—C32 110.6 (13) 

N2—C3—C2 107.1 (11) C39—C38—C43 111.4 (10) 
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C9—C4—C5 124.0 (12) C39—C38—P1 117.2 (8) 

C9—C4—N2 119.1 (11) C43—C38—P1 113.1 (8) 

C5—C4—N2 116.6 (11) C38—C39—C40 110.3 (10) 

C4—C5—C6 114.0 (14) C39—C40—C41 111.9 (10) 

C4—C5—C13 122.0 (13) C42—C41—C40 112.5 (11) 

C6—C5—C13 123.8 (14) C41—C42—C43 113.1 (11) 

C7—C6—C5 122.2 (17) C42—C43—C38 109.6 (10) 

C6—C7—C8 124.1 (17) C45—C44—C49 114.9 (12) 

C7—C8—C9 116.1 (15) C45—C44—P1 115.1 (9) 

C4—C9—C8 119.3 (13) C49—C44—P1 112.5 (9) 

C4—C9—C10 125.2 (12) C46—C45—C44 109.9 (13) 

C8—C9—C10 115.4 (13) C47—C46—C45 112.8 (13) 

C9—C10—C11 114.0 (12) C48—C47—C46 111.3 (13) 

C9—C10—C12 110.4 (11) C47—C48—C49 114.3 (13) 

C11—C10—C12 110.0 (13) C44—C49—C48 109.6 (12) 

C14—C13—C5 111.3 (16) C1—N1—C16 127.3 (10) 

C14—C13—C15 109.8 (17) C1—N1—C2 113.2 (10) 

C5—C13—C15 110.6 (16) C16—N1—C2 118.8 (9) 

C17—C16—C22 121.8 (13) C1—N2—C3 114.0 (11) 

C17—C16—N1 120.5 (11) C1—N2—C4 124.3 (10) 

C22—C16—N1 117.7 (11) C3—N2—C4 121.6 (10) 

C19—C17—C16 119.8 (12) O2—N3—C30 132.3 (12) 

C19—C17—C27 118.5 (12) O2—N3—O1 109.8 (10) 

C16—C17—C27 121.7 (13) C30—N3—O1 117.6 (10) 

C17—C19—C20 121.8 (13) N3—O1—Ru1 111.1 (7) 

C21—C20—C19 116.5 (14) C44—P1—C38 105.6 (5) 

C20—C21—C22 124.7 (14) C44—P1—C32 100.5 (6) 

C16—C22—C21 115.2 (12) C38—P1—C32 103.2 (5) 

C16—C22—C23 123.6 (13) C44—P1—Ru1 121.6 (4) 

C21—C22—C23 121.1 (12) C38—P1—Ru1 115.4 (4) 

C22—C23—C24 109.9 (11) C32—P1—Ru1 108.0 (4) 

C22—C23—C26 111.1 (12) C31—Ru1—O1 79.2 (4) 

C24—C23—C26 109.3 (10) C31—Ru1—C1 99.0 (5) 

C29—C27—C17 114.0 (12) O1—Ru1—C1 97.9 (4) 

C29—C27—C28 107.9 (12) C31—Ru1—Cl1 104.2 (4) 

C17—C27—C28 111.0 (12) O1—Ru1—Cl1 176.5 (3) 

N3—C30—C31 115.6 (12) C1—Ru1—Cl1 82.4 (3) 

C30—C31—Ru1 116.4 (10) C31—Ru1—P1 94.0 (3) 

C33—C32—C37 108.1 (11) O1—Ru1—P1 91.9 (2) 

C33—C32—P1 110.1 (9) C1—Ru1—P1 165.0 (3) 
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C37—C32—P1 115.5 (10) Cl1—Ru1—P1 87.22 (10) 

C32—C33—C34 109.2 (11)   

 

N1—C2—C3—N2 10.3 (13) N2—C1—N1—C16 170.1 (11) 

C9—C4—C5—C6 5.6 (19) Ru1—C1—N1—C16 -19.1 (16) 

N2—C4—C5—C6 179.8 (11) N2—C1—N1—C2 -0.6 (14) 

