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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 (1S mL) with PTFE lined cap attached) were purchased from
Synthware. Nuclear magnetic resonance spectra ('"H NMR, *C NMR and ’F NMR) were recorded with a
Bruker Model DMX 500 (500 MHz, 'H at 500 MHz, *C at 126 MHz,). Chemical shifts were reported in parts
per million (ppm, §), downfield from tetramethylsilane (TMS, §=0.00ppm) and were referenced to residual
solvent (CDCl;, §=7.26 ppm (*H) and 77.00 ppm (C)). All the “F chemical shifts were not referenced.
Coupling constants were reported in Hertz (Hz). Data for '"H 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.

Me o)

- Ni(PPhs), 10 mol% Me O
Triphos 12 mol%
* DIPEA 2.5 equiv. o
Me Me Me M

benzene 0.5 mL e
110°C, 24 h
1.0 equiv. 2.0 equiv.
0.1 mmol
. yield
entry variation (%)
1 none 90
2 Ni(cod), instead of Ni(PPhs)4 14
3 Ni(OTf), instead of Ni(PPhs)4 29
4 Ni(acac): instead of Ni(PPhs)4 6
s S mol% Ni(PPhs)s and 6 mol% Triphos instead of 10 mol% 3
Ni(PPhs)4and 12 mol% Triphos
6 without nickel catalyst trace

The screening of different base.

Me O orf Ni(PPhs), 10 mol% Me O
Triphos 12 mol%
* DIPEA 2.5 equiv. o
Me Me Me M

benzene 0.5 mL €
110°C, 24 h

1.0 equiv. 2.0 equiv.
0.1 mmol

yield
(%)

entry variation
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none
TMP instead of DIPEA
Et:N instead of DIPEA
dipropylamine instead of DIPEA
4-methyipiperdine instead of DIPEA
K,CO:s instead of DIPEA
DBU instead of DIPEA
Ag,CO:s instead of DIPEA
Cs:COs instead of DIPEA
DABCO instead of DIPEA
Na‘OBu instead of DIPEA
1.0 equiv. TMP instead of 2.5 equiv. TMP
1.5 equiv. TMP instead of 2.5 equiv. TMP
2.0 equiv. TMP instead of 2.5 equiv. TMP

without base

90
92
89
13
85
85
trace
trace
trace
trace
trace
84
85
87

The screening of different liagnds.

Me

oTf
- T
Me Me

o]

Ni(PPh3)4 10 mol%
Triphos 12 mol%

Me

LT
Me M

TMP 2.5 equiv.
benzene 0.5 mL e
110°C, 24 h
1.0 equiv. 2.0 equiv.
0.1 mmol

o yield

entry variation (%)

1 none 92

Bis(2-diphenylphosphinoethyl)phenylphosphine instead of 1

Triphos

3 Sphos instead of Triphos trace
4 Davephos instead of Triphos trace

) dppp instead of Triphos 14
6 IPr instead of Triphos trace
7 PCy; 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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Me O orf Ni(PPhs), 10 mol% Me O
Triphos 12 mol%
* TMP 2.5 equiv. o
Me Me Me M

benzene 0.5 mL e
110°C, 24 h
1.0 equiv. 2.0 equiv.
0.1 mmol
yield
entry variation
(%)
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
S THE instead of benzene 61
6 DMA instead of benzene trace
7 NMP instead of benzene trace
8 DMEF 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. !

General procedure for epoxide derivatives synthesis.

Synthesis of compound 1a-10 (procedure A)

A solution of NaH (33 mol, 2.2 equiv.) and MesSI (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 N> 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 Na,SO.. The solvent was removed under reduced pressure and the

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

Me3SI 2.2 equiv.

o)
r X 0 NaH 2.2 equiv. N
L~ DMSO THF R

0°C tort.

Synthesis of compound 1p (procedure B)
1p was prepared according to previous literature procedures. >

Synthesis of compound 1q (procedure C)
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AN
O X
MePPh3Br _CPBA
8 t-BuOK, THF DCM o
(@]
tep 1 step 2
A siep S1 P

1q

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 N 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 Na,SO. 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 MgSO,,
filtered, and concentrated under reduced pressure, then it was purified by column chromatography with Et:N
to give the desired epoxides.

