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1. General Information 

Unless noted otherwise, all solvents were dried by filtration through a Pure–Solv MD–5 Solvent Purification 

System (Innovative Technology). Reaction temperatures were reported as the temperatures of the bath 

surrounding the flasks or cylindrical pressure vessel. Sensitive reagents and solvents were transferred under 

nitrogen into a nitrogen–filled glovebox with standard techniques. Analytical thin–layer chromatography 

(TLC) was carried out using 0.2 mm commercial silica gel plates (silica gel 60, F254, Leyan chemical). 

Cylindrical pressure vessel (26 x 109 mm (15 mL) with PTFE lined cap attached) were purchased from 

Synthware. Nuclear magnetic resonance spectra (1H NMR, 13C NMR and 19F NMR) were recorded with a 

Bruker Model DMX 500 (500 MHz, 1H at 500 MHz, 13C at 126 MHz,). Chemical shifts were reported in parts 

per million (ppm, δ), downfield from tetramethylsilane (TMS, δ=0.00ppm) and were referenced to residual 

solvent (CDCl3, δ=7.26 ppm (1H) and 77.00 ppm (13C)). All the 19F chemical shifts were not referenced. 

Coupling constants were reported in Hertz (Hz). Data for 1H NMR spectra were reported as follows: chemical 

shift (ppm, referenced to protium, s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, 

td = triplet of doublets, ddd = doublet of doublet of doublets, m = multiplet, coupling constant (Hz), and 

integration). All other materials were obtained from Rhawn Corporation, Aladdin Bio–Chem Technology or 

Energy chemical and were used as received. 

 

2. The screening of different reaction conditions. 

The screening of different nickel precursors. 

 

entry variation 
yield 

(%) 

1 none 90 

2 Ni(cod)2 instead of Ni(PPh3)4 14 

3 Ni(OTf)2 instead of Ni(PPh3)4 29 

4 Ni(acac)2 instead of Ni(PPh3)4 6 

5 
5 mol% Ni(PPh3)4 and 6 mol% Triphos instead of 10 mol% 

Ni(PPh3)4 and 12 mol% Triphos 
13 

6 without nickel catalyst trace 

 

The screening of different base. 

 

entry variation 
yield 

(%) 
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1 none 90 

2 TMP instead of DIPEA 92 

3 Et3N instead of DIPEA 89 

4 dipropylamine instead of DIPEA 13 

5 4-methyipiperdine instead of DIPEA 85 

6 K2CO3 instead of DIPEA 85 

7 DBU instead of DIPEA trace 

8 Ag2CO3 instead of DIPEA trace 

9 Cs2CO3 instead of DIPEA trace 

10 DABCO instead of DIPEA trace 

11 NatOBu instead of DIPEA trace 

12 1.0 equiv. TMP instead of 2.5 equiv. TMP 84 

13 1.5 equiv. TMP instead of 2.5 equiv. TMP 85 

14 2.0 equiv. TMP instead of 2.5 equiv. TMP 87 

15 without base 7 

 

The screening of different liagnds. 

 

entry variation 
yield 

(%) 

1 none 92 

2 
Bis(2-diphenylphosphinoethyl)phenylphosphine instead of 

Triphos 
11 

3 Sphos instead of Triphos trace 

4 Davephos instead of Triphos trace 

5 dppp instead of Triphos 14 

6 IPr instead of Triphos trace 

7 PCy3 instead of Triphos trace 

8 Sphos instead of Triphos trace 

9 IMes instead of Triphos trace 

10 dppe instead of Triphos 6 

11 Amphos instead of Triphos trace 

12 without ligand trace 

 

The screening of other reaction conditions. 
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entry variation 
yield 

(%) 

1 none 92 

2 1.0 equiv. B instead of 2.0 equiv. B 43 

3 toluene instead of benzene 84 

4 1,3,5-trimethylbenzene instead of benzene 77 

5 THF instead of benzene 61 

6 DMA instead of benzene trace 

7 NMP instead of benzene trace 

8 DMF instead of benzene 21 

9 r.t. instead of 110 ˚C trace 

10 70 ˚C instead of 110 ˚C trace 

11 100 ˚C instead of 110 ˚C 88 

12 120 ˚C instead of 110 ˚C 84 

 

3. General procedure for substrates synthesis 

General procedure for triflate derivatives synthesis. Aryl triflates were prepared according to previous literature 

procedures.1 

General procedure for epoxide derivatives synthesis.  

Synthesis of compound 1a-1o (procedure A) 

A solution of NaH (33 mol, 2.2 equiv.) and Me3SI (33 mol, 2.2 equiv.) in DMSO (23 mL) and THF (17 mL) 

stirred for 30 min at room temperature in a 200mL flask under N2 atmosphere. Then a solution of A (15 mmol, 

1.0 equiv.) in THF was added dropwise at 0 ˚C. After complete addition, the mixture was warmed to room 

temperature and allowed to stir for 12 hours. The mixture was quenched with sat. NH4Cl and diluted with 

EtOAc. Then the mixture was separated and the aqueous layer was back-extracted with EtOAc. The organic 

layer was washed with brine and dried over Na2SO4. The solvent was removed under reduced pressure and the 

residue was purified by column chromatography with Et3N to give the desired epoxides. 

 

Synthesis of compound 1p (procedure B) 

1p was prepared according to previous literature procedures. 2 

Synthesis of compound 1q (procedure C) 
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Step 1: To a solution of methyltriphenylphosphonium bromide (30 mmol) in dry THF (25 mL) was added 

potassium tertiary-butoxide (20 mmol) at 0 °C under N2 atmosphere. The reaction mixture was stirred for 30 

min at room temperature, after which the solution was cooled to 0 °C and the aldehyde A(10 mmol) was added 

dropwise to it as a solution in dry THF (5 mL). The reaction mixture was further stirred at room temperature 

for overnight. Upon dilution with diethyl ether, the reaction mixture was poured into ice-water and extracted 

twice. The combined organic layers were dried over anhydrous Na2SO4 and evaporated under reduced pressure. 

The crude product was purified by silica gel column chromatography (eluent: Petroleum ether : EtOAc). 

Step 2: To a solution of S1(5 mmol, 1 equiv.) in DCM (15 mL) was added m-CPBA(10 mmol, 2 equiv.) in 

portions at 0 °C and the mixture was stirred for 12 hours until the starting materiel was fully consumed by TLC. 

The reaction was quenched with saturated aqueous NaHCO3 and extracted three times with DCM. The 

combined organic layers were washed with water, saturated aqueous NaHCO3, then brine, dried with MgSO4, 

filtered, and concentrated under reduced pressure, then it was purified by column chromatography with Et3N 

to give the desired epoxides. 

Synthesis of compound 1r, 1t-1y (procedure D) 

 

A solution of NaH (15 mol, 1.5 equiv.) and Me3SOI (15 mol, 1.5 equiv.) in DMSO (15 mL) and THF (10 mL) 

stirred for 30 min at 60 ˚C in a 200mL flask under N2 atmosphere. Then a solution of A (10 mmol, 1.0 equiv.) 

in THF was added dropwise at room temperature and allowed to stir for 12 hours. After complete addition, 

the mixture was quenched with sat. NH4Cl and diluted with EtOAc. Then the mixture was separated and the 

aqueous layer was back-extracted with EtOAc. The organic layer was washed with brine and dried over Na2SO4. 

The solvent was removed under reduced pressure and the residue was purified by column chromatography 

with Et3N to give the desired epoxides. 

