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1. Materials and Methods

General Information: 'H NMR and 3C NMR spectra were recorded on a Bruker Avance Neo 600M
spectrometer and are calibrated using residual undeuterated solvent (CDCl; at 7.26 ppm 'H NMR,
77.16 ppm 3C NMR; CD;0D at 3.31 ppm '"H NMR, 49.00 ppm *C NMR; DMSO-d; at 2.50 ppm 'H
NMR, 39.52 ppm BC NMR). °F NMR was recorded on a Bruker Avance Neo 600M spectrometer
(CFCl; as an external standard and low field is positive). Chemical shifts (8) are reported in ppm, and
coupling constants (J) are in Hertz (Hz). The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet, br = broad. NMR yield
was determined by '°F NMR using benzotrifluoride as an internal standard before working up the
reaction. Melting points were determined by WRS-1C melting-point apparatus of Shanghai INESA

Physico-Optical Instrument Co.,Ltd.

Materials: All reagents were used as received from commercial sources and used without further
purification. Superdry solvents, DMF, DMA, NMP, THF, 1,4-dioxane and MeCN were purchased
form Adamas chemicals. Anhydrous NiCl, and ligands were purchased from Adamas chemicals and

used as received.

2. Preparation of N-chloroamides 2

The preparation of cyclic N-chloroamides 2a-2g and primary N-chloroamides 2h-2n were according
to the literature.! The typical procedure for the preparation of 2a is as follows: to a 100 mL round-
bottom flask were added 2-pyrrolidinone (1 equiv) and DCM with stirring. The clear solution was
cooled to 0 °C with an ice-water bath, and trichloroisocyanuric acid (1.05 equiv) was added. The
reaction was stirred overnight at room temperature. After the complete consumption of the 2-
pyrrolidinone monitored by TLC, the reaction was filtered through a pad of Celite and concentrated

on a rotary evaporator to afford a white solid that is used without further purification.
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3. Preparation of Pharmaceutical-Derived Aryl Bromides

The general procedure for the preparation of pharmaceutical-derived 4-bromobenzyl ester is according
to the literature.? Typical procedure for the preparation of 1w is as follows: to a 250 mL round-bottom
flask were added mefenamic acid (11 mmol, 1.1 equiv) and 4-bromophenyl methanol (10 mmol, 1
equiv). Then DCM (100 mL), 4-dimethylaminopyridine (DMAP) (2 mmol, 0.2 equiv) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (12 mmol, 1.2 equiv) were added.
The reaction was stirred at room temperature overnight. Upon completion, the reaction mixture was
diluted with DCM, washed with aqueous NaHCOj; and brine. The organic layer was dried over Na,SOy,,
filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 50/1) to give the corresponding 4-bromobenzyl 2-((2,3-

dimethylphenyl)amino)benzoate 1w as a white solid.

Br
oo I
H
EEEJ
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Me

4-Bromobenzyl 2-((2,3-dimethylphenyl)amino)benzoate (1w). The product (4.0 g, 97% yield) as a
white solid (m.p. 92.2 — 92.5 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 50/1). '"H NMR (600 MHz, CDCl;) & 9.23 (s, 1H), 7.98 (dd, /= 8.0, 1.5 Hz, 1H), 7.49 (d, J
= 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.24 — 7.19 (m, 1H), 7.14 (d, J = 7.7 Hz, 1H), 7.08 (t, J = 7.7
Hz, 1H), 7.00 (d, J= 7.3 Hz, 1H), 6.74 (d, J = 8.5 Hz, 1H), 6.65 — 6.61 (m, 1H), 5.27 (s, 2H), 2.30 (s,
3H), 2.16 (s, 3H). 3C NMR (151 MHz, CDCls) & 168.3, 149.8, 138.7, 138.3, 135.4, 134.5, 132.6,
131.8, 131.6, 129.8, 127.0, 126.1, 123.3, 122.3, 116.2, 113.8, 110.5, 65.5, 20.7, 14.1. MS (ESI): m/z
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(%) 410.1 ([M+H]"). HRMS (ESI) Calculated for C,,H,;BrNO, ([M+H]"): 410.0750; Found:
410.0748.

4-Bromobenzyl 4-(N,N-dipropylsulfamoyl)benzoate (1x). The product (1.8 g, 77% yield, 5 mmol
of (4-bromophenyl) methanol was used) as a white solid (m.p. 58.6 — 59.5 °C) was purified with silica
gel chromatography (Petroleum ether/Ethyl acetate = 10/1). "H NMR (600 MHz, CDCl5) 6 8.15 (d, J
=6.9 Hz, 2H), 7.85 (d, /= 6.8 Hz, 2H), 7.48 (d, /= 8.2 Hz, 2H), 7.30 (d, /= 6.5 Hz, 2H), 5.31 (s, 2H),
3.11 — 3.03 (m, 4H), 1.58 — 1.46 (m, 4H), 0.84 (t, J = 6.4 Hz, 6H). 13C NMR (151 MHz, CDCl;)
164.9, 144.5, 134.6, 133.2, 131.8, 130.3, 130.1, 127.0, 122.6, 66.5, 49.9, 21.9, 11.2. MS (ESI): m/z
(%) 454.1 ([M+H]"). HRMS (ESI) Calculated for C,;,H,;BrNO4S ([M+H]"): 454.0682; Found:
454.0679.