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

Me3SOI 1.5 equiv. o]
i X 0 NaH 1.5 equiv. X
L DMSO THF RL
60 °C tort.

A

A solution of NaH (15 mol, 1.5 equiv.) and Me;SOI (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 N, 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 Na,SOa.
The solvent was removed under reduced pressure and the residue was purified by column chromatography
with Et:N to give the desired epoxides.

Synthesis of compound 1s (procedure E)

N \wL/ n-BuLi, THF AN

/@/\O . P _ tBuOK m &» O\/m

S X

Br @ I~ DMF, 0 °C to rt. Br DMF
S1

step 1 step 2

S1 was prepared according to previous literature procedures,® and then 1s prepared according to procedure D.
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Me Me Et F cl
Me Me
1a 1b 1c 1d 1e 1f
Me0\©/ﬁo C'O/AO Cljij/AO /@/AO /@/AO I l /20
F Me Ph OO
19 1h 1i 1j 1k 11
o o} o o o} o
MeO
F cl CF; NC BnO
o)
1m 1n 10 1p 1q r
o MeO
A MeO o /©\/AO
cl
1s R=H, 1x
1t Tu v w R=OMe, 1y

4. General procedures for the nickel—catalyzed cross—coupling reactions

Me o o Ni(PPhs), 10 mol% Me O
Triphos 12 mol%
* TMP 2.5 equiv. 0
Me Me benzene 1.5 mL Me Me

1a 2a 110°C, 24 h 3a
1.0 equiv. 2.0 equiv.

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(PPhs)4 (33.2 mg, 0.03 mmol, 10 mol%),
Triphos (22.5 mg, 0.036 mmol, 12 mol%), TMP (105.9 mg, 0.7S 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): "HNMR (500 MHz, CDCl:) § 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). ®C NMR (126 MHz, CDCL) § 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

7

—_
=
o
o
]
IS
(=g
=
=]
o

3b (CAS: 6332-83-8): 'HNMR (500 MHz, CDCl;) § 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). *CNMR (126 MHz, CDCl;) § 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.’

3¢ (CAS: 133145-62-7):'HNMR (500 MHz, CDCl;) § 8.09-8.04 (m, 2H), 7.64 - 7.58

O (m, 1H), 7.54 - 7.48 (m 2H), 7.31 - 7.25 (m, 2H), 7.24 - 7.17 (m, 1H), 7.15 (d, ] =

O T 7.4 Hz, 1H), 4.37 (s, 2H), 2.64 (q, ] = 7.5 Hz, 2H), 1.24 (¢, ] = 7.5 Hz, 3H). "CNMR

(126 MHz, CDCL;) § 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."

3d (CAS: 3826-47-9):'HNMR (500 MHz, CDCL) & 8.10 — 8.03 (m, 2H), 7.64 - 7.58
(m, 1H), 7.53 - 7.43 (m, 2H), 7.34 - 7.02 (m, SH), 4.36 (s, 2H). >*CNMR (126 MHz,
CDCl;) § 196.3,161.0 (d, ] = 246.1 Hz), 136.4, 133.3, 131.7(d, ] = 4.5 Hz), 128.9 (d,
o J = 8.3 Hz), 128.7, 128.4, 124.2(d, J = 3.7 Hz), 121.9 (d, ] = 16.2 Hz), 115.4(d, ] =
22.0 Hz), 38.6. Y"FNMR (471 MHz, CDCl;) § -117.14. All spectral data was in accord with the literature.'

O-rl

Cl
(m, 1H), 7.54 - 7.49 (m, 2H), 7.50-7.43 (m, 1H), 7.28-7.24 (m, 3H), 4.47 (s, 2H).
O J 3CNMR (126 MHz, CDCL;) § 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.'

O 3e (CAS: 57479-60-4): "H NMR (500 MHz, CDCl;) § 8.09-8.03 (m, 2H), 7.64 - 7.60

3f (CAS: 34403-03-7): '"HNMR (500 MHz, CDCl;) & 8.09 - 8.03 (m, 2H), 7.62 -

O 7.55 (m, 1H), 7.52 - 7.46 (m, 2H), 7.30 - 7.22 (m, 1H), 7.12 (dd, ] = 9.3, 6.2 Hz,

O 3H), 4.28 (s,2H), 2.37 (s, 3H). *CNMR (126 MHz, CDCl;) § 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.?