C9—C4—C5—C13 -169.2 (14) Ru1—C1—N1—C2 170.1 (8) 

N2—C4—C5—C13 5.0 (19) C17—C16—N1—C1 -68.5 (16) 

C4—C5—C6—C7 -4 (2) C22—C16—N1—C1 113.2 (13) 

C13—C5—C6—C7 171.0 (16) C17—C16—N1—C2 101.8 (13) 

C5—C6—C7—C8 2 (3) C22—C16—N1—C2 -76.4 (14) 

C6—C7—C8—C9 -2 (2) C3—C2—N1—C1 -6.1 (13) 

C5—C4—C9—C8 -6.1 (19) C3—C2—N1—C16 -177.7 (10) 

N2—C4—C9—C8 179.9 (11) N1—C1—N2—C3 8.3 (14) 

C5—C4—C9—C10 175.4 (11) Ru1—C1—N2—C3 -161.3 (10) 

N2—C4—C9—C10 1.4 (19) N1—C1—N2—C4 -166.8 (11) 

C7—C8—C9—C4 4.2 (19) Ru1—C1—N2—C4 23.7 (18) 

C7—C8—C9—C10 -177.2 (12) C2—C3—N2—C1 -12.4 (15) 

C4—C9—C10—C11 130.7 (14) C2—C3—N2—C4 162.8 (11) 

C8—C9—C10—C11 -47.9 (16) C9—C4—N2—C1 -103.1 (15) 

C4—C9—C10—C12 -104.8 (15) C5—C4—N2—C1 82.4 (15) 

C8—C9—C10—C12 76.6 (15) C9—C4—N2—C3 82.2 (16) 

C4—C5—C13—C14 97.1 (18) C5—C4—N2—C3 -92.3 (15) 

C6—C5—C13—C14 -77 (2) C31—C30—N3—O2 -168.6 (12) 

C4—C5—C13—C15 -140.5 (15) C31—C30—N3—O1 4.3 (16) 

C6—C5—C13—C15 45 (2) O2—N3—O1—Ru1 171.4 (7) 

C22—C16—C17—C19 -0.2 (17) C30—N3—O1—Ru1 -3.0 (12) 

N1—C16—C17—C19 -178.4 (10) C45—C44—P1—C38 162.9 (10) 

C22—C16—C17—C27 176.3 (11) C49—C44—P1—C38 -62.9 (10) 

N1—C16—C17—C27 -1.8 (17) C45—C44—P1—C32 55.8 (12) 

C16—C17—C19—C20 1.2 (19) C49—C44—P1—C32 -170.0 (9) 

C27—C17—C19—C20 -175.5 (12) C45—C44—P1—Ru1 -63.1 (12) 

C17—C19—C20—C21 2 (2) C49—C44—P1—Ru1 71.0 (9) 

C19—C20—C21—C22 -6 (2) C39—C38—P1—C44 89.5 (10) 

C17—C16—C22—C21 -3.3 (17) C43—C38—P1—C44 -42.1 (10) 

N1—C16—C22—C21 174.9 (11) C39—C38—P1—C32 -165.4 (9) 

C17—C16—C22—C23 179.7 (11) C43—C38—P1—C32 63.0 (10) 

N1—C16—C22—C23 -2.1 (17) C39—C38—P1—Ru1 -47.8 (10) 

C20—C21—C22—C16 6 (2) C43—C38—P1—Ru1 -179.4 (7) 

C20—C21—C22—C23 -176.5 (13) C33—C32—P1—C44 -95.7 (10) 
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C16—C22—C23—C24 109.8 (14) C37—C32—P1—C44 141.5 (10) 

C21—C22—C23—C24 -67.0 (16) C33—C32—P1—C38 155.3 (10) 

C16—C22—C23—C26 -129.1 (13) C37—C32—P1—C38 32.6 (11) 

C21—C22—C23—C26 54.1 (16) C33—C32—P1—Ru1 32.7 (11) 

C19—C17—C27—C29 -32.4 (17) C37—C32—P1—Ru1 -90.1 (9) 