Synthesis of compound 1s (procedure E) 

 

S1 was prepared according to previous literature procedures,3 and then 1s prepared according to procedure D. 
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4. General procedures for the nickel–catalyzed cross–coupling reactions 

 

A flame–dried 15 mL cylindrical pressure vessel was charged with 2-mesityloxirane 1a (0.3 mmol, 1.0 equiv.) 

and phenyl trifluoromethanesulfonate 2a (0.6 mmol, 2.0 equiv.). The cylindrical pressure vessel was directly 

transferred into a nitrogen-filled glovebox without caps. Then, Ni(PPh3)4 (33.2 mg, 0.03 mmol, 10 mol%), 

Triphos (22.5 mg, 0.036 mmol, 12 mol%), TMP (105.9 mg, 0.75 mmol, 2.5 equiv.) and 1.5 mL dry benzene 

were added. Then the cylindrical pressure vessel was tightly sealed, transferred out of the glovebox and stirred 

at 110 °C or 130 °C with corresponding reaction time. After the completion of the reaction, the solvent was 

removed in vacuo and the residue was purified by flash column chromatography on silica gel to give the desired 

ketone product 3a. 
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5. Characterization data for the products 

3a (CAS: 5350-76-5): 1H NMR (500 MHz, CDCl3) δ 8.12 – 8.02 (m, 2H), 7.63 – 

7.53 (m, 1H), 7.47 – 7.51 (m, 2H), 6.89 (s, 2H), 4.33 (s, 2H), 2.28 (s, 3H), 2.18 

(s, 6H). 13C NMR (126 MHz, CDCl3) δ 197.2, 137.2, 136.9, 136.4, 133.2, 129.3, 

128.9, 128.7, 128.1, 39.4, 21.0, 20.4. All spectral data was in accord with the 

literature.7 

3b (CAS: 6332-83-8): 1H NMR (500 MHz, CDCl3) δ 8.09 – 8.03 (m, 2H), 7.64 – 7.58 

(m, 1H), 7.54 – 7.59 (m, 2H), 7.30 – 7.22 (m, 2H), 7.21 – 7.13 (m, 2H), 4.34 (s, 2H), 

2.30 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 197.5, 136.9, 133.5, 133.2, 130.4, 130.3, 

128.7, 128.36, 127.3, 126.1, 43.5, 19.8. All spectral data was in accord with the 

literature.9 

3c (CAS: 133145-62-7):1H NMR (500 MHz, CDCl3) δ 8.09-8.04 (m, 2H), 7.64 – 7.58 

(m, 1H), 7.54 – 7.48 (m 2H), 7.31 – 7.25 (m, 2H), 7.24 – 7.17 (m, 1H), 7.15 (d, J = 

7.4 Hz, 1H), 4.37 (s, 2H), 2.64 (q, J = 7.5 Hz, 2H), 1.24 (t, J = 7.5 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 197.8, 142.6, 136.9, 133.2, 132.7, 130.6, 128.7, 128.5, 128.4, 

127.4, 126.0, 42.9, 26.0, 14.8. All spectral data was in accord with the literature.13 

3d (CAS: 3826-47-9):1H NMR (500 MHz, CDCl3) δ 8.10 – 8.03 (m, 2H), 7.64 – 7.58 

(m, 1H), 7.53 – 7.43 (m, 2H), 7.34 – 7.02 (m, 5H), 4.36 (s, 2H). 13C NMR (126 MHz, 

CDCl3) δ 196.3, 161.0 (d, J = 246.1 Hz), 136.4, 133.3, 131.7(d, J = 4.5 Hz), 128.9 (d, 

J = 8.3 Hz), 128.7, 128.4, 124.2(d, J = 3.7 Hz), 121.9 (d, J = 16.2 Hz), 115.4(d, J = 

22.0 Hz), 38.6.
 19F NMR (471 MHz, CDCl3) δ -117.14. All spectral data was in accord with the literature.10 

3e (CAS: 57479-60-4): 1H NMR (500 MHz, CDCl3) δ 8.09-8.03 (m, 2H), 7.64 – 7.60 

(m, 1H), 7.54 – 7.49 (m, 2H), 7.50-7.43 (m, 1H), 7.28-7.24 (m, 3H), 4.47 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ 196.4, 136.6, 134.5, 133.3, 133.2, 131.7, 129.5, 128.7, 

128.6, 128.4, 126.9, 43.2. All spectral data was in accord with the literature.10 

3f (CAS: 34403-03-7): 1H NMR (500 MHz, CDCl3) δ 8.09 – 8.03 (m, 2H), 7.62 – 

7.55 (m, 1H), 7.52 – 7.46 (m, 2H), 7.30 – 7.22 (m, 1H), 7.12 (dd, J = 9.3, 6.2 Hz, 

3H), 4.28 (s, 2H), 2.37 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 197.8, 138.3, 136.7, 

134.5, 133.2, 130.2, 128.7, 128.6, 127.7, 126.5, 45.5, 21.4. All spectral data was in 

accord with the literature.8 

3g (CAS: 29955-26-8): 1H NMR (500 MHz, CDCl3) δ 8.08 – 8.00 (m, 2H), 7.60 – 

7.56 (m, 1H), 7.50 – 7.45 (m, 2H), 7.29 – 7.25 (m, 1H), 6.89 (d, J = 7.8 Hz, 1H), 

6.87 – 6.79 (m, 2H), 4.28 (s, 2H), 3.81 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 

197.5, 159.8, 136.6, 136.0, 133.2, 129.7, 128.7, 121.8, 115.1, 112.4, 55.2, 45.6. All 

spectral data was in accord with the literature.11 

3h (CAS: 27798-43-2): 1H NMR (500 MHz, CDCl3) δ 8.06 – 7.99 (m, 2H), 7.64 – 

7.57 (m, 1H), 7.53 – 7.47 (m, 2H), 7.34 – 7.22 (m, 3H), 7.20-7.15 (m, 1H), 4.29 

(s, 2H). 13C NMR (126 MHz, CDCl3) δ 196.8, 136.4, 136.4, 134.4, 133.4, 129.9, 

129.7, 128.8, 128.6, 127.8, 127.2, 44.9. All spectral data was in accord with the 

literature.10 
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3i (CAS: 1914649-83-4): 1H NMR (500 MHz, CDCl3) δ 8.07 – 7.97 (m, 2H), 7.68 

– 7.58 (m, 1H), 7.54 – 7.48(m, 2H), 7.33 (dd, J = 7.0, 2.0 Hz, 1H), 7.28 – 7.04 

(m, 2H), 4.27 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 196.7, 157.3 (d, J = 248.2 

Hz), 136.3, 133.5, 131.7, 131.4 (d, J = 3.9 Hz), 129.3 (d, J = 7.2 Hz), 128.8, 128.5, 

116.7 (d, J = 21.2 Hz), 44.1. 19F NMR (471 MHz, CDCl3) δ -118.2. All spectral data was in accord with the 

literature.8 

3j (CAS: 2430-99-1): 1H NMR (500 MHz, CDCl3) δ 8.10 – 8.00 (m, 2H), 7.62 – 

7.54 (m, 1H), 7.51 – 7.46 (m, 2H), 7.31 – 7.15 (m, 4H), 4.28 (s, 2H), 2.36 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ 197.9, 136.7, 136.5, 133.1, 131.5, 129.4, 129.3, 128.7, 

45.2, 21.1. All spectral data was in accord with the literature.9 

3k (CAS: 27644-00-4): 1H NMR (500 MHz, CDCl3) δ 8.11-8.07 (m, 2H), 7.59 – 7.50 

(m, 5H), 7.47 – 7.40 (m, 4H), 7.38-7.30 (m, 3H), 4.31 (s, 2H). 13C NMR (126 MHz, 

CDCl3) δ 197.6, 140.7, 139.9, 136.7, 133.6, 133.3, 130.0, 128.8, 128.7, 128.7, 127.5, 