3g (CAS: 29955-26-8): "HNMR (500 MHz, CDCl;) & 8.08 - 8.00 (m, 2H), 7.60 -

MeO ‘ 7.56 (m, 1H), 7.50 - 7.45 (m, 2H), 7.29 - 7.25 (m, 1H), 6.89 (d, ] = 7.8 Hz, 1H),
O I 6.87 - 6.79 (m, 2H), 4.28 (s, 2H), 3.81 (s, 3H). “CNMR (126 MHz, CDCl;) §
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."

3h (CAS: 27798-43-2): '"HNMR (500 MHz, CDCL) § 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

“ O (s, 2H). ®C NMR (126 MHz, CDCL;) § 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.*
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3i (CAS: 1914649-83-4): '"HNMR (500 MHz, CDCl;) § 8.07 - 7.97 (m, 2H), 7.68
o O -7.58 (m, 1H), 7.54 - 7.48(m, 2H), 7.33 (dd, J = 7.0, 2.0 Hz, 1H), 7.28 - 7.04
O (m, 2H), 4.27 (s, 2H). *CNMR (126 MHz, CDCL) § 196.7, 157.3 (d, J = 248.2
o]
F

Hz),136.3,133.5,131.7,131.4 (d,] = 3.9 Hz), 129.3 (d,J = 7.2 Hz), 128.8, 128.5,
116.7 (d, J = 21.2 Hz), 44.1. "FNMR (471 MHz, CDCl;) § -118.2. All spectral data was in accord with the

literature.®

3j (CAS: 2430-99-1): "H NMR (500 MHz, CDCL) § 8.10 - 8.00 (m, 2H), 7.62 -
O 7.54 (m, 1H), 7.51 - 7.46 (m, 2H), 7.31 - 7.15 (m, 4H), 4.28 (s, 2H), 2.36 (s, 3H).
O 13CNMR (126 MHz, CDCL) § 197.9, 136.7, 136.5, 133.1, 131.5, 129.4, 129.3, 128.7,
0 45.2,21.1. All spectral data was in accord with the literature.’
h
31 (CAS: 83015-77-4): '"H NMR (500 MHz, CDCl;) § 8.09 - 7.98 (m, 2H), 7.81-
O 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,
0}

1H), 4.42 (s, 2H). "CNMR (126 MHz, CDCL) § 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

3k (CAS: 27644-00-4): "HNMR (500 MHz, CDCL) § 8.11-8.07 (m, 2H), 7.59 - 7.50
(m, SH), 7.47 - 7.40 (m, 4H), 7.38-7.30 (m, 3H), 4.31 (s, 2H). *CNMR (126 MHz,
CDCL) § 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.®

T

data was in accord with the literature.’

3m (CAS: 347-91-1): '"HNMR (500 MHz, CDCL) § 8.05-8.01 (m, 2H), 7.64 — 7.56

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

O 7.01 (m,2H), 4.29 (s, 2H). "CNMR (126 MHz, CDCl;) § 197.4,161.9 (d, ] = 245.4

F ° Hz), 136.5, 133.3, 131.1 (d, J = 8.0 Hz), 130.2 (d, J = 2.9 Hz), 128.7,115.5 (d, ] =
21.2Hz), 115.4,44.5. "FNMR (471 MHz, CDCL;) § -116.1. All spectral data was in accord with the literature.®

O 3n (CAS: 6332-83-8): "HNMR (500 MHz, CDCl;) § 8.13 - 7.93 (m, 2H), 7.63 - 7.57
O (m, 1H), 7.52 - 7.47(m, 2H), 7.36 - 7.30 (m, 2H), 7.26 - 7.16 (m, 2H), 4.29 (s, 2H).
ol 0 BCNMR (126 MHz, CDCL;) § 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.'
30 (CAS: 30934-68-0): "H NMR (500 MHz, CDCL) § 8.09 - 7.98 (m, 2H), 7.68 -
O 7.58 (m, 3H), 7.53 - 7.49 (m, 2H), 7.36 — 7.43(m, 2H), 4.38 (s, 2H). *CNMR (126
o O o MHz, CDCl;) § 196.7, 138.5, 136.4, 130.0, 129.3 (q, J = 32.4 Hz), 128.8, 128.5,
3
125.6 (q, ] = 3.7 Hz), 124.2 (q, ] = 270.4 Hz), 45.1. "FNMR (471 MHz, CDCl;) §