oM
0

4-Bromobenzyl 6-(3-((3r,5r,7r)-adamantan-1-yl)-4-methoxyphenyl)-2-naphthoate (1y). The p-r
oduct (471.2 mg, 81% yield, 1 mmol of (4-bromophenyl) methanol was used) as a white s-o
lid (m.p. 202.5 — 204.8 °C) was purified with silica gel chromatography (Petroleum ether/E-t
hyl acetate = 50/1). 'H NMR (600 MHz, CDCl;) 6 8.63 (s, 1H), 8.09 (d, J = 8.3 Hz, 1H),
8.02 (s, 1H), 7.99 (d, J = 8.5 Hz, 1H), 7.92 (d, J = 8.6 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H),
7.62 (s, 1H), 7.55 (d, J = 8.2 Hz, 3H), 7.39 (d, J = 8.2 Hz, 2H), 7.00 (d, J = 8.4 Hz, 1H),
5.38 (s, 2H), 3.91 (s, 3H), 2.20 (s, 6H), 2.12 (s, 3H), 1.82 (s, 6H). 3C NMR (151 MHz, C
DCl;) & 166.7, 159.1, 141.7, 139.1, 136.2, 135.3, 132.6, 131.9, 131.3, 131.1, 130.1, 129.8, 1
28.4, 126.70, 126.66, 126.1, 1259, 125.7, 124.8, 122.4, 112.2, 66.1, 55.3, 40.7, 37.3, 37.3, 2
9.2. MS (DART): m/z (%) 598.2 (IM+NH,4]"). HRMS (DART) Calculated for C;5H37BrNO; ((M+N
H,]"): 598.1951; Found: 598.1952.
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4. Optimization of Nickel Catalyzed Electrophilic Amidation of Aryl Bromide 1a with N-

chloroamide 2a

Table S1. Ligand effect on Ni-catalyzed electrophilic amidation of aryl bromide 1a with N-

chloroamides 2a.“

o a0 F
e e T T
ave Me/ . e t—Bu/ - tBu H19n—C/g X _ et , Q/ \
N S S =N N7 —NNT
L1 L2 L3 L4 L5
MeQ OMe  H,N NH,  MeOC, CO,Me _ YW
L6 L7 Ls L9 L10
y \ Me Me cl cl Ph Ph  MeQ OMe
SR TS RS
L11 L12 L13 L14 L15
X
| lN/ B PhP” " pph, O 5 O
N NF PPh, PPh,
L16 L17 L18
Entry Ligand 3aa, yield (%)” 4a, yield (%)°
1 L1 ND ND
2 L2 2 ND
3 L3 1 ND
4 L4 2 ND
5 LS ND ND
6 L6 ND ND
7 L7 ND ND
8 L8 ND 5
9 L9 4 ND
10 L10 ND ND
11 L11 ND ND
12 L12 ND 1
13 L13 1 ND
14 L14 ND 12
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15 L15 ND ND

16 L16 ND ND
17 L17 ND ND
18 L18 ND ND

“Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
’Determined by '’F NMR using benzotrifluoride as an internal standard.

Table S2. Ligand effect on Ni-catalyzed electrophilic amidation of aryl bromide 1a with V-

chloroamides 2a in the presence of MgCl,.*

NiCl*DME (5 mol%)
/©/ b Ligand (5 mol A)
Zn (2.0 equiv)

MgCl, (2.0 equiv)

2a DMA. 40 °C, 12h
Me t-Bu t-Bu H1gl’) Cg n- CgH-]g — (¢]] Cl
NN _ _
N N

Entry Ligand 3aa, yield (%)’ 4a, yield (%)°

1 L2 19 1

2 L3 3 6

3 L4 22 2

4 L9 17 4

5 L13 6 1

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
’Determined by '’F NMR using benzotrifluoride as an internal standard.

Table S3. Screening of nickel catalysts for Ni-catalyzed electrophilic amidation of aryl bromide

1a with N-chloroamides 2a.“

Br (0] [N|](5mol%
o o B
N
F cl” Zn (2.0 equiv)

MgCl, (2.0 equiv)

1a 2a DMA, 40 °C, 12h
Entry [Ni] 3aa, yield (%)” 4a, yield (%)°
1 NiCl,'DME 22 2
2 NiBr,"DME 16 2
3 NiBr,3H,0 13 2
4 NiCly(PPhs), 19 7
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5 NiCly(dppp) 18 4
6 NiCl,(dppe) 11 4
7 NiBr,(PPh;), 21 7
8 NiCly(dppf) 13 9
9 Ni(oac),4H,0 21 2
10 Ni(acac), ND ND
11 NiCl,-6H,0 13 3
12 NiCl, 35 4

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).

bDetermined by '°F NMR using benzotrifluoride as an internal standard.