127.3, 127.1, 45.2. All spectral data was in accord with the literature.8 

3I (CAS: 83015-77-4): 1H NMR (500 MHz, CDCl3) δ 8.09 – 7.98 (m, 2H), 7.81-

7.76(m, 3H), 7.70 (s, 1H), 7.55 – 7.49 (m, 1H), 7.47 – 7.39 (m, 4H), 7.46 – 7.28 (m, 

1H), 4.42 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 197.7, 136.6, 133.6, 133.3, 132.4, 

132.2, 128.7, 128.7, 128.4, 128.2, 127.7, 127.7, 127.6, 126.2, 125.8, 45.7. All spectral 

data was in accord with the literature.9 

3m (CAS: 347-91-1): 1H NMR (500 MHz, CDCl3) δ 8.05-8.01 (m, 2H), 7.64 – 7.56 

(m, 1H), 7.52 – 7.47 (m, 2H), 7.29 – 7.25 (m, 1H), 7.25 – 7.23 (m, 1H), 7.10 – 

7.01 (m, 2H), 4.29 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 197.4, 161.9 (d, J = 245.4 

Hz), 136.5, 133.3, 131.1 (d, J = 8.0 Hz), 130.2 (d, J = 2.9 Hz), 128.7, 115.5 (d, J = 

21.2 Hz), 115.4, 44.5. 19F NMR (471 MHz, CDCl3) δ -116.1. All spectral data was in accord with the literature.8 

3n (CAS: 6332-83-8): 1H NMR (500 MHz, CDCl3) δ 8.13 – 7.93 (m, 2H), 7.63 – 7.57 

(m, 1H), 7.52 – 7.47(m, 2H), 7.36 – 7.30 (m, 2H), 7.26 – 7.16 (m, 2H), 4.29 (s, 2H). 

13C NMR (126 MHz, CDCl3) δ 197.1, 136.4, 133.4, 132.9, 132.9, 130.9, 128.8, 128.7, 

128.5, 44.7. All spectral data was in accord with the literature.10 

3o (CAS: 30934-68-0): 1H NMR (500 MHz, CDCl3) δ 8.09 – 7.98 (m, 2H), 7.68 – 

7.58 (m, 3H), 7.53 – 7.49 (m, 2H), 7.36 – 7.43(m, 2H), 4.38 (s, 2H). 13C NMR (126 

MHz, CDCl3) δ 196.7, 138.5, 136.4, 130.0, 129.3 (q, J = 32.4 Hz), 128.8, 128.5, 

125.6 (q, J = 3.7 Hz), 124.2 (q, J = 270.4 Hz), 45.1. 19F NMR (471 MHz, CDCl3) δ  

-62.5. All spectral data was in accord with the literature.8 

3p (CAS: 59824-23-6): 1H NMR (500 MHz, CDCl3) δ 8.08 – 7.98 (m, 1H), 7.64 

(t, J = 7.8 Hz, 2H), 7.52 (t, J = 7.7 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 4.39 (s, 1H).
 

13C NMR (126 MHz, CDCl3) δ 196.14, 139.98, 136.22, 133.69, 132.34, 130.54, 

128.87, 128.46, 118.80, 110.99, 45.22, 29.72. All spectral data was in accord with 

the literature.11 
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3q (CAS: 94161-45-2):
 1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 7.8 Hz, 4H), 

7.57 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 

4.34 (s, 2H), 3.89 (s, 3H).
 13C NMR (126 MHz, CDCl3) δ 196.80, 166.90, 

139.84, 136.41, 133.43, 129.93, 129.65, 128.87, 128.76, 128.55, 52.09, 45.38. 

All spectral data was in accord with the literature.8 

3r 1H NMR (500 MHz, CDCl3) δ 8.05 – 7.95 (m, 2H), 7.54 (t, J = 7.4 Hz, 

1H), 7.48 – 7.39 (m, 4H), 7.37 (t, J = 7.6 Hz, 2H), 7.33 – 7.29 (m, 1H), 7.18 

(d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.6 Hz, 2H), 5.03 (s, 2H), 4.22 (s, 2H).
 13C 

NMR (126 MHz, CDCl3) δ 197.92, 157.83, 137.05, 136.65, 133.13, 130.53, 

128.65, 128.62, 128.60, 127.97, 127.50, 126.82, 115.11, 70.05, 44.65. HRMS 

(ESI): Calculated for C21H19O2 (M + H+): 303.1380, found: 303.1385. 

3s (CAS: 934236-52-9):
 1H NMR (500 MHz, CDCl3) δ 8.06 – 7.99 (m, 

2H), 7.58 – 7.53 (m, 1H), 7.48 – 7.42 (m, 2H), 7.20 (q, J = 8.3 Hz, 4H), 

6.22 (t, J = 1.8 Hz, 1H), 4.26 (s, 2H), 1.89 (d, J = 1.4 Hz, 3H), 1.85 (d, J 

= 1.3 Hz, 3H).
 13C NMR (126 MHz, CDCl3) δ 197.75, 137.35, 136.68, 

135.54, 133.13, 131.88, 129.13, 129.03, 128.66, 124.73, 45.23, 26.92, 19.43. All spectral data was in accord 

with the literature.12 

3t (CAS: 1083-30-3): 1H NMR (500 MHz, CDCl3) δ 8.07 – 7.96 (m, 2H), 7.64 – 

7.57 (m, 1H), 7.51 (dd, J = 8.4, 7.1 Hz, 2H), 7.40 – 7.32 (m, 4H), 7.30 – 7.26 

(m, 1H), 3.35 (t, J = 7.7 Hz, 2H), 3.14 (t, J = 7.7 Hz, 2H).13C NMR (126 MHz, 

CDCl3) δ 199.0, 141.2, 136.7, 132.9, 128.5, 128.4, 128.3, 128.3, 127.9, 126.0, 

40.3, 30.0. All spectral data was in accord with the literature.14 

3u (CAS: 15101-68-5): 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.0 Hz, 

2H), 7.56 (d, J = 14.8 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.22 (t, J = 7.8 

Hz, 1H), 6.85 (d, J = 7.5 Hz, 1H), 6.80 (s, 1H), 6.76 (dd, J = 8.2, 2.5 Hz, 

1H), 3.80 (s, 3H), 3.30 (t, J = 7.7 Hz, 2H), 3.05 (t, J = 7.7 Hz, 2H). 13C 

NMR (126 MHz, CDCl3) δ 199.2, 159.7, 142.9, 136.8, 133.1, 129.5, 128.6, 128.0, 120.8, 114.2, 111.4, 55.2, 

40.4, 30.2. All spectral data was in accord with the literature.14 

3v (CAS: 1669-49-4): 1H NMR (500 MHz, CDCl3) δ 8.00 – 7.96 (m, 2H), 

7.36 – 7.31 (m, 2H), 7.30-7.28 (m, 2H), 7.27 – 7.21 (m, 1H), 6.98 – 6.93 

(m, 2H), 3.90 (s, 3H), 3.30 (t, 7.8Hz, 2H), 3.09(t, 7.8Hz, 2H).
 13C NMR 

(126 MHz, CDCl3) δ 197.8, 163.4, 141.4, 130.3, 129.9, 128.5, 128.4, 126.0, 

113.7, 55.4, 40.1, 30.3. All spectral data was in accord with the literature.14 

3w (CAS: 5739-39-9): 1H NMR (500 MHz, CDCl3) δ 7.95 – 7.89 (m, 2H), 7.51 

– 7.42 (m, 2H), 7.36 – 7.29 (m, 2H), 7.29 – 7.22 (m, 3H), 3.30 (t, J = 7.7 Hz, 

2H), 3.09 (t, J = 7.7 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 198.0, 141.0, 

139.5, 135.1, 129.4, 128.9, 128.5, 128.4, 126.2, 40.4, 30.0. All spectral data was 

in accord with the literature.14 
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3x (CAS: 5407-91-0): 1H NMR (500 MHz, CDCl3) δ 8.04 – 7.86 (m, 2H), 7.57 

– 7.51 (m, 1H), 7.43 (d, J = 7.7 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.25 – 7.15 

(m, 3H), 2.97 (t, J = 7.3 Hz, 2H), 2.72 (t, J = 7.6 Hz, 2H), 2.11-2.05 (m, 2H). 