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

3p (CAS: 59824-23-6): '"HNMR (500 MHz, CDCL) § 8.08 - 7.98 (m, 1H), 7.64
O (t,J=7.8Hz,2H),7.52 (t,] = 7.7 Hz, 1H), 7.40 (d, = 8.0 Hz, 1H), 4.39 (s, 1H).
O o BCNMR (126 MHz, CDCl;) § 196.14, 139.98, 136.22, 133.69, 132.34, 130.54,
NC

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

the literature."!
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3q (CAS: 94161-45-2): '"HNMR (500 MHz, CDCL;) §8.00 (d, J = 7.8 Hz, 4H),

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

0 O o 4.34 (s, 2H), 3.89 (s, 3H). “C NMR (126 MHz, CDCL) § 196.80, 166.90,
139.84, 136.41, 133.43,129.93, 129.65, 128.87, 128.76, 128.55, 52.09, 45.38.

o
All spectral data was in accord with the literature.?
3r '"HNMR (500 MHz, CDCL) § 8.05 - 7.95 (m, 2H), 7.54 (t, ] = 7.4 Hz,
1H), 7.48 - 7.39 (m, 4H), 7.37 (t, ] = 7.6 Hz, 2H), 7.33 - 7.29 (m, 1H), 7.18
O I (d, ] = 8.6 Hz, 2H), 6.93 (d, ] = 8.6 Hz, 2H), 5.03 (s, 2H), 4.22 (s, 2H). *C
©/\O NMR (126 MHz, CDCl;) § 197.92, 157.83, 137.0S, 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 C2:H1s02 (M + H*): 303.1380, found: 303.138S.

3s (CAS: 934236-52-9): 'H NMR (500 MHz, CDCl;) § 8.06 - 7.99 (m,
2H), 7.58 - 7.53 (m, 1H), 7.48 - 7.42 (m, 2H), 7.20 (q, ] = 8.3 Hz, 4H),
6.22 (t, ] = 1.8 Hz, 1H), 4.26 (s, 2H), 1.89 (d, J = 1.4 Hz, 3H), 1.85 (d, ]
= 1.3 Hz, 3H). ®"C NMR (126 MHz, CDCl;) § 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.'?

1) 3t (CAS: 1083-30-3): '"HNMR (500 MHz, CDCl;) § 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

O O (m, 1H), 3.35 (t, ] = 7.7 Hz, 2H), 3.14 (t, ] = 7.7 Hz, 2H).*CNMR (126 MHz,
CDCl;) 8§ 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."

o 3u(CAS: 15101-68-5): 'HNMR (500 MHz, CDCl;) § 7.96 (d, J = 7.0 Hz,

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

Hz, 1H), 6.85 (d, ] = 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, ] = 7.7 Hz, 2H). °C

NMR (126 MHz, CDCL) § 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."*

o 3v(CAS: 1669-49-4): '"HNMR (500 MHz, CDCL;) § 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). *C NMR

MeO (126 MHz, CDCLs) § 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.™

3w (CAS: 5739-39-9): '"HNMR (500 MHz, CDCL) §7.95 - 7.89 (m, 2H), 7.51

(0]
-7.42 (m,2H), 7.36 - 7.29 (m, 2H), 7.29 - 7.22 (m, 3H), 3.30 (t, ] = 7.7 Hz,
O O 2H), 3.09 (t, ] = 7.7 Hz, 2H). *C NMR (126 MHz, CDCl;) § 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.'*
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3x (CAS: 5407-91-0): "HNMR (500 MHz, CDCl;) § 8.04 - 7.86 (m, 2H), 7.57

-7.51 (m, 1H), 7.43 (d, ] = 7.7 Hz, 2H), 7.29 (t, ] = 7.6 Hz, 2H), 7.25 - 7.15
O (m, 3H),2.97 (t,] = 7.3 Hz, 2H), 2.72 (t, ] = 7.6 Hz, 2H), 2.11-2.05 (m, 2H).