C16—C17—C27—C29 151.0 (12) C30—C31—Ru1—O1 1.4 (8) 

C19—C17—C27—C28 89.7 (15) C30—C31—Ru1—C1 -95.0 (9) 

C16—C17—C27—C28 -86.9 (15) C30—C31—Ru1—Cl1 -179.4 (8) 

N3—C30—C31—Ru1 -3.5 (14) C30—C31—Ru1—P1 92.5 (9) 

C37—C32—C33—C34 -60.8 (15) N3—O1—Ru1—C31 0.8 (7) 

P1—C32—C33—C34 172.2 (11) N3—O1—Ru1—C1 98.5 (7) 

C32—C33—C34—C35 60.5 (16) N3—O1—Ru1—Cl1 -167 (3) 

C33—C34—C35—C36 -58.8 (18) N3—O1—Ru1—P1 -92.9 (7) 

C34—C35—C36—C37 56.5 (19) N2—C1—Ru1—C31 -17.1 (13) 

C35—C36—C37—C32 -56.9 (17) N1—C1—Ru1—C31 174.8 (10) 

C33—C32—C37—C36 59.2 (15) N2—C1—Ru1—O1 -97.4 (12) 

P1—C32—C37—C36 -177.0 (10) N1—C1—Ru1—O1 94.5 (10) 

C43—C38—C39—C40 -58.4 (13) N2—C1—Ru1—Cl1 86.1 (12) 

P1—C38—C39—C40 169.2 (8) N1—C1—Ru1—Cl1 -82.0 (10) 

C38—C39—C40—C41 55.2 (14) N2—C1—Ru1—P1 132.6 (12) 

C39—C40—C41—C42 -51.9 (16) N1—C1—Ru1—P1 -35 (2) 

C40—C41—C42—C43 51.8 (15) C44—P1—Ru1—C31 -58.4 (6) 

C41—C42—C43—C38 -53.6 (14) C38—P1—Ru1—C31 71.5 (6) 

C39—C38—C43—C42 57.3 (13) C32—P1—Ru1—C31 -173.6 (6) 

P1—C38—C43—C42 -168.3 (9) C44—P1—Ru1—O1 20.9 (6) 

C49—C44—C45—C46 51.9 (16) C38—P1—Ru1—O1 150.8 (5) 

P1—C44—C45—C46 -175.0 (11) C32—P1—Ru1—O1 -94.3 (5) 

C44—C45—C46—C47 -55.0 (18) C44—P1—Ru1—C1 151.5 (14) 

C45—C46—C47—C48 57.1 (19) C38—P1—Ru1—C1 -78.6 (14) 

C46—C47—C48—C49 -54.3 (18) C32—P1—Ru1—C1 36.3 (15) 

C45—C44—C49—C48 -48.4 (15) C44—P1—Ru1—Cl1 -162.4 (5) 

P1—C44—C49—C48 177.4 (9) C38—P1—Ru1—Cl1 -32.5 (4) 

C47—C48—C49—C44 49.4 (17) C32—P1—Ru1—Cl1 82.4 (5) 
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3. RCM Time-Yield Studies (refer to Table 1 and Figure 3) 
 

Comparative RCM experiments with diene 9 (toluene, 80 °C; carbon tetrachloride, 60 °C or 

chloroform, 60 °C; [diene] = 0.02 M;) were performed as follows. To a stirred solution of 

diene 9 and n-dodecane (used as an internal standard) in toluene, carbon tetrachloride or 

chloroform placed under argon in a Schlenk tube, additive (camphorosulphonic acid, 

hexachloroethene, carbon tetrabromide, trimethylsilyl chloride 4-20 mol%) and catalyst (1-5 

mol%) in were added in a single portion at room temperature and the reaction mixture was 

stirred at 80 °C (toluene) or 60 °C (carbon tetrachloride, chloroform). Aliquots taken in 

regular intervals, were quenched immediately with ice-cold solution of ethyl-vinyl ether (2 M 

in CH2Cl2) and analysed by GC, using HP 6890 chromatograph with HP 5 column. 