13C NMR (126 MHz, CDCl3) δ 200.1, 141.7, 137.0, 132.9, 128.5, 128.5, 128.4, 

128.0, 125.9, 37.7, 35.2, 25.7. All spectral data was in accord with the literature.1c  

3y (CAS: 153389-13-0): 1H NMR (500 MHz, CDCl3) δ 7.95 (dd, J = 8.0, 

1.5 Hz, 2H), 7.62 – 7.53 (m, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.15 (d, J = 

8.4 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 3.82 (s, 3H), 2.99 (t, J = 7.3 Hz, 

2H), 2.69 (t, J = 7.5 Hz, 2H), 2.10-2.04 (m, 2H).
 13C NMR (126 MHz, 

CDCl3) δ 200.2, 157.8, 137.0, 133.7, 132.9, 129.4, 128.5, 128.0, 113.8, 55.2, 37.6, 34.3, 25.9. All spectral data 

was in accord with the literature.1c 

3z (CAS: 942-92-7): 1H NMR (500 MHz, CDCl3) δ 7.99 – 7.92 (m, 2H), 7.58 – 7.50 

(m, 1H), 7.47 – 7.43(m, 2H), 2.95 (t, J = 7.4 Hz, 2H), 1.79 – 1.69 (m, 2H), 1.39-1.33 

(m, 4H), 0.99 – 0.82 (m, 3H). 13C NMR (126 MHz, CDCl3) δ 200.6, 137.1, 132.9, 

128.6, 128.1, 38.6, 31.6, 24.1, 22.6, 14.0. All spectral data was in accord with the 

literature.15 

4a (CAS: 33470-10-9): 1H NMR (500 MHz, CDCl3) δ 7.73 – 7.69 (m, 1H), 7.49 – 7.45 

(m, 1H), 7.30 – 7.37(m, 2H), 7.28 – 7.23 (m, 3H), 7.04 – 6.97 (m, 2H), 4.34 (s, 2H), 

3.94 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 200.2, 158.4, 135.3, 133.5, 130.7, 129.7, 

128.4, 128.3, 126.6, 120.7, 111.5, 55.5, 50.2. All spectral data was in accord with the 

literature.18 

4b (CAS: 62381-24-2): 1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 7.6, 1H), 7.57 

(t, J = 2.1 Hz, 1H), 7.41 – 7.34 (m, 3H), 7.32 – 7.26 (m, 3H), 7.13 (dd, J = 8.2, 

2.7 Hz, 1H), 4.30 (s, 2H), 3.86 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 197.5, 

159.9, 138.0, 134.6, 129.6, 129.5, 128.7, 126.9, 121.3, 119.7, 112.9, 55.4, 45.7. All 

spectral data was in accord with the literature.8 

4c (CAS: 1023-17-2): 1H NMR (500 MHz, CDCl3) δ 8.10 – 7.84 (m, 2H), 7.33-7.29 

(m, 2H), 7.29 – 7.21 (m, 3H), 7.01 – 6.81 (m, 2H), 4.22 (s, 2H), 3.84 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 196.3, 163.6, 135.0, 131.0, 129.7, 129.4, 128.7, 126.8, 

113.8, 55.5, 45.3. All spectral data was in accord with the literature.9 

4d (CAS: 73242-07-6): 1H NMR (500 MHz, CDCl3) δ 7.98 – 7.84 (m, 2H), 7.33 – 

7.29 (m, 2H), 7.27 – 7.23 (m, 5H), 4.23 (s, 2H), 2.50 (s, 3H). 13C NMR (126 MHz, 

CDCl3) δ 196.7, 146.1, 134.7, 132.9, 129.4, 129.1, 128.7, 126.9, 125.0, 45.4, 14.8. 

All spectral data was in accord with the literature.16  

4e (CAS: 2725744-92-1): 1H NMR (500 MHz, CDCl3) δ 7.71 (d, J = 8.0 Hz, 1H), 

7.35 – 7.30 (m, 2H), 7.28 – 7.22 (m, 3H), 6.99 (dd, J = 8.1, 1.5 Hz, 1H), 6.90 (d, J 

= 1.5 Hz, 1H), 6.48 – 6.33 (m, 2H), 4.33 (s, 2H), 3.94 (s, 3H), 1.94 (d, J = 5.4 Hz, 

3H). 13C NMR (126 MHz, CDCl3) δ 199.1, 159.0, 143.6, 135.5, 131.3, 130.5, 129.7, 128.9, 128.3, 126.5, 126.2, 

118.3, 108.9, 55.4, 50.1, 18.6. 
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4f (CAS: 52856-19-6): 1H NMR (500 MHz, CDCl3) δ 7.29 – 7.25 (m, 2H), 7.25 – 7.17 

(m, 4H), 6.51 (d, J = 8.4 Hz, 2H), 4.04 (s, 2H), 3.73 (s, 6H). 13C NMR (126 MHz, 

CDCl3) δ 202.3, 156.7, 134.4, 130.8, 130.0, 128.2, 126.7, 120.0, 104.0, 55.8, 51.5. All 

spectral data was in accord with the literature.18 

4g (CAS: 3141-93-3): 1H NMR (500 MHz, CDCl3) δ 7.66 (dd, J = 8.4, 2.1 Hz, 1H), 

7.55 (d, J = 2.1 Hz, 1H), 7.42 – 7.13 (m, 5H), 6.87 (d, J = 8.4 Hz, 1H), 4.24 (s, 

2H), 3.93 (s, 3H), 3.90 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 196.3, 153.4, 149.1, 

135.1, 129.8, 129.3, 128.7, 126.8, 123.5, 110.7, 110.0, 56.1, 56.0, 45.2. All spectral 

data was in accord with the literature.18 

4h (CAS: 126266-77-1): 1H NMR (500 MHz, CDCl3) δ 7.65 (dd, J = 8.1, 1.8 Hz, 

1H), 7.50 (d, J = 1.8 Hz, 1H), 7.38 – 7.32 (m, 2H), 7.30 – 7.24 (m, 3H), 6.86 (d, 

J = 8.1 Hz, 1H), 6.05 (s, 2H), 4.23 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 195.8, 

151.9, 148.3, 134.8, 131.4, 129.4, 128.7, 126.9, 125.0, 108.4, 107.9, 101.9, 45.4. 

All spectral data was in accord with the literature.9 

4i (CAS: 121149-70-0): 1H NMR (500 MHz, CDCl3) δ 8.02 – 7.98 (m, 2H), 7.52 – 

7.49 (m, 2H), 7.38 – 7.34 (m, 2H), 7.32 – 7.28 (m, 3H), 4.30 (s, 2H), 1.37 (s, 9H). 