BCNMR (126 MHz, CDCL) § 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.'

o

MeO 3y (CAS: 153389-13-0): 'HNMR (500 MHz, CDCl;) § 7.95 (dd, J = 8.0,
O Q 1.5 Hz, 2H), 7.62 - 7.53 (m, 1H), 7.47 (t, ] = 7.6 Hz, 2H), 7.15 (d, ] =

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

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

CDCl) §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.'

3z (CAS: 942-92-7): 'THNMR (500 MHz, CDCl;) § 7.99 - 7.92 (m, 2H), 7.58 - 7.50
(m, 1H), 7.47 - 7.43(m, 2H), 2.95 (t, ] = 7.4 Hz, 2H), 1.79 - 1.69 (m, 2H), 1.39-1.33
(m, 4H), 0.99 - 0.82 (m, 3H). *CNMR (126 MHz, CDCl;) § 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.™

4a (CAS: 33470-10-9): "HNMR (500 MHz, CDCL) § 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). "CNMR (126 MHz, CDCL) § 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

(e} OMe
literature.®
(t, ] = 2.1 Hz, 1H), 7.41 - 7.34 (m, 3H), 7.32 - 7.26 (m, 3H), 7.13 (dd, ] = 8.2,

2.7 Hz, 1H), 4.30 (s, 2H), 3.86 (s, 3H). *C NMR (126 MHz, CDCL) § 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

O 4b (CAS: 62381-24-2): '"HNMR (500 MHz, CDCL) § 7.64 (d, ] = 7.6, 1H), 7.57
OMe

o

spectral data was in accord with the literature.®

oMe 4c(CAS: 1023-17-2): 'HNMR (500 MHz, CDCL) § 8.10 - 7.84 (m, 2H), 7.33-7.29
O (m, 2H), 7.29 - 7.21 (m, 3H), 7.01 - 6.81 (m, 2H), 4.22 (s, 2H), 3.84 (s, 3H). *C
NMR (126 MHz, CDCL) § 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.’

(e}

S 4d (CAS: 73242-07-6): '"HNMR (500 MHz, CDCL;) § 7.98 - 7.84 (m, 2H), 7.33 -
O 7.29 (m, 2H), 7.27 - 7.23 (m, SH), 4.23 (s, 2H), 2.50 (s, 3H). *CNMR (126 MHz,
O o CDCL) § 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.'®

X~ 4e (CAS: 2725744-92-1): "HNMR (500 MHz, CDCL) § 7.71 (d, J = 8.0 Hz, 1H),

O 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,

O O OMe = 1.5 Hz, 1H), 6.48 - 6.33 (m, 2H), 4.33 (s, 2H), 3.94 (s, 3H), 1.94 (d, ] = 5.4 Hz,

3H).*CNMR (126 MHz, CDCI;) § 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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MeO 4f (CAS: 52856-19-6): 'HNMR (500 MHz, CDCl;) § 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). *C NMR (126 MHz,
CDClL) §202.3, 156.7, 134.4, 130.8, 130.0, 128.2, 126.7, 120.0, 104.0, 55.8, 51.5. All

O
= :.
(0]

spectral data was in accord with the literature.'®

4g (CAS:3141-93-3): 'HNMR (500 MHz, CDCl;) § 7.66 (dd, J = 8.4,2.1 Hz, 1H),

OMe
O 7.55 (d, J =2.1 Hz, 1H), 7.42 - 7.13 (m, SH), 6.87 (d, ] = 8.4 Hz, 1H), 4.24 (s,
OMe 2H),3.93(s,3H),3.90 (s,3H)."*CNMR (126 MHz, CDCl;) § 196.3,153.4,149.1,

o 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.'®

All spectral data was in accord with the literature.’

4h (CAS: 126266-77-1): '"HNMR (500 MHz, CDCl;) 8§ 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=8.1Hz, 1H), 6.05 (s, 2H), 4.23 (s, 2H). *CNMR (126 MHz, CDCl;) § 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.