Table S4. Screening of ratio of NiCl,/L4.*

) F
Br 0 NiCl, (x mol%)
N >
F cl’ Zn (2.0 equiv) /©/ O
F
1a 3aa 4a

MgCl; (2.0 equiv) F

2a DMA, 40 °C, 12h
Entry NiCl, (x)/L4 (y)  3aa,yield (%)*  4a,yield (%)?
1 5/5 35 4
2 5/10 14 3
3 10/5 79 3
4 10/10 67 6

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).

"Determined by 'F NMR using benzotrifluoride as an internal standard.

Table SS. Temperature effect on Ni-catalyzed electrophilic amidation of aryl bromide 1a with

N-chloroamides 2a.“

Q F
Br o NiCl, (10 mol%)
R §ri> L4 (5mol%) W O
& 1 ®
F Cl Zn (2.0 equiv)
F
1a 2a 3aa 4a

MgCl, (2.0 equiv) F
DMA, T °C, 12h

Entry

Temperature (°C)  3aa, yield (%)? 4a, yield (%)°

1

30C 56 3
35C 68 5
40°C 79 3
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4 45°C 68 9

5 50C 66 6

6 55C 62 7

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
bDetermined by '’F NMR using benzotrifluoride as an internal standard.

Table S6. Screening of ratio of Zn/MgCl,.

Br O NiCl, (10 mol%)
/©/ . ﬁ-i> L4 (5 mol%) -
N
F cl’ Zn (x equiv)
1a 2a

DNIA, 30, 121 F
Entry Zn (x)/MgCl, (y)  3aa,yield (%)° 4a, yield (%)°
1 2/2 79 3
2 2/3 32 20
3 3/3 38 33
4 3/4 29 36
5 2/1.5 80 2
6 3/2 70 10

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
bDetermined by 'F NMR using benzotrifluoride as an internal standard.

Table S7. Solvent effect on Ni-catalyzed electrophilic amidation of aryl bromide 1a with N-

chloroamides 2a.“

NiCl, (10 mol%)
/©/ ﬁi> L4 (5 mol%)
Zn (2 equiv)
MgCl, (1.5 equiv)

F

2a Solvent, 40 °C, 12h
Entry Solvent 3aa, yield (%)" 4a, yield (%)°
1 DMA 80 2
2 DMF 54 1
3 NMP 72 5
4 MeCN ND ND
5 1,4-dioxane ND ND
6 THF ND ND

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
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’Determined by '’F NMR using benzotrifluoride as an internal standard.

Table S8. Screening of equivalent of N-chloroamides 2a.*

Br O, NiCl, (10 mol%)
/©/ . ﬁi> L4 (5mol%)
F C|/N Zn (2 equiv)
MgCl, (1.5 equiv)
1a

F

2a DMA, 40 °C, 12h
Entry Equiv of 2a 3aa, yield (%)? 4a, yield (%)°
1 1.2 73 4
2 1.5 80 2
3 1.8 78 2
4 2 ND ND

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).
bDetermined by '°F NMR using benzotrifluoride as an internal standard.

Table S9. Screening of other reductants.”

NiCl; (10 mol%)
/©/ *[3 L4 (5 moi%)
Reductant (2 equiv)
MgCl, (1.5 equiv)

2a DMA, 40 °C, 12h 3aa
Entry Reductant 3aa, yield (%)? 4a, yield (%)°
1 /n 80 2
2 Mn ND ND
3 In ND ND
4 Fe ND ND

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).

“Determined by 'F NMR using benzotrifluoride as an internal standard.

Table S10. Control experiments.”

[Catalyst] (10 mol%)
/©/ ﬁi> L4 (5mol%)
Zn (2 equiv)
MgCl, (1.5 equiv)

2a DMA, 40 °C, 12h
Entry [Catalyst] Ligand 3aa, yield (%)b 4a, yield (%)°
1 NiCl, L4 80 2
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2 none L4 ND ND
3 NiCl, none ND ND
4 none none ND ND
5 CuBr L4 ND ND

@Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (1.5 equiv), and DMA (3 mL).

bDetermined by '°F NMR using benzotrifluoride as an internal standard.

5. General Procedure for Ni-Catalyzed Electrophilic Amination of Aryl Bromide 1 with N-
chloroamides 2

NiCl, (10 mol%)
L2 or L4 (5 mol%)

o Sl : MgCl, (1.5 equiv.) N Nw(
RT N > A
F Cl e} Zn (2 equiv.) % 0
DMA, 40 °C, 12h 3ors

1 2

To a 25 mL of Schlenk tube were added N-chloroamides 2 (0.6 mmol, 1.5 equiv), Zn (0.8 mmol, 2
equiv), ligand (5 mol%), NiCl, (10 mol%) and MgCl, (0.6 mmol, 1.5 equiv). The tube was evacuated
and backfilled with argon for 3 times, then aryl bromide 1 (0.4 mmol, 1.0 equiv) and DMA (3 mL)
were added under argon, and the tube was sealed with a Teflon cap. The resulting mixture was stirred
at 40 °C. After stirring for 12 h, the reaction mixture was diluted with ethyl acetate and filtered through
a pad of Celite, then the filtrate was extracted with ethyl acetate and washed with brine. The organic
layer was dried over Na,SO,, filtered and concentrated. The residue was purified with silica gel
chromatography to give the corresponding products 3 and 5. Isolated yields are based on the average

of two runs under identical conditions.