13C NMR (126 MHz, CDCl3) δ 197.3, 156.9, 134.8, 134.1, 129.5, 128.7, 128.7, 126.8, 

125.6, 45.5, 35.1, 31.1. All spectral data was in accord with the literature.17 

4j (CAS: 83882-93-3): 1H NMR (500 MHz, CDCl3) δ 8.06 (d, J = 8.1 Hz, 2H), 

7.37 – 7.32 (m, 2H), 7.31 – 7.22 (m, 5H), 4.27 (s, 2H). 13C NMR (126 MHz, CDCl3) 

δ 196.0, 152.7, 134.8, 134.1, 130.7, 129.4, 128.8, 127.1, 120.4, 118.2 (q, J = 257.7 

Hz), 45.6. 19F NMR (471 MHz, CDCl3) δ -57.6. All spectral data was in accord 

with the literature.20 

4k (CAS:63596-28-1): 1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 8.6 Hz, 2H), 

7.64 – 7.52 (m, 3H), 7.31 (t, J = 7.5 Hz, 2H), 7.24 (m, J = 3.6 Hz, 2H), 4.25 (s, 

2H), 2.19 (s, 3H), 1.64 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 196.6, 168.6, 142.4, 

134.6, 132.2, 130.1, 129.4, 128.7, 126.9, 118.9, 45.4, 24.8. All spectral data was in 

accord with the literature.19 

4l (CAS: 347-84-2): 1H NMR (500 MHz, CDCl3) δ 8.15 – 7.91 (m, 2H), 7.33 (t, J = 

7.5 Hz, 2H), 7.34 – 7.25 (m, 3H), 7.12 (t, J = 8.4 Hz, 2H), 4.25 (s, 2H). 13C NMR 

(126 MHz, CDCl3) δ 196.1, 165.8, (d, J = 255.4 Hz), 134.4, 133.0(d, J = 2.8 Hz), 

131.3(d, J = 9.3 Hz), 129.4, 128.8, 127.0, 115.8 (d, J = 21.4 Hz), 45.5. 19F NMR (471 

MHz, CDCl3) δ -105.0. All spectral data was in accord with the literature.8 

4m (CAS: 1889-71-0): 1H NMR (500 MHz, CDCl3) δ 8.00 – 7.94 (m, 2H), 7.48 – 

7.42 (m, 2H), 7.36 (dd, J = 8.6, 6.5 Hz, 2H), 7.30 – 7.27 (m, 3H), 4.28 (s, 2H). 13C 

NMR (126 MHz, CDCl3) δ 196.4, 139.7, 134.9, 134.2, 130.1, 129.4, 129.0, 128.8, 

127.1, 45.6. All spectral data was in accord with the literature.8 

4n (CAS: 845781-19-3): 1H NMR (500 MHz, CDCl3) δ 8.07 (dd, J = 7.1, 2.2 Hz, 1H), 

7.92 – 7.88 (m, 1H), 7.35-7.30 (m, 2H), 7.29 – 7.22 (m, 3H), 7.20 (t, J = 8.6 Hz, 

1H), 4.23 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 195.0, 161.0 (d, J = 257.3 Hz), 

133.8, 133.7 (d, J = 3.7 Hz), 131.6, 129.4, 129.0 (d, J = 8.3 Hz), 128.9, 127.2, 122.0 
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(d, J = 18.5 Hz), 116.9 (d, J = 21.3 Hz), 45.5. 19F NMR (471 MHz, CDCl3) δ -107.4. 

4o (CAS: 61062-55-3): 1H NMR (500 MHz, CDCl3) δ 8.10 (d, J = 8.1 Hz, 2H), 7.72 

(d, J = 8.1 Hz, 2H), 7.36 – 7.31 (m, 2H), 7.29 – 7.23 (m, 3H), 4.31 (s, 2H). 13C NMR 

(126 MHz, CDCl3) δ 196.6, 139.2, 134.5 (q, J = 33.0 Hz), 133.8, 129.4, 129.0, 128.9, 

127.2, 125.7(q, J = 3.8 Hz), 123.6 (q, J = 272.9 Hz), 122.5, 120.3, 45.9. 19F NMR (471 

MHz, CDCl3) δ -63.2. All spectral data was in accord with the literature.17 

4p (CAS: 6420-94-6): 1H NMR (500 MHz, CDCl3) δ 8.14 – 8.08 (m, 2H), 8.07 – 

8.01 (m, 2H), 7.38 – 7.34 (m, 2H), 7.32 – 7.26 (m, 3H), 4.33 (s, 2H), 2.65 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ 197.4, 197.1, 140.2, 139.7, 134.0, 129.4, 128.8, 

128.5, 127.1, 45.9, 26.9. All spectral data was in accord with the literature.17 

4q (CAS: 898776-56-2): 1H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 8.0, 2H), 8.05 

(d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.8 Hz, 2H), 7.30 – 7.24 (m, 3H), 4.40 (q, J = 7.1, 

2H), 4.31 (s, 2H), 1.40 (t, J = 7.2, 3H). 13C NMR (126 MHz, CDCl3) δ 197.2, 

165.7, 139.7, 134.3, 134.0, 129.8, 129.5, 128.8, 128.5, 127.1, 61.5, 45.9, 14.3. All 

spectral data was in accord with the literature.18 

4r : yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.43 (d, J = 5.0 Hz, 1H), 7.31 (t, J = 

7.4 Hz, 2H), 7.26 – 7.21 (m, 3H), 6.93 (d, J = 5.1 Hz, 1H), 4.19 (s, 2H), 3.90 (s, 

3H). 13C NMR (126 MHz, CDCl3) δ 199.7, 161.8, 147.6, 133.6, 131.4, 130.4, 129.8, 

128.6, 128.0, 127.1, 52.7, 50.3. HRMS (ESI): Calculated for C14H13O3S (M + H+): 

261.0585, found: 261.0584. 

4s (CAS: 1762-15-8): 1H NMR (500 MHz, CDCl3) δ 8.55 (s, 1H), 8.06 (dd, J = 8.7, 

1.8 Hz, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.92 – 7.82 (m, 2H), 7.61 – 7.53 (m, 2H), 

7.39 – 7.27 (m, 4H), 7.27 – 7.23 (m, 1H), 4.42 (s, 2H). 13C NMR (126 MHz, CDCl3) 

δ 197.6, 135.6, 134.7, 134.0, 132.5, 130.4, 129.6, 129.5, 128.7, 128.6, 128.5, 127.8, 

126.9, 126.8, 124.3, 45.6. All spectral data was in accord with the literature.8 

4t (CAS: 6976-03-0): 1H NMR (500 MHz, CDCl3) δ 7.74 – 7.71 (m,2H), 7.71 (t, J = 

2.0 Hz, 2H), 7.35 – 7.28 (m, 2H), 7.28 – 7.22 (m, 4H), 7.12 (d, J = 8.4 Hz, 1H), 

4.24 (s, 2H), 2.84-2.75 (m, 4H), 1.84-1.78 (m, 4H). 13C NMR (126 MHz, CDCl3) δ 

197.6, 143.4, 137.6, 134.9, 134.1, 129.6, 129.5, 129.4, 128.6, 126.8, 125.8, 45.4, 29.7, 

29.4, 23.0, 22.8. All spectral data was in accord with the literature.8 

4u: colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 2.7 Hz, 1H), 7.55 (d, J = 

2.5 Hz, 1H), 7.36 (dd, J = 8.8, 2.7 Hz, 1H), 7.33 – 7.21 (m, 6H), 6.87 (d, J = 8.7 Hz, 

1H), 6.67 (d, J = 8.8 Hz, 1H), 4.39 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 197.7, 

153.7, 149.8, 134.0, 133.2, 130.9, 130.7, 130.6, 129.7, 129.2, 128.6, 128.5, 127.0, 

127.0, 122.0, 118.3, 50.0. HRMS (ESI): Calculated for C20H14O2Cl3 (M + H+): 