9 10

EtO2C

EtO2C

EtO2C

EtO2C

up to 100 %

7
(1-5 mol%)

see Figure 3
and Table 1

 
NMR data of compound 10 are consistent with literature:  D. F. Taber, K. J. 

Frankowski, J. Org. Chem., 2003, 68, 6047-6048.  

4. Preparative experiments 

4.1. RCM reaction (refer to Table 2) 
 

Synthesis of compound 13 

N
O

OTBDMS

 
Diene 12 (343.7 mg; 0.11 mmol) and toluene (5.6 mL) were placed in a Schlenk tube. Next, 

hexachloroethane (10.5 mg, 0.04 mmol,) and complex 7 (8.7 mg; 0.01 mmol) were added and 

the resulting mixture was stirred under argon at 80 °C for 3 hours. From this point forth, all 

manipulations were carried out in air with reagent-grade solvents. The reaction mixture was 

concentrated under vacuum and resulting material was purified by column chromatography on 

silica gel (230-400 mesh, no per-treatment). Elution with c-hexane/EtOAc (9:1 v/v), solvents 

evaporation and drying of residue afforded 13 (301.5 mg, 96%) as a brown oil. 
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1H NMR (400 MHz, CDCl3)  = 5.87-5.64 (m, 2H), 4.20-4.12 (m, 1H), 4.05 (dd, J = 3.0, 

18.2, 1H), 3.52-3.41 (m, 2H), 2.73 (dd, J = 1.4, 15.4 Hz, 1H), 2.46-2.35 (m, 1H), 2.20-2.07 

(m, 1H), 1.23 (d, J = 6.2, 3H), 0.86 (s, 9H), 0.06 (s, 6H); 

 
13C NMR (62.5 MHz, CDCl3)  = 167.1, 123.9, 122.4, 66.9, 65.7, 45.9, 38.1, 28.1, 25.6, 22.8, 

17.9, -4.2,-5.1; 

 
NMR data of compound 13 are consistent with literature: A. G. M. Barrett, S. P. D. 

Baugh, D. C. Braddock, K. Flack, V. C. Gibson, M. R. Giles, E. L. Marshall, P. A. Procopiou, 

A. J. P. White, D. J. Williams, J. Org. Chem., 1998, 63, 7893-7907. 

 

Synthesis of compound 14 

Ph

O

Ph

OHNaBH4, 
MeOH

22 14  
To a stirred solution of ketone 22 (1 g, 5.0 mmol) in methanol (40 mL) sodium borohydride 

was added in portions (309.8 mg; 8.2 mmol). Resulting mixture was stirred at room 

temperature overnight. After that time the mixture was diluted with water and the product was 

extracted with ethyl acetate. The organic layers was separated and washed with water and 

brine, than dried over anhydrous magnesium sulfate. After evaporating solvent to dryness, 

crude product was obtained as a oil which was filtered through thin layer of silica gel 

affording colorless oil as a product 14 (861 mg, 85%) 

 
1H NMR (400 MHz, CDCl3)  = 7.38-7.24 (m, 5H), 5.88-5.71 (m, 2H), 5.11-4.98 (m, 4H), 

4.71-4.67 (m, 1H), 2.23-2.17 (m, 2H) 2.16-2.06 (m, 1H), 2.01-1.86 (m, 3H); 

 
13C NMR (100 MHz, CDCl3)  =          

  ; 
 

IR (film) ~ = 3424, 3075, 2977, 2915, 1640, 1451, 1442, 1029, 1012, 996, 912, 764, 702 cm-1. 