6. Characterization Data for Compounds 3 and §

o'

1-(4-Fluorophenyl)pyrrolidin-2-one (3aa). Known compound?. The product (50.2 mg, 70% yield)
as a white solid (m.p. 55.5 — 55.6 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 1/1). 'H NMR (600 MHz, CDCl;) & 7.59 — 7.49 (m, 2H), 7.08 — 6.96 (m, 2H),
3.80 (t,J=7.1 Hz, 2H), 2.57 (t,J = 8.1 Hz, 2H), 2.13 (p, J= 7.6 Hz, 2H). '°F NMR (565 MHz, CDCl5)
3-117.8 —-117.9 (m, 1F). BC NMR (151 MHz, CDCls) 6 174.2, 159.5 (d, J = 244.2 Hz), 135.6 (d, J
=2.7Hz), 121.7 (d, J= 8.0 Hz), 115.5 (d, /= 22.3 Hz), 49.0, 32.6, 18.0.
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Gram-scale synthesis of compound 3aa

To a 100 mL of Schlenk tube were added Zn (20 mmol, 2 equiv.), 4,4"-dinonyl-2,2'-bpy (5 mol%),
NiCl, (10 mol%) and MgCl, (15 mmol, 1.5 equiv). The tube was evacuated and backfilled with argon
for 3 times, then DMA (30 mL) and the DMA solution of 1a (10 mmol, 1 equiv) and 2a (15 mmol, 1.5
equiv) were added under argon, and the tube was sealed with a Teflon cap. The resulting mixture was
at 40 °C. After stirring for 12h, the reaction mixture was then diluted with ethyl acetate and filtered
through a pad of Celite and the filtrate was concentrated and extracted with ethyl acetate, washed with
brine. The organic layer was dried over Na,SQOy, filtered and concentrated. The residue was purified
with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/1) to give the corresponding

products 3aa as a white solid (1.1 g, 63% yield).

o

1-(3-Fluorophenyl)pyrrolidin-2-one (3ab). Known compound?. The product (50.7 mg, 71% yield)
as a colorless oil was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/1).
"H NMR (600 MHz, CDCl;) 6 7.52 — 7.48 (m, 1H), 7.28 — 7.23 (m, 2H), 6.81 — 6.75 (m, 1H), 3.77 (t,
J=7.1Hz, 2H), 2.55 (t, /= 8.1 Hz, 2H), 2.15 — 2.05 (m, 2H). '°F NMR (565 MHz, CDCl3) 6 -111.5
—-111.7 (m, 1F). 3C NMR (151 MHz, CDCl;) & 174.4, 162.8 (d, J = 244.4 Hz), 141.0 (d, J = 10.5
Hz), 129.9 (d,J=9.3 Hz), 114.7 (d,J=3.0 Hz), 111.0 (d, /= 21.3 Hz), 107.1 (d, J = 26.2 Hz), 48.6,
32.8,17.8.

iy
LY
F
1-(2-Fluorophenyl)pyrrolidin-2-one (3ac). Known compound?. The product (24.0 mg, 34% yield) as
a colorless oil was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 2/1). 'H

NMR (600 MHz, CDCly) § 7.39 (t, J = 7.8 Hz, 1H), 7.25 — 7.21 (m, 1H), 7.17 — 7.09 (m, 2H), 3.81 (t,
J=17.0 Hz, 2H), 2.55 (t, J = 8.1 Hz, 2H), 2.23 — 2.16 (m, 2H). '9F NMR (565 MHz, CDCl5) & -119.8
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—-120.1 (m, 1F). 3C NMR (151 MHz, CDCl3) § 174.9, 157.2 (d, J = 250.3 Hz), 128.4 (d, J= 8.0 Hz),
128.0 (d, J= 1.8 Hz), 126.4 (d, J= 11.8 Hz), 124.5 (d, J= 3.7 Hz), 116.7 (d, J=20.1 Hz), 50.1, 31.2,
19.1.

i

o

1-Phenylpyrrolidin-2-one (3b). Known compound3. The product (31.5 mg, 49% yield) as a white
solid (m.p. 62.7 — 65.3 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate
=2/1). '"H NMR (600 MHz, CDCl;) § 7.60 (d, J= 7.7 Hz, 2H), 7.42 — 7.31 (m, 2H), 7.14 (t, J= 7.4
Hz, 1H), 3.86 (t, J = 7.0 Hz, 2H), 2.60 (t, J = 8.1 Hz, 2H), 2.15 (p, J = 7.6 Hz, 2H). 3C NMR (151
MHz, CDCl;) 6 174.3, 139.5, 128.9, 124.6, 120.1, 48.9, 32.9, 18.1.