391.0059, found: 391.0060. 
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4v: White solid. Melting point: 164 °C. 1H NMR (500 MHz, CDCl3) δ 7.85 – 

7.68 (m, 2H), 7.37 (d, J = 8.1 Hz, 1H), 7.35 – 7.29 (m, 2H), 7.29 – 7.19 (m, 

3H), 4.25 (s, 2H), 2.99-2.92 (m, 2H), 2.51 (dd, J = 19.0, 8.8 Hz, 1H), 2.47 

– 2.39 (m, 1H), 2.32 (td, J = 10.9, 4.0 Hz, 1H), 2.19-2.11 (m 1H), 2.09-2.02 

(m, 2H), 2.01 – 1.93 (m, 1H), 1.69 – 1.58 (m, 2H), 1.58 – 1.42 (m, 4H), 

0.91 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 220.5, 197.5, 145.6, 137.0, 134.8, 

134.3, 129.5, 129.3, 128.7, 126.8, 126.2, 125.7, 50.5, 47.9, 45.4, 44.7, 37.8, 35.8, 31.6, 29.4, 26.3, 25.6, 21.6, 

13.8. HRMS (ESI): Calculated for C26H29O2 (M + H+): 373.2168, found: 373.2171. 
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6. Unsuccessful examples 
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7. DFT calculation for the mechanistic study 

7.1 Computational details  

All calculations were performed using Gaussian 16, Revision A.03 package.4 All of the reactants, intermediates, 

transition states, products were optimized by the DFT with the B3LYP-D3(BJ) functional.5 For geometry 

optimizations and frequency calculations, BS-I basis set system was employed. In BSI, we employed 

LANL2DZ basis set for Ni with effective core potentials, 6-31G(d) basis sets for H, C and O. All the stationary 

structures were characterized with no imaginary frequency and the transition state structures (TSs) were 

characterized with a single imaginary frequency. Intrinsic reaction coordinate (IRC) calculations were 

performed on all the TSs. The solvent effect of benzene was evaluated through the SMD method,6 in which a 

better basis system BS-II was used. In BS-II, we employed SDD basis sets for Ni, 6-311++G(2d,2p) basis sets 

for the other atoms. All reported energies are free energies at a concentration of 1 M and a temperature of 

298.15 K 

7.2 Energy profiles of nickel insertion to epoxide 

 

Figure S5.2.1 Nickel insertion to epoxide 

The formation of intermediate 1 via TS1-2 is estimated to be exothermic about 17 kcal/mol by DFT 

calculations, and the needed free energy barrier is 21.2 kcal/mol, which is affordable under the current 

conditions  

Cartesian coordinates of the optimized structures: 

 

Int1 

E = -3282.346029 a.u. 

0 1 

Ni                 -0.84303400    1.96469300    0.01846500 

 O                 -2.44406000    1.48231900    1.51275800 
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 C                  0.54630700    2.87651800   -2.75488600 

 C                  1.24362100    3.28072300   -4.07337700 

 H                  0.83695800    2.71647800   -4.92132500 

 H                  1.10488100    4.34868300   -4.28052100 

 H                  2.32129100    3.08427900   -4.02359500 

 C                  1.28358100    3.63909200   -1.61855800 

 H                  2.28744800    3.21788800   -1.51270700 

 H                  1.42789800    4.68203900   -1.92302300 

 C                 -0.93754900    3.31428800   -2.89665500 

 H                 -0.98377200    4.40783100   -2.91071900 

 H                 -1.31010000    2.98528600   -3.87280500 

 C                  0.67824000    1.32749400   -2.64768900 

 H                  1.65565600    1.01194000   -3.02996700 

 H                 -0.05870500    0.87524800   -3.32004900 

 P                  0.37173200    0.51644600   -0.97532200 

 P                  0.53868500    3.59158100    0.11518400 

 P                 -2.11172500    2.73723600   -1.54893400 

 C                  2.07035000    0.09099800   -0.39042800 

 C                  2.16301900   -0.76528900    0.72016800 

 C                  3.25318500    0.64246200   -0.89833600 

 C                  3.39540000   -1.07714400    1.28499800 

 H                  1.25888800   -1.18405700    1.14912700 

 C                  4.48946900    0.35317700   -0.31556000 

 H                  3.22694500    1.30997500   -1.75199200 

 C                  4.56753400   -0.51181500    0.77343600 

 H                  3.44038100   -1.75628000    2.13063600 

 H                  5.39113600    0.80648000   -0.71839900 

 H                  5.52930700   -0.74038400    1.22413900 

 C                 -0.20823300   -1.15325500   -1.54454400 

 C                  0.62568800   -2.26304200   -1.74439000 

 C                 -1.58365100   -1.29964000   -1.78500200 

 C                  0.09372200   -3.48542700   -2.15939100 

 H                  1.69233800   -2.17503500   -1.56789400 

 C                 -2.11461300   -2.51440000   -2.21751100 

 H                 -2.23745000   -0.44754400   -1.64296800 

 C                 -1.27616600   -3.61640700   -2.39754500 

 H                  0.75385700   -4.33709500   -2.30302800 

 H                 -3.18103600   -2.59323500   -2.41080000 

 H                 -1.68548100   -4.56934700   -2.72185800 

 C                 -3.39154900    1.78056700   -2.47423500 

 C                 -4.66356700    1.64471600   -1.88664700 

 C                 -3.11363700    1.02638000   -3.62378100 

 C                 -5.61758500    0.78837400   -2.42993500 

 H                 -4.90304500    2.22429000   -0.99904200 
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 C                 -4.06955000    0.16761400   -4.17025700 

 H                 -2.13760000    1.08577900   -4.09437800 

 C                 -5.32446100    0.04114600   -3.57557000 

 H                 -6.59540900    0.70588400   -1.96222400 

 H                 -3.82655700   -0.40732600   -5.05989900 

 H                 -6.06770300   -0.62853400   -3.99887900 

 C                 -3.07284900    4.26658200   -1.17599200 

 C                 -3.65045100    5.06791300   -2.17083800 

 C                 -3.19462400    4.64891800    0.16538600 

 C                 -4.32024900    6.24228700   -1.83033500 

 H                 -3.57973700    4.76840300   -3.21358200 

 C                 -3.87365200    5.81837600    0.50811900 

 H                 -2.72871300    4.03137100    0.92662600 

 C                 -4.43088800    6.61919000   -0.48884100 

 H                 -4.75937900    6.86197500   -2.60801800 

 H                 -3.94344900    6.11607500    1.55012700 

 H                 -4.94845000    7.53742400   -0.22419700 

 C                  0.02116200    5.34072400    0.40524500 

 C                 -0.14940800    5.75597100    1.73761800 

 C                 -0.35563500    6.22434500   -0.61429700 

 C                 -0.67121600    7.01152700    2.03646300 

 H                  0.13775800    5.08751100    2.54503100 

 C                 -0.88588100    7.48080900   -0.31750400 

 H                 -0.25219100    5.93623900   -1.65417400 

 C                 -1.04582100    7.88075300    1.00767300 

 H                 -0.78634000    7.31393600    3.07426900 

 H                 -1.18446900    8.14099200   -1.12700800 

 H                 -1.46270000    8.85685600    1.23930600 

 C                  2.08683900    3.56001000    1.12448200 

 C                  3.03458600    4.59418900    1.09707300 

 C                  2.33399300    2.43225400    1.91302200 

 C                  4.21147700    4.49189200    1.83747100 

 H                  2.84320300    5.48445900    0.50393700 

 C                  3.51153700    2.32716700    2.65396300 

 H                  1.60370800    1.63294500    1.92835200 

 C                  4.45290600    3.35552500    2.61605500 

 H                  4.94063200    5.29768400    1.81052000 

 H                  3.69362900    1.43512600    3.24581100 

 H                  5.37240000    3.27631000    3.19020800 

 C                 -3.07587200    0.22873700    1.20885900 

 H                 -4.15694500    0.28180100    1.09103300 

 H                 -2.54916600   -0.36097300    0.46906700 

 C                 -2.47397700    0.43949500    2.53165400 

 H                 -3.16141100    0.71126100    3.33581200 
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 C                 -1.17575200   -0.13245300    2.99212800 