O\/O

(0]

4i (CAS: 121149-70-0): '"HNMR (500 MHz, CDCl;) § 8.02 - 7.98 (m, 2H), 7.52 -
O 7.49 (m, 2H), 7.38 - 7.34 (m, 2H), 7.32 - 7.28 (m, 3H), 4.30 (s, 2H), 1.37 (s, 9H).

CNMR (126 MHz, CDCL) § 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."”

e}

4j (CAS: 83882-93-3): 'H NMR (500 MHz, CDCL) § 8.06 (d, J = 8.1 Hz, 2H),
7.37-7.32 (m, 2H), 7.31 - 7.22 (m, SH), 4.27 (s, 2H). "CNMR (126 MHz, CDCL)
§196.0,152.7, 134.8, 134.1, 130.7, 129.4, 128.8, 127.1, 120.4, 118.2 (q, ] = 257.7
Hz), 45.6. YF NMR (471 MHz, CDCL;) § -57.6. All spectral data was in accord

(@)
o
(@]
b
w

20

5
j=n
-+
j=n
)
=
-+
o
41
Y
-
o
=
]

4k (CAS:63596-28-1): "H NMR (500 MHz, CDCL;) § 7.98 (d, J = 8.6 Hz, 2H),
‘ El/ 7.64 - 7.52 (m, 3H), 7.31 (t, ] = 7.5 Hz, 2H), 7.24 (m, ] = 3.6 Hz, 2H), 4.25 (s,
2H),2.19 (s, 3H), 1.64 (s, 1H). *CNMR (126 MHz, CDCl;) § 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

ZT

0]

accord with the literature."

4l (CAS: 347-84-2): 'HNMR (500 MHz, CDCL) § 8.15 - 7.91 (m, 2H), 7.33 (t, ] =
7.5 Hz, 2H), 7.34 - 7.25 (m, 3H), 7.12 (t, ] = 8.4 Hz, 2H), 4.25 (s, 2H). "*C NMR
(126 MHz, CDCls) § 196.1, 165.8, (d, J = 255.4 Hz), 134.4, 133.0(d, ] = 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. "FNMR (471

MHz, CDCL) § -105.0. All spectral data was in accord with the literature.®

%

ol 4m (CAS: 1889-71-0): 'H NMR (500 MHz, CDCL) § 8.00 - 7.94 (m, 2H), 7.48 -

‘ 7.42 (m, 2H), 7.36 (dd, ] = 8.6, 6.5 Hz, 2H), 7.30 - 7.27 (m, 3H), 4.28 (s, 2H). °C
NMR (126 MHz, CDCL) § 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.®

o

4n (CAS: 845781-19-3): 'HNMR (500 MHz, CDCl;) § 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, ] = 8.6 Hz,
1H), 4.23 (s, 2H). *CNMR (126 MHz, CDCl;) § 195.0, 161.0 (d, J = 257.3 Hz),
133.8,133.7 (d, ] = 3.7 Hz), 131.6, 129.4, 129.0 (d, ] = 8.3 Hz), 128.9, 127.2, 122.0

o
(@] M
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(d,J=18.5Hz),116.9 (d, J =21.3 Hz), 45.5. "FNMR (471 MHz, CDCl;) § -107.4.

cF, 40 (CAS:61062-55-3): 'HNMR (500 MHz, CDCL) 8 8.10 (d, J = 8.1 Hz, 2H), 7.72
O (d,]=8.1Hz,2H),7.36 - 7.31 (m, 2H), 7.29 - 7.23 (m, 3H), 4.31 (s, 2H). "CNMR
(126 MHz, CDCL) § 196.6,139.2, 134.5 (q, ] = 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. ”’FNMR (471
MHz, CDCl;) § -63.2. All spectral data was in accord with the literature."”

(0]

4p (CAS: 6420-94-6): "HNMR (500 MHz, CDCL) § 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).

‘ 3C NMR (126 MHz, CDCL) § 197.4, 197.1, 140.2, 139.7, 134.0, 129.4, 128.8,
O o 128.5,127.1,45.9, 26.9. All spectral data was in accord with the literature."”