N
1-([1,1'-Biphenyl]-4-yl)pyrrolidin-2-one (3¢). Known compound*. The product (59.9 mg, 63% yield,
L2 was used) as a white solid (m.p. 183.0 — 183.7 °C) was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 1/1). "TH NMR (600 MHz, CDCls) 6 7.70 (d, J = 8.7 Hz, 2H), 7.64 —
7.55 (m, 4H), 7.44 (t, J="7.7 Hz, 2H), 7.34 (t,J= 7.4 Hz, 1H), 3.90 (t,J= 7.0 Hz, 2H), 2.64 (t,J=8.1
Hz, 2H), 2.18 (p, J = 7.6 Hz, 2H). 3C NMR (151 MHz, CDCl;) § 174.4, 140.6, 138.8, 137.3, 128.9,
127.5,127.3,127.0, 120.3, 48.9, 32.9, 18.1.

o

1-(4-(Tert-butyl)phenyl)pyrrolidin-2-one (3d). Known compound’. The product (40.1 mg, 46%
yield) as a white solid (m.p. 70.0 — 71.5 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 2/1). 'TH NMR (600 MHz, CDCls) 6 7.51 (d, J= 8.7 Hz, 2H), 7.38 (d, J= 8.7 Hz,
2H), 3.84 (t, J = 7.0 Hz, 2H), 2.59 (t, J = 8.0 Hz, 2H), 2.18 — 2.09 (m, 2H), 1.31 (s, 9H). 3C NMR
(151 MHz, CDCl;) 6 174.2, 147.5, 136.9, 125.7, 119.9, 48.9, 34.4,32.7, 31.4, 18.2.
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o

1-(4-Methoxyphenyl)pyrrolidin-2-one (3e). Known compound?. The product (38.3 mg, 50% yield)
as a white solid (m.p. 114.1 — 114.9 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 1/1). '"H NMR (600 MHz, CDCls) 6 7.47 (d, J = 8.8 Hz, 2H), 6.88 (d, /= 8.9 Hz,
2H), 3.83 — 3.74 (m, 5H), 2.56 (t, J = 8.1 Hz, 2H), 2.16 — 2.08 (m, 2H). 3*C NMR (151 MHz, CDCl3)
0 174.1,156.7,132.8, 122.0, 114.2, 55.6, 49.3, 32.6, 18.2.

|Oh!
1-(3-Methoxyphenyl)pyrrolidin-2-one (3f). Known compound®. The product (39.5 mg, 52% yield)
as a white solid (m.p. 58.7 — 59.1 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 2/1). '"H NMR (600 MHz, CDCls) 6 7.35 (t, J=2.3 Hz, 1H), 7.26 (t, /= 8.6 Hz,
1H), 7.12 (dd, J = 8.2, 2.0 Hz, 1H), 6.70 (dd, J = 8.2, 2.4 Hz, 1H), 3.84 (t, J = 7.0 Hz, 2H), 3.81 (s,
3H), 2.60 (t, /= 8.1 Hz, 2H), 2.14 (p, J = 7.6 Hz, 2H). 13C NMR (151 MHz, CDCl;) 3 174.4, 160.0,
140.7, 129.5, 112.1, 110.1, 106.1, 55.4, 49.0, 33.0, 18.0.

o

1-(4-(Trifluoromethyl)phenyl)pyrrolidin-2-one (3g). Known compound’. The product (54.4 mg,
59% vyield) as a white solid (m.p. 133.5 — 135.1 °C) was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 3/2). '"H NMR (600 MHz, CDCls) 6 7.76 (d, J = 8.6 Hz, 2H), 7.61 (d,
J=28.6 Hz, 2H), 3.88 (t,J = 7.1 Hz, 2H), 2.63 (t, J = 8.1 Hz, 2H), 2.19 (p, J = 7.7 Hz, 2H). '°F NMR
(565 MHz, CDCl;) 8 -62.2 (s, 3F). 3C NMR (151 MHz, CDCl;) 8 174.8, 142.5, 126.1 (q, J = 3.8 Hz),
126.1 (q,J=32.8 Hz), 124.3 (q, J=271.7 Hz), 119.3, 48.6, 32.9, 18.0.

F4CO I\Q
Ty

1-(3-(Trifluoromethoxy)phenyl)pyrrolidin-2-one (3h). Known compound. The product (50.8 mg,

52% yield) as a white solid (m.p. 46.7 — 47.5 °C) was purified with silica gel chromatography
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(Petroleum ether/Ethyl acetate = 3/2). 'H NMR (600 MHz, CDCl;) 8 7.63 (s, 1H), 7.52 (d, J= 8.3 Hz,
1H), 7.35 (t, J= 8.3 Hz, 1H), 6.98 (d, J = 9.0 Hz, 1H), 3.83 (t, J = 7.1 Hz, 2H), 2.60 (t, J = 8.1 Hz,
2H), 2.16 (p, J = 7.6 Hz, 2H). 'F NMR (565 MHz, CDCl;) 8 -57.8 (s, 3F). 3C NMR (151 MHz,
CDCly) 6 174.5, 149.5, 140.9, 129.9, 120.6 (q, J = 257.4 Hz), 117.6, 116.4, 112.5, 48.6, 32.8, 17.9.
MS (ESI): m/z (%) 246.1 ([M+H]"). HRMS (ESI) Calculated for C;;H;;F;NO, ([M+H]"): 246.0736;
Found: 246.0730.