 C                 -0.87607600   -1.50088300    2.87111700 

 C                 -0.28621400    0.73272300    3.66522600 

 C                  0.30776700   -1.98359400    3.44595500 

 C                  0.88790900    0.21322900    4.20834000 

 C                  1.19739500   -1.14762600    4.12066200 

 H                  0.53562800   -3.04382300    3.36049300 

 H                  1.57432300    0.88701500    4.71540200 

 C                 -1.77429900   -2.47107800    2.13631100 

 H                 -2.83401100   -2.30060700    2.34868600 

 H                 -1.63997300   -2.39428100    1.05005500 

 H                 -1.53678500   -3.50061700    2.42046900 

 C                 -0.59387900    2.20465200    3.79440500 

 H                 -0.69600100    2.66512000    2.80643300 

 H                 -1.53707800    2.37367100    4.33062500 

 H                  0.20304300    2.72181500    4.33548000 

 C                  2.45099700   -1.68951100    4.76267000 

 H                  3.32350000   -1.07573100    4.51160500 

 H                  2.36465400   -1.69609400    5.85680100 

 H                  2.65446800   -2.71610500    4.44145700 

 

TS1-2 

E = -3282.315591 a.u. 

0 1 

Ni                  -0.57296600    1.92223200    0.11623300 

 O                 -2.35459900    0.96289500    0.96805600 

 C                  0.88700800    2.94785600   -2.70138900 

 C                  1.60312200    3.41501800   -3.98588000 

 H                  1.10581400    3.01593100   -4.87838600 

 H                  1.60391600    4.50927000   -4.05867100 

 H                  2.64552300    3.07459800   -4.00043600 

 C                  1.74629900    3.43256500   -1.50368700 

 H                  2.61444700    2.77722000   -1.39548100 

 H                  2.14753600    4.42473700   -1.73262700 

 C                 -0.51728400    3.62270500   -2.70326100 

 H                 -0.39172600    4.66656900   -2.39639300 

 H                 -0.91799100    3.64556800   -3.72281400 

 C                  0.80388600    1.39599700   -2.77132100 

 H                  1.70598400    1.00373900   -3.25299600 

 H                 -0.02384200    1.10989400   -3.42449200 

 P                  0.50278600    0.46838000   -1.16453200 

 P                  0.93817000    3.47869200    0.19777000 

 P                 -1.73972600    2.87256600   -1.51796700 

 C                  2.16423700   -0.26843500   -0.81153000 
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 C                  2.21598100   -1.26792100    0.17508700 

 C                  3.37806800    0.18650900   -1.34689800 

 C                  3.43045000   -1.77432100    0.62774000 

 H                  1.29005100   -1.64074900    0.59480700 

 C                  4.60000900   -0.31515800   -0.89148000 

 H                  3.38907200    0.94942300   -2.11695700 

 C                  4.63344000   -1.29170800    0.10259900 

 H                  3.43965000   -2.54258100    1.39613800 

 H                  5.52596800    0.06431100   -1.31511600 

 H                  5.58341000   -1.67832800    0.46085000 

 C                 -0.36304400   -1.01834900   -1.82649900 

 C                  0.26175400   -1.95524900   -2.66304200 

 C                 -1.72025600   -1.17271300   -1.51832500 

 C                 -0.46400200   -3.02162900   -3.19148300 

 H                  1.31865000   -1.85169800   -2.89295800 

 C                 -2.44702600   -2.23792000   -2.05228500 

 H                 -2.19765700   -0.45173600   -0.86491400 

 C                 -1.82185100   -3.16196500   -2.88941600 

 H                  0.02710500   -3.74325000   -3.83935600 

 H                 -3.50296000   -2.33693000   -1.81899400 

 H                 -2.38743000   -3.99176000   -3.30514800 

 C                 -2.85274800    1.83369700   -2.56117900 

 C                 -3.98781500    1.28666200   -1.93440100 

 C                 -2.59074300    1.46847600   -3.88817000 

 C                 -4.82907700    0.41210500   -2.61522700 

 H                 -4.19673400    1.53351700   -0.89919000 

 C                 -3.42613800    0.57807500   -4.56612100 

 H                 -1.73310900    1.87533100   -4.41267000 

 C                 -4.54847500    0.04644300   -3.93478300 

 H                 -5.70183600    0.00506000   -2.11103700 

 H                 -3.19632800    0.30433100   -5.59238700 

 H                 -5.19719800   -0.64720400   -4.46197300 

 C                 -2.89885600    4.25813900   -1.14645300 

 C                 -3.01973000    5.41719400   -1.92157900 

 C                 -3.68440700    4.13473200    0.01062500 

 C                 -3.89375700    6.43671800   -1.54158100 

 H                 -2.42965700    5.53417000   -2.82513900 

 C                 -4.57471300    5.14150000    0.37868500 

 H                 -3.56880500    3.24782900    0.62737500 

 C                 -4.67594200    6.30146400   -0.39373400 

 H                 -3.96709200    7.33646300   -2.14667100 

 H                 -5.17906300    5.02907400    1.27526300 

 H                 -5.35859600    7.09475000   -0.10181400 

 C                  0.36911600    5.24257700    0.29546700 
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 C                 -0.83837300    5.49209500    0.95951300 

 C                  1.04905100    6.33241400   -0.27177600 

 C                 -1.36147700    6.78126200    1.05455300 

 H                 -1.39132000    4.65411500    1.36727300 

 C                  0.52862800    7.62393500   -0.18629700 

 H                  2.00002700    6.18228700   -0.77351700 

 C                 -0.68068700    7.85098900    0.47517100 

 H                 -2.31398500    6.93954100    1.54988000 

 H                  1.06803100    8.45363700   -0.63565200 

 H                 -1.09038000    8.85565000    0.53247200 

 C                  2.48772900    3.51706900    1.21542300 

 C                  2.99216900    4.65829300    1.85549700 

 C                  3.16544700    2.29987500    1.38494200 

 C                  4.15815200    4.58658000    2.62037100 

 H                  2.47296500    5.60613600    1.76459900 

 C                  4.34640200    2.23462800    2.12108700 

 H                  2.75596200    1.39428100    0.95713400 

 C                  4.84699700    3.37817900    2.74550000 

 H                  4.53283000    5.48073700    3.11216300 

 H                  4.85755900    1.28147300    2.22072100 

 H                  5.76046800    3.32803200    3.33213100 

 C                 -1.44127900    1.57283700    2.40566000 

 H                 -1.41020200    2.65021100    2.34677900 

 C                 -2.78522800    0.99938500    2.30332500 

 H                 -2.96290400    0.02016100    2.75518500 

 H                 -3.62542900    1.68096300    2.49631600 

 C                 -0.23478500    0.91101000    2.90203500 

 C                  0.69233100    1.73541800    3.59729500 

 C                  0.01446600   -0.48467700    2.81492200 

 C                  1.85582200    1.17487200    4.11841200 

 C                  0.43480500    3.20402100    3.82942500 

 C                  1.19994600   -0.98868500    3.34856800 

 C                 -0.92312900   -1.45781800    2.13781600 

 C                  2.14804600   -0.18180600    3.98063800 

 H                  2.56694300    1.82588400    4.61935600 

 H                  0.25914900    3.74375200    2.89358600 

 H                 -0.43961700    3.36800300    4.47224100 

 H                  1.29915300    3.67133200    4.30681000 

 H                  1.39747300   -2.05409400    3.24813900 

 H                 -1.73809600   -1.76315400    2.80736100 

 H                 -1.36909900   -1.02933900    1.24074700 

 H                 -0.38919500   -2.37262300    1.86225400 

 C                  3.46340800   -0.75147000    4.44399500 

 H                  3.94726700   -0.10045000    5.17905700 
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 H                  3.34051400   -1.74409200    4.89245700 

 H                  4.15305400   -0.86210400    3.59587500 

 

 

 

 

 

Int2 

E =  -3282.372951 a.u. 