 

HR MS (EI): calcd for C14H18O: 202.13577, found: 202.12514 (M+) 

 

Anal calcd for C14H18O C: 83.12, H: 8.97; found C: 82.99, H: 9.05. 
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Synthesis of compound 15 

Ph

OH

 
Diene 14 (262.7 mg, l.3 mmol) and toluene (6.5 mL) were placed in a Schlenk tube. Next, 

hexachloroethane (12.6 mg, 0.05 mmol) and complex 7 (10.6 mg, 0.013 mmol) were added 

and the resulting mixture was stirred under argon at 80 °C for 3 hours. From this point forth, 

all manipulations were carried out in air with reagent-grade solvents. The reaction mixture 

was concentrated under vacuum and resulting material was purified by column 

chromatography on silica gel (230-400 mesh, no per-treatment). Elution with c-hexane/EtOAc 

(9:1 v/v), solvents evaporation and drying of residue afforded 15 (200.2 mg, 88%) as a oil. 

 
1H NMR (400 MHz, CDCl3)  = 7.39-7.25 (m, 5H), 5.75-5.69 (m, 1H), 5.67-5.61 (m, 1H), 

4.53 (d, J = 8 Hz, 1H), 2.76-2.63 (m, 1H), 2.59-2.39 (m, 2H), 2.25-2.13 (m, 1H), 2.10-1.98 

(m, 1H), 1.94 (s, 1H). 

 
13C NMR (100 MHz, CDCl3)  =          

; 
 

IR (film) ~  = 3396, 3054, 3030, 2927, 2849, 1454, 1280, 1067, 1032, 1019, 941, 761, 700, 

669, 641, 622 cm-1. 

 

Anal calcd for C12H14O C: 82.72, H: 8.10; found C: 82.81, H: 8.22. 

 

 

Synthesis of compound 18 

Ph
OAc

 
Allylbenzene (16) (108.6 mg, 0.9 mmol), diacetoxybutene (312.9 mg, 1.8 mmol) 17 and 

toluene (4.5 mL) were placed in a Schlenk tube. Next, hexachloroethane (17.6 mg, 0.07 

mmol) and complex 7 (14.4 mg, 0.018 mmol) were added and the resulting mixture was 

stirred under argon at 80 °C for 24 hours. From this point forth, all manipulations were carried 

out in air with reagent-grade solvents. The reaction mixture was concentrated under vacuum 

and resulting material was purified by column chromatography on silica gel (230-400 mesh, 

no per-treatment). Elution with c-hexane/EtOAc (9:1 v/v), solvents evaporation and drying of 
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residue afforded 18 (114.1 mg, 65%) a brown oil as a mixture of E and Z isomer (in ratio 4:1, 

respectively). 

 
1H NMR (400 MHz, CDCl3) E isomer  7.36-7.16 (m, 5H), 6.00-5.88 (m, 1H), 5.75-5.58 

(m, 1H), 4.60-4.52 (m, 2H), 3.41 (d, J = 6.6 Hz, 2H), 2.07 (s, 3H). 

 
13C NMR (100 MHz, CDCl3)  170.8, 139.5, 134.5, 128.53, 128.50, 128.4, 128.3, 126.2, 

125.2, 64.9, 38.6, 21.0. 

 
NMR data of compound 18 are consistent with literature: W. H. Henderson , C. T. 

Check , N. Proust, J. P. Stambuli, Org. Lett., 2010, 12, 824–827. 

 

4.2. Isomerization and cycloisomerization reactions (refer to Table 3) 
 

Synthesis of compound 11 

EtO2C

EtO2C

 
Diene 9 (73.5 mg, 0.31 mmol) and methanol (1.5 mL) were placed in a Schlenk tube. Next, 

complex 7 (11.7 mg, 0.015 mmol) was added and the resulting mixture was stirred under 

argon at 65 °C for 50 hours. GC analysis using internal standard (n-dodecane) performed after 

that time indicated yield of 82%. 

 
1H NMR (400 MHz, CDCl3)  4.89 (d, J = –2 Hz, 1H), 4.78 (d, J = –2 Hz, 1H), 4.28-4.08 

(m, 4H), 3.10-2.88 (m, 2H), 2.68-2.46 (m, 2H), 1.80-1.68 (m, 1H), 1.30-1.20 (m, 6H), 1.09 (d, 

J = 6.4 Hz, 3H). 