-

o}

OMe
1-(3,5-Dimethoxyphenyl)pyrrolidin-2-one (3i). Known compound®. The product (34.5 mg, 39%
yield) as a white solid (m.p. 83.8 — 84.3 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 2/1). "TH NMR (600 MHz, CDCl;) 6 6.85 (d, J= 2.2 Hz, 2H), 6.26 (t, J=2.2 Hz,
1H), 3.81 (t,J= 7.1 Hz, 3H), 3.78 (s, 5H), 2.59 (t,J= 8.1 Hz, 2H), 2.13 (p, J= 7.6 Hz, 2H). 3C NMR
(151 MHz, CDCl;) 6 174.5, 161.0, 141.3, 98.6, 96.7, 55.5, 49.1, 33.1, 18.0.

72\

o'
1-(4-(Methylsulfonyl)phenyl)pyrrolidin-2-one (3j). The product (42.7 mg, 45% yield) as a white
solid (m.p. 179.4 — 180.7 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 1/3). 'H NMR (600 MHz, CDCl3) 6 7.88 (d, J = 8.8 Hz, 2H), 7.83 (d, /= 8.8 Hz, 2H), 3.88
(t,J=7.0 Hz, 2H), 3.01 (s, 3H), 2.63 (t, J= 8.1 Hz, 2H), 2.19 (p, J= 7.5 Hz, 2H). 3C NMR (151 MHz,
CDCl3) 6 175.0, 144.1,135.2, 128.4,119.4, 48.5, 44.7,32.8, 17.9. MS (ESI): m/z (%) 240.1 ((M+H]").

HRMS (ESI) Calculated for C;H4NO;S ([M+H]"): 240.0689; Found: 240.0691.

o

4-(2-Oxopyrrolidin-1-yl)benzonitrile (3k). Known compound®. The product (27.8 mg, 37% yield) as
a white solid (m.p. 116.2 — 117.4 °C) was purified with silica gel chromatography (Petroleum
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ether/Ethyl acetate = 2/1). '"H NMR (600 MHz, CDCls) 6 7.77 (d, J = 8.8 Hz, 2H), 7.61 (d, J = 8.8 Hz,
2H), 3.86 (t,J = 7.1 Hz, 2H), 2.63 (t, J = 8.1 Hz, 2H), 2.19 (p, J = 7.6 Hz, 2H). 3C NMR (151 MHz,
CDCl) 6 174.9, 143.3, 133.0, 119.3, 119.0, 107.1, 48.3, 32.9, 17.8.

o

4-(2-Oxopyrrolidin-1-yl)benzaldehyde (31). The product (21.8 mg, 29% yield) as a white solid (m.p.
121.7 — 122.5 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/1).
'H NMR (600 MHz, CDCl3) 6 9.92 (s, 1H), 7.88 — 7.84 (m, 2H), 7.83 — 7.79 (m, 2H), 3.90 (t, /= 7.0
Hz, 2H), 2.63 (t, J = 8.1 Hz, 2H), 2.19 (p, J = 7.5 Hz, 2H). *C NMR (151 MHz, CDCls) & 191.2,
174.9, 144.8, 132.1, 130.8, 119.1, 48.6, 33.0, 17.9. MS (ESI): m/z (%) 190.1 ((M+H]"). HRMS (ESI)
Calculated for C;;H,NO, ([M+H]"): 190.0863; Found: 190.0866.

'\Q
SO
EtO,C

Ethyl 4-(2-oxopyrrolidin-1-yl)benzoate (3m). Known compound® The product (41.3 mg, 44% yield)
as a white solid (m.p. 94.1 — 94.9 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 2/1). 'TH NMR (600 MHz, CDCls) 6 7.98 (d, J= 7.7 Hz, 2H), 7.66 (d, J = 7.7 Hz,
2H), 4.41 —4.23 (m, 2H), 3.92 — 3.73 (m, 2H), 2.65 — 2.44 (m, 2H), 2.25 — 2.01 (m, 2H), 1.48 — 1.27
(m, 3H). 3C NMR (151 MHz, CDCl;) 6 174.6, 166.1, 143.3, 130.3, 125.7, 118.5, 60.8, 48.4, 32.8,
17.8,14.3.

EtO,C Q
O

Ethyl 3-(2-oxopyrrolidin-1-yl)benzoate (3n). The product (51.7 mg, 56% yield) as a white solid (m.p.
75.7 — 76.9 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 3/2). 'H
NMR (600 MHz, CDCl3;) é 8.07 — 8.04 (m, 1H), 8.03 (t, /= 1.9 Hz, 1H), 7.82 — 7.79 (m, 1H), 7.42 (t,
J=8.0 Hz, 1H), 4.37 (q, J = 7.1 Hz, 2H), 3.90 (t, /= 7.0 Hz, 2H), 2.62 (t, J = 8.1 Hz, 2H), 2.17 (p, J
= 7.6 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H). 3C NMR (151 MHz, CDCl;) § 174.5, 166.4, 139.7, 131.2,
129.0, 125.5, 124.7, 120.3, 61.3, 48.8, 32.8, 18.1, 14.4. MS (ESI): m/z (%) 234.1 ((M+H]*). HRMS