0 1 

Ni                 -0.93228500    2.07117400    0.28236800 

 O                 -2.47436900    1.09177900    0.67732200 

 C                  0.85397900    2.97166300   -2.85134200 

 C                  1.60913700    3.53736100   -4.07202100 

 H                  1.13924700    3.20854300   -5.00670200 

 H                  1.61168100    4.63381700   -4.05992900 

 H                  2.65112100    3.19610400   -4.08093500 

 C                  1.66973300    3.36098900   -1.59198400 

 H                  2.50960000    2.67333400   -1.47170100 

 H                  2.11473600    4.34800000   -1.74956800 

 C                 -0.54397700    3.64846700   -2.83777000 

 H                 -0.42291000    4.67587500   -2.47776800 

 H                 -0.93556400    3.72235600   -3.85754100 

 C                  0.77674200    1.42765400   -3.04000100 

 H                  1.67645600    1.09053400   -3.56500200 

 H                 -0.06324000    1.17732400   -3.69264700 

 P                  0.58051700    0.38572700   -1.48571900 

 P                  0.82083600    3.40550500    0.08261800 

 P                 -1.77061500    2.84431600   -1.70942100 

 C                  2.21367300   -0.46816200   -1.37804000 

 C                  2.27254100   -1.70204000   -0.70419400 

 C                  3.42356200    0.12275000   -1.77311000 

 C                  3.49349200   -2.30950800   -0.42340500 

 H                  1.35081300   -2.19031300   -0.40666600 

 C                  4.64863900   -0.48498000   -1.49127000 

 H                  3.42645500    1.06695300   -2.30725200 

 C                  4.69059200   -1.69986600   -0.80916900 

 H                  3.51048500   -3.26350800    0.09655800 

 H                  5.57026500   -0.00356300   -1.80689900 

 H                  5.64337500   -2.17099800   -0.58552000 

 C                 -0.47691500   -0.99255300   -2.08137400 

 C                 -0.10757900   -1.79788400   -3.17137000 

 C                 -1.67877400   -1.24625400   -1.40866000 

 C                 -0.93300200   -2.83849300   -3.58830700 
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 H                  0.83422700   -1.61620400   -3.68214300 

 C                 -2.49889900   -2.29748100   -1.82775400 

 H                 -1.97959500   -0.60714500   -0.58040200 

 C                 -2.13177600   -3.09046200   -2.91288000 

 H                 -0.64252100   -3.45671700   -4.43367700 

 H                 -3.43380100   -2.48491600   -1.30714500 

 H                 -2.77504200   -3.90471200   -3.23607300 

 C                 -2.80569300    1.74563200   -2.75307700 

 C                 -3.82287900    1.03461500   -2.09331400 

 C                 -2.63740100    1.57172800   -4.13205700 

 C                 -4.65826100    0.18265000   -2.81050200 

 H                 -3.91082800    1.11469100   -1.01461900 

 C                 -3.46504800    0.69966300   -4.84170400 

 H                 -1.86404500    2.10934100   -4.67029200 

 C                 -4.48074200    0.00741600   -4.18431300 

 H                 -5.43739100   -0.36588200   -2.28841900 

 H                 -3.31549800    0.56757100   -5.90976500 

 H                 -5.12477100   -0.67038500   -4.73740800 

 C                 -2.95805000    4.18233800   -1.29095900 

 C                 -3.06286200    5.37622200   -2.01287500 

 C                 -3.76959100    3.98491500   -0.16159500 

 C                 -3.95027500    6.37180000   -1.60148900 

 H                 -2.45164500    5.54240600   -2.89430600 

 C                 -4.66363700    4.97681600    0.23798000 

 H                 -3.66749300    3.05825000    0.39886100 

 C                 -4.75047700    6.17560400   -0.47529900 

 H                 -4.01600000    7.30003300   -2.16244200 

 H                 -5.28625800    4.81795700    1.11436200 

 H                 -5.44048400    6.95190900   -0.15607500 

 C                  0.34668000    5.17510000    0.26260100 

 C                 -0.89157200    5.45791200    0.85550900 

 C                  1.13535500    6.24482900   -0.19119400 

 C                 -1.34200900    6.77191100    0.97993500 

 H                 -1.51290700    4.63755900    1.19119900 

 C                  0.68841900    7.55954900   -0.06437700 

 H                  2.10886700    6.05964600   -0.63487900 

 C                 -0.55424100    7.82499900    0.51685700 

 H                 -2.31685500    6.96315900    1.41664100 

 H                  1.30963800    8.37674500   -0.42048500 

 H                 -0.90514400    8.84942400    0.60451700 

 C                  2.30214800    3.19090500    1.14405200 

 C                  2.92730400    4.23998600    1.82757700 

 C                  2.83919200    1.89777100    1.23267300 

 C                  4.08497200    4.00051800    2.57038600 
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 H                  2.50962700    5.24012900    1.79193700 

 C                  4.00281200    1.66578800    1.95889800 

 H                  2.33660200    1.06906400    0.75225800 

 C                  4.63069700    2.71806300    2.62793200 

 H                  4.56005800    4.82032600    3.10237600 

 H                  4.40139900    0.65804600    2.01567600 

 H                  5.53409000    2.53618600    3.20371000 

 C                 -1.01236500    1.93045700    2.26612400 

 H                 -1.23587700    2.95572100    2.55157300 

 C                 -2.31097000    1.14794600    2.08463000 

 H                 -2.28653100    0.14248700    2.52698000 

 H                 -3.15831400    1.67961800    2.55834500 

 C                  0.13271600    1.40171200    3.03783900 

 C                  0.81710300    2.27217400    3.93329100 

 C                  0.60231600    0.06953500    2.92721300 

 C                  1.90952500    1.81315000    4.66481400 

 C                  0.38364400    3.70770600    4.12428400 

 C                  1.70657100   -0.34663400    3.67864700 

 C                 -0.02628200   -0.93644200    1.99339000 

 C                  2.38026600    0.50268700    4.55296900 

 H                  2.42026200    2.50483500    5.33200300 

 H                  0.40464800    4.27721600    3.18866800 

 H                 -0.63855900    3.77877700    4.51781300 

 H                  1.04895000    4.21644000    4.82878900 

 H                  2.05699200   -1.37089800    3.55977900 

 H                 -0.86286600   -1.47049200    2.46104400 

 H                 -0.41662600   -0.45907400    1.09304900 

 H                  0.71142900   -1.68905900    1.69948100 

 C                  3.59814100    0.04883000    5.31775600 

 H                  3.74985100   -1.03164800    5.22309000 

 H                  4.50614400    0.54539000    4.94864500 

 H                  3.51800900    0.28434900    6.38623400 
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9. 1H NMR, 13C NMR, and 19F NMR spectra 
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