 
13C NMR (100 MHz, CDCl3)  172.0, 171.9, 153.4, 105.4, 61.4, 58.2, 42.1, 40.4, 37.2, 17.9, 

14.0 

 
NMR data of compound 11 are consistent with literature: N. Hayashi, I. Shibata, A. 

Baba, Org. Lett., 2004, 6, 4981-4983; D. Crich, J. Hwang, S. Gastaldi, F.  Recupero, D. J. 

Wink, J. Org. Chem., 1999, 64, 2877-2882. 
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Synthesis of compound 20 

Ts N
 

Diene 19 (77.4 mg, 0.31 mmol) and methanol (1.5 mL) were placed in a Schlenk tube. Next, 

complex 7 (11.9 mg, 0.015 mmol) was added and the resulting mixture was stirred under 

argon at 65 °C for 50 hours. GC analysis using internal standard performed (n-dodecane, 30 

mg) after that time indicated yield of 88%. 

 
1H NMR (200 MHz, CDCl3)  7.71 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 3.96 (s, 

4H), 2.42 (s, 3H), 1.53 (s, 6H). 

 
NMR data of compound 20 are consistent with literature: M. Arisawa, Y. Terada, K. 

Takahashi, M. Nakagawa, A. Nishida, J. Org. Chem., 2006, 71, 4255-4261. 

 

Synthesis of compound 21 
EtO2C

EtO2C  
Compound 10 (54.1 mg, 0.25 mmol) and trifluoroethanol (2 mL) were placed in a Schlenk 

tube. Next, complex 7 (10.8 mg, 0.014 mmol) was added and the resulting mixture was stirred 

under argon at 70 °C for 71 hours. GC analysis using internal standard performed (n-

dodecane, 30 mg) after that time indicated yield of 75%. 

 
1H NMR (200 MHz, CDCl3)  6.04-5.94 (m, 1H), 5.86-5.78 (m, 1H), 4.28-4.08 (m, 4H), 

2.60-2.30 (m, 4H), 1.24 (t, J = 7.2 Hz, 6H). 

 
NMR data of compound 21 are consistent with literature: T. S. Abram, R. Baker, C. M. 

Exon, V. B. Rao, J. Chem. Soc., Perkin Trans. 1, 1982, 285-294. 
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4.3. RCM and non-metathetic process (refer to Scheme 3) 
 

Synthesis of compound 23 

Ph

O

 
Dienone 22 (260.8 mg; 1.30 mmol) and toluene (6.5 mL) were placed in a Schlenk flask. 

Afterwards hexachloroethane (12.3 mg; 0.052 mmol) and complex 7 (10.3 mg; 0.013 mmol) 

were added and the resulting mixture was stirred under argon at 80 °C for 3 hours. From this 

point forth, all manipulations were carried out in air with reagent-grade solvents. The reaction 

mixture was concentrated under vacuum and resulting material was purified by column 

chromatography on silica gel (230-400 mesh, no pre-treatment). Elution with c-hexane-

EtOAc (18:1), solvents evaporation and drying of residue afforded enone 23 (210.5 mg, 94%) 

as a colorless oil.  

1H NMR (400 MHz, CDCl3)  = 8.02-7.94 (m, 2H), 7.60-7.42 (m, 3H), 5.74-5.64 (m, 2H); 

4.12-4.02 (m, 1H); 2.85-2.65 (m, 4H). 

13C NMR (100 MHz, CDCl3)  = 201.4, 136.4, 132.8, 128.9, 128.5, 44.0, 36.2, 36.2.  

IR (film) ~  = 3058, 2921, 2851, 1683, 1596, 1448, 1356, 1275, 1221, 1016, 692, 674 cm-1 

 

NMR data of compound 23 are consistent with literature: T. Satoh, T. Itaya, K. Okuro, 

M. Miura, M. Nomura, J. Org. Chem., 1995, 60, 7267-7271. 

 

Synthesis of compound 24 

Ph

O

 
Compound 23 (51.9 mg, 0.3 mmol) and methanol (1.5 mL) were placed in a Schlenk tube. 