(ESI) Calculated for C13H(NO; ([M+H]"): 234.1125; Found: 234.1120.
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1-(4-Chlorophenyl)pyrrolidin-2-one (30). Known compound?. The product (45.3 mg, 58% yield) as
a white solid (m.p. 93.0 — 93.8 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 1/1). '"H NMR (600 MHz, CDCl;) 6 7.56 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.5 Hz, 2H), 3.80
(t, J=6.9 Hz, 2H), 2.58 (t, J= 8.0 Hz, 2H), 2.14 (p, J = 7.4 Hz, 2H). *C NMR (151 MHz, CDCl;) 4
174.4, 138.1, 129.6, 128.9, 121.1, 48.8, 32.8, 18.0.

o oY

1-(4-(Hydroxy(phenyl)methyl)phenyl)pyrrolidin-2-one (3p). The product (47.7 mg, 45% yield) as
a colorless colloidal oil was purified with silica gel chromatography (Petroleum ether/Ethyl acetate =
1/2). 'TH NMR (600 MHz, CDCl;) 8 7.50 (d, /= 8.6 Hz, 2H), 7.35 — 7.31 (m, 4H), 7.29 (t,J = 7.5 Hz,
2H), 7.22 (t,J = 7.2 Hz, 1H), 5.73 (s, 1H), 3.75 (t, J = 7.0 Hz, 2H), 3.35 (s, 1H), 2.49 (t, J = 8.1 Hz,
2H), 2.06 (p, J= 7.5 Hz, 2H). 3C NMR (151 MHz, CDCl;) § 174.5, 144.0, 140.4, 138.4, 128.4, 127 .4,
127.0, 126.5, 119.9, 75.5, 48.8, 32.6, 17.9. MS (ESI): m/z (%) 268.1 ([M+H]"). HRMS (ESI)
Calculated for C;7HsNO, ([M+H]"): 268.1332; Found: 268.1332.

<‘;IjN:§

1-(Benzo[d][1,3]dioxol-5-yl)pyrrolidin-2-one (3q). Known compound!?. The product (35.2 mg, 43%
yield) as a white solid (m.p. 90.6 — 91.2 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 1/1). '"H NMR (600 MHz, CDCl;) 6 7.28 (d, J = 2.0 Hz, 1H), 6.83 (dd, J = 8.3,
2.0 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 5.92 (s, 2H), 3.77 (t, J = 7.0 Hz, 2H), 2.55 (t, J = 8.1 Hz, 2H),
2.11 (p, J = 7.5 Hz, 2H). 3C NMR (151 MHz, CDCl5) 8 174.1, 147.8, 144.5, 133.8, 113.3, 107.9,
103.0, 101.3, 49.6, 32.6, 18.0.
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1-(Naphthalen-2-yl)pyrrolidin-2-one (3r). Known compound'!. The product (43.1 mg, 51% yield)
as a white solid (m.p. 125.5 — 126.3 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 3/2). '"H NMR (600 MHz, CDCl;) 6 7.97 (d, J= 8.9 Hz, 1H), 7.89 — 7.76 (m, 4H),
7.46 (t,J=7.4 Hz, 1H), 7.42 (t,J="7.4 Hz, 1H), 3.93 (t,J= 7.0 Hz, 2H), 2.63 (t, /= 8.0 Hz, 2H), 2.16
(p, J = 7.5 Hz, 2H). 3C NMR (151 MHz, CDCl3) 8 174.5, 137.3, 133.6, 130.7, 128.6, 127.7, 127.6,
126.4,125.3,119.9, 116.8, 49.1, 32.9, 18.1.

e

1-(9H-Fluoren-2-yl)pyrrolidin-2-one (3s). The product (57.7 mg, 58% yield) as a white solid (m.p.
202.4 — 202.9°C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/1).
'"H NMR (600 MHz, CDCl5) 8 7.91 (s, 1H), 7.75 (dd, J= 7.9, 3.2 Hz, 2H), 7.56 — 7.48 (m, 2H), 7.36
(t,J=7.3 Hz, 1H), 7.30 — 7.26 (m, 1H), 3.94 — 3.88 (m, 4H), 2.64 (t,J= 8.1 Hz, 2H), 2.18 (p, J= 7.5
Hz, 2H). BC NMR (151 MHz, CDCl5) 6 174.3, 144.1, 143.4, 141.4, 138.4, 138.3, 126.9, 126.5, 125.1,
120.0, 119.8, 118.8, 117.3, 49.4, 37.2, 32.9, 18.2. MS (ESI): m/z (%) 250.1 ([M+H]"). HRMS (ESI)
Calculated for C;;H(NO ([M+H]"): 250.1226; Found: 250.1226.