0]

Q 4q (CAS: 898776-56-2): 'HNMR (500 MHz, CDCl;) § 8.11 (d, J = 8.0, 2H), 8.05

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

O I 2H), 4.31 (s, 2H), 1.40 (t, ] = 7.2, 3H). *'CNMR (126 MHz, CDCl;) § 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.'

4r : yellow oil. 'HNMR (500 MHz, CDCL;) § 7.43 (d, ] = 5.0 Hz, 1H), 7.31 (t, ] =
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,
Ny 3H). "CNMR (126 MHz, CDCl;) § 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 C1sH13:05S (M + H*):

261.0585, found: 261.0584.
7.39-7.27 (m,4H),7.27 - 7.23 (m, 1H), 4.42 (s, 2H). *CNMR (126 MHz, CDCl;)
§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.®

o O\-ocH,

4s (CAS: 1762-15-8): 'THNMR (500 MHz, CDCl;) § 8.55 (s, 1H), 8.06 (dd, J = 8.7,
1.8 Hz, 1H), 7.96 (d, ] = 8.1 Hz, 1H), 7.92 - 7.82 (m, 2H), 7.61 - 7.53 (m, 2H),

(e}

4t (CAS: 6976-03-0): '"HNMR (500 MHz, CDCL;) § 7.74 - 7.71 (m,2H), 7.71 (t, ] =
O‘ 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). “*CNMR (126 MHz, CDCL;) §

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.®

O

cl 4u: colorless oil. 'HNMR (500 MHz, CDCl3) § 7.77 (d,] = 2.7 Hz, 1H), 7.55 (d,] =
2.5 Hz, 1H), 7.36 (dd, ] = 8.8, 2.7 Hz, 1H), 7.33 - 7.21 (m, 6H), 6.87 (d,] = 8.7 Hz,
1H), 6.67 (d, ] = 8.8 Hz, 1H), 4.39 (s, 2H). “C NMR (126 MHz, CDCL;) § 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 CaoHiO:Cls (M + H*):
391.0059, found: 391.0060.

Cl Cl
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o 4v: White solid. Melting point: 164 °C. '"HNMR (500 MHz, CDCL) § 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, ] = 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). *CNMR (126 MHz, CDCl;) § 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 C26H2002 (M + H¥): 373.2168, found: 373.2171.
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6. Unsuccessful examples

2

no conversion no conversion

HO
o

no conversion no desired product

\/©/L\ O
(0]
AN Z

Ph

messy messy
Q/ow ©/\/0Tf
R
R =1, messy messy

R = Br, low yield
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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.* All of the reactants, intermediates,
transition states, products were optimized by the DFT with the BALYP-D3(BJ) functional.’ 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,® 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
298.1SK

7.2 Energy profiles of nickel insertion to epoxide

Ts1-2 HNb
S22 O
0.0 \
NiL
o \Jnt2
-16.8
LNj

o

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:

Intl

E =-3282.346029 a.u.

01

Ni -0.84303400 1.96469300 0.01846500
(0] -2.44406000 1.48231900 1.51275800
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0.54630700
1.24362100
0.83695800
1.10488100
2.32129100
1.28358100
2.28744800
1.42789800
-0.93754900
-0.98377200
-1.31010000
0.67824000
1.65565600
-0.05870500
0.37173200
0.53868500
-2.11172500
2.07035000
2.16301900
3.25318500
3.39540000
1.25888800
4.48946900
3.22694500
4.56753400
3.44038100
5.39113600
5.52930700
-0.20823300
0.62568800
-1.58365100
0.09372200
1.69233800
-2.11461300
-2.23745000
-1.27616600
0.75385700
-3.18103600
-1.68548100
-3.39154900
-4.66356700
-3.11363700
-5.61758500
-4.90304500