Next, complex 7 (12.0 mg, 0.015 mmol) was added and the resulting mixture was stirred 

under argon at 65 °C for 50 hours. From this point forth, all manipulations were carried out in 

air with reagent-grade solvents. The reaction mixture was concentrated under vacuum and 

resulting material was purified by column chromatography on silica gel (230-400 mesh, no 

pre-treatment). Elution with c-hexane-EtOAc (18:1), solvents evaporation and drying of 

residue afforded mixture 23 and 24 (in 1:1 ratio according to 1H NMR) as a colorless oil. 
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1H NMR (200 MHz, CDCl3)  8.10-7.90 (m, 2H), 7.64-7.36 (m, 3H), 6.00-5.88 (m, 1H), 

5.84-5.74 (m, 1H), 4.58-4.40 (m, 1H), 2.58-2.40 (m, 2H), 2.35-2.10 (m, 2H). 

 

NMR data of compound 24 are consistent with literature: J. L. C. Kachinsky, R. G. 

Salomon, J. Org. Chem. 1986, 51, 1393-1401; T. Satoh, T. Itaya, K. Okuro, M. Miura, M. 

Nomura, J. Org. Chem., 1995, 60, 7267-7271. 

 

Synthesis of compound 25 

Ph

O

 
Compound 23 (34.4 mg, 0.2 mmol) and toluene (1 mL) were placed in a Schlenk tube. 

Next, complex 7 (8.0 mg, 0.01 mmol) and potassium bi(trimethylsilyl)amide (8.0 mg, 0.02 

mmol) were added and the resulting mixture was stirred under argon at 80 °C for 65 hours. 65 

°C . From this point forth, all manipulations were carried out in air with reagent-grade 

solvents. The reaction mixture was concentrated under vacuum and resulting material was 

purified by preparative thin layer chromatography on silica gel. Elution with c-hexane:EtOAc 

(9:1), solvents evaporation and drying of residue afforded enone 25 (18.1 mg, 53%) as a 

colorless oil. 

 
1H NMR (200 MHz, CDCl3)  7.78-7.66 (m, 2H), 7.58-7.34 (m, 3H), 6.58-6.48 (m, 1H), 

2.84-2.68 (m, 2H), 2.68-2.55 (m, 2H), 2.00 (p, J = 7.4 Hz, 2H). 

 
13C NMR (100 MHz, CDCl3)          

 

NMR data of compound 25 are consistent with literature: C. Körner, P.  Starkov, T. D. 

Sheppard, J. Am. Chem. Soc., 2010, 132, 5968-5969; T. Satoh, T. Itaya, K. Okuro, M. Miura, 

M. Nomura, J. Org. Chem., 1995, 60, 7267-7271. 
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Synthesis of compound 27 

Ph

OH

 
To the stirred solution of complex 7 (15.7 mg, 0.02 mmol) and sodium hydride 60% 

dispersion in mineral oil (2.8 mg, 0.07 mmol) in tetrahydrofuran (2.5 mL) acetophenone (26) 

(120.3 mg, 1.0 mmol) and isopropyl alcohol (2.5 mL) were added. The resulting mixture was 

stirred under argon at 70 °C for 5 hours. From this point forth, all manipulations were carried 

out in air with reagent-grade solvents. The reaction mixture was concentrated under vacuum 

and resulting material was purified by column chromatography on silica gel (230-400 mesh, 

no pre-treatment). Elution with c-hexane-EtOAc (20:1), solvents evaporation and drying of 

residue afforded alcohol 27 (95 mg, 78%) as a colorless oil. 

 
1H NMR (400 MHz, CDCl3)  7.41-7.24 (m, 5H), 4.94-4.84 (q, J = 6.4 Hz, 1H), 2.05 (s, 

1H), 1.50 (d, J =6.4 Hz, 3H). 

 
13C NMR (100 MHz, CDCl3)  

 
NMR data of compound 27 are consistent with literature: J. S. Yadav, B. V. S. Reddy, 

C. Sreelakshmi, A. B. Rao, Synthesis, 2009, 11, 1881-1885. 
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5. Spectroscopy’s (NMR and MS) analysis copies 
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