2.87651800
3.28072300
2.71647800
4.34868300
3.08427900
3.63909200
3.21788800
4.68203900
3.31428800
4.40783100
2.98528600
1.32749400
1.01194000
0.87524800
0.51644600
3.59158100
2.73723600
0.09099800
-0.76528900
0.64246200
-1.07714400
-1.18405700
0.35317700
1.30997500
-0.51181500
-1.75628000
0.80648000
-0.74038400
-1.15325500
-2.26304200
-1.29964000
-3.48542700
-2.17503500
-2.51440000
-0.44754400
-3.61640700
-4.33709500
-2.59323500
-4.56934700
1.78056700
1.64471600
1.02638000
0.78837400
2.22429000
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-2.75488600
-4.07337700
-4.92132500
-4.28052100
-4.02359500
-1.61855800
-1.51270700
-1.92302300
-2.89665500
-2.91071900
-3.87280500
-2.64768900
-3.02996700
-3.32004900
-0.97532200
0.11518400
-1.54893400
-0.39042800
0.72016800
-0.89833600
1.28499800
1.14912700
-0.31556000
-1.75199200
0.77343600
2.13063600
-0.71839900
1.22413900
-1.54454400
-1.74439000
-1.78500200
-2.15939100
-1.56789400
-2.21751100
-1.64296800
-2.39754500
-2.30302800
-2.41080000
-2.72185800
-2.47423500
-1.88664700
-3.62378100
-2.42993500
-0.99904200
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-4.06955000
-2.13760000
-5.32446100
-6.59540900
-3.82655700
-6.06770300
-3.07284900
-3.65045100
-3.19462400
-4.32024900
-3.57973700
-3.87365200
-2.72871300
-4.43088800
-4.75937900
-3.94344900
-4.94845000
0.02116200
-0.14940800
-0.35563500
-0.67121600
0.13775800
-0.88588100
-0.25219100
-1.04582100
-0.78634000
-1.18446900
-1.46270000
2.08683900
3.03458600
2.33399300
4.21147700
2.84320300
3.51153700
1.60370800
4.45290600
4.94063200
3.69362900
5.37240000
-3.07587200
-4.15694500
-2.54916600
-2.47397700
-3.16141100

0.16761400
1.08577900
0.04114600
0.70588400
-0.40732600
-0.62853400
4.26658200
5.06791300
4.64891800
6.24228700
4.76840300
5.81837600
4.03137100
6.61919000
6.86197500
6.11607500
7.53742400
5.34072400
5.75597100
6.22434500
7.01152700
5.08751100
7.48080900
5.93623900
7.88075300
7.31393600
8.14099200
8.85685600
3.56001000
4.59418900
2.43225400
4.49189200
5.48445900
2.32716700
1.63294500
3.35552500
5.29768400
1.43512600
3.27631000
0.22873700
0.28180100
-0.36097300
0.43949500
0.71126100
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-4.17025700
-4.09437800
-3.57557000
-1.96222400
-5.05989900
-3.99887900
-1.17599200
-2.17083800
0.16538600
-1.83033500
-3.21358200
0.50811900
0.92662600
-0.48884100
-2.60801800
1.55012700
-0.22419700
0.40524500
1.73761800
-0.61429700
2.03646300
2.54503100
-0.31750400
-1.65417400
1.00767300
3.07426900
-1.12700800
1.23930600
1.12448200
1.09707300
1.91302200
1.83747100
0.50393700
2.65396300
1.92835200
2.61605500
1.81052000
3.24581100
3.19020800
1.20885900
1.09103300
0.46906700
2.53165400
3.33581200
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TS1-2

E =-3282.315591 a.u.
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-1.17575200
-0.87607600
-0.28621400
0.30776700
0.88790900
1.19739500
0.53562800
1.57432300
-1.77429900
-2.83401100
-1.63997300
-1.53678500
-0.59387900
-0.69600100
-1.53707800
0.20304300
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2.21598100
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3.38907200
4.63344000
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-2.23792000
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0.30433100
-0.64720400
4.25813900
5.41719400
4.13473200
6.43671800
5.53417000
5.14150000
3.24782900
6.30146400
7.33646300
5.02907400
7.09475000
5.24257700

S19
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-0.10181400
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3.51706900
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1.24074700
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3.72235600
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4.18233800
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-3.68214300
-1.82775400
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-2.09331400
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-0.47529900
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-0.63487900
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1.14405200
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2.50962700
4.00281200
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4.63069700
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-0.02628200
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2.42026200
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1.04895000
2.05699200
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1.95889800
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3.03783900
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4.51781300
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2.46104400
1.09304900
1.69948100
5.31775600
5.22309000
4.94864500
6.38623400
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