P

1-(9,9-Dimethyl-9H-fluoren-2-yl)pyrrolidin-2-one (3t). The product (48.8 mg, 40% yield) as a white
solid (m.p. 113.1 — 114.3 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 3/2). '"H NMR (600 MHz, CDCls) 6 7.83 (d, /= 1.9 Hz, 1H), 7.72 — 7.67 (m, 2H), 7.49 (dd,
J=18.3,2.0Hz, 1H), 743 (d, J= 7.3 Hz, 1H), 7.36 — 7.27 (m, 2H), 3.92 (t, /= 6.9 Hz, 2H), 2.63 (t, J
= 8.1 Hz, 2H), 2.16 (p, J = 7.2 Hz, 2H), 1.50 (s, 6H). 3C NMR (151 MHz, CDCls) & 174.2, 154 .4,
153.8,138.9, 138.8, 135.6, 127.1, 127.0, 122.6, 120.2, 119.8, 118.8, 114.7,49.3,47.1,32.9,27.3, 18.1.
MS (ESI): m/z (%) 278.2 ([M+H]"). HRMS (ESI) Calculated for C;9H,0NO ([M+H]"): 278.1539;

Found: 278.1534.
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1-(Quinolin-3-yl)pyrrolidin-2-one (3u). The product (32.7 mg, 39% yield) as a white solid (m.p.
122.3 — 125.6 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/3).
'"H NMR (600 MHz, CDCl3) 6 9.21 (d, J=2.6 Hz, 1H), 8.32 (d, J= 2.5 Hz, 1H), 8.03 (d, J = 8.4 Hz,
1H), 7.75 (d, J = 8.1 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.49 (t, /= 7.9 Hz, 1H), 3.93 (t, J = 7.0 Hz, 2H),
2.61 (t,J=8.1 Hz, 2H), 2.19 (p, /= 7.6 Hz, 2H). *C NMR (151 MHz, CDCl;)  174.8, 145.2, 143.8,
133.2,129.1, 128.5, 127.9, 127.7, 127.1, 123.9, 48.3, 32.3, 18.1. MS (ESI): m/z (%) 213.1 ([M+H]").
HRMS (ESI) Calculated for C3H;3N,O ([M+H]"): 213.1022; Found: 213.1030.

BocHN
oc OMe

N
)e
Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2-oxopyrrolidin-1-yl)phenyl)propanoate (3v). The
product (73.7 mg, 51% yield) as a colorless colloidal oil was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 1/1). '"H NMR (600 MHz, CDCls) 6 7.53 (d, J = 8.6 Hz, 2H), 7.10 (d,
J=28.4 Hz, 2H), 4.97 (d, J= 7.7 Hz, 1H), 4.59 — 4.49 (m, 1H), 3.82 (t, /= 7.1 Hz, 2H), 3.70 (s, 3H),
3.12 - 2.98 (m, 2H), 2.58 (t, J = 8.1 Hz, 2H), 2.14 (p, J = 7.6 Hz, 2H), 1.40 (s, 9H). 3C NMR (151
MHz, CDCl;) 6 174.3,172.3, 155.2,138.5, 132.1, 129.8, 120.0, 80.0, 54.5, 52.3, 48.8, 37.7, 32.8, 28 4,
18.1. MS (ESI): m/z (%) 385.2 ([M+Na]*). HRMS (ESI) Calculated for C;9H,sN,NaOs ([M+Na]*):

385.1734; Found: 385.1736.

0.
H
Qgﬂ
Me
Me

4-(2-Oxopyrrolidin-1-yl)benzyl 2-((2,3-dimethylphenyl)amino)benzoate (3w). The product (72.7
mg, 44% yield, L2 was used) as a white solid (m.p. 143.9 — 147.0 °C) was purified with silica gel
chromatography (Petroleum ether/Ethyl acetate = 1/2). '"H NMR (600 MHz, CDCl3) & 9.25 (s, 1H),
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7.98 (d, J=7.9 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.3 Hz, 2H), 7.22 (t, J = 7.9 Hz, 1H),
7.14 (d, J=17.9 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 7.01 (d, J= 7.5 Hz, 1H), 6.74 (d, J = 8.5 Hz, 1H),
6.63 (t,J=7.5 Hz, 1H), 5.32 (s, 2H), 3.85 (t, J = 7.0 Hz, 2H), 2.60 (t, J = 8.1 Hz, 2H), 2.32 (s, 3H),
2.17 (s, 3H), 2.16 — 2.11 (m, 2H). 3C NMR (151 MHz, CDCl;) 8 174.4, 168.5, 149.7, 139.5, 138.8,
138.3, 134.4, 132.6, 132.3, 131.7, 128.9, 126.9, 126.0, 123.2, 120.0, 116.2, 113.8, 110.8, 65.9, 48.8,
32.9, 20.7, 18.1, 14.1. MS (ESI): m/z (%) 415.2 ([M+H]"). HRMS (ESI) Calculated for C,sH,7N,05
([M+H]"): 415.2016; Found: 415.2008.

4-(2-Oxopyrrolidin-1-yl)benzyl 4-(V, N-dipropylsulfamoyl)benzoate (3x). The product (100.2 mg,
55% yield, L2 was used) as a white solid (m.p. 104.1 — 104.4 °C) was purified with silica gel
chromatography (Petroleum ether/Ethyl acetate = 1/2). 'H NMR (600 MHz, CDCl3) & 8.15 (d, J= 8.4
Hz, 2H), 7.84 (d, /= 8.4 Hz, 2H), 7.64 (d, J= 8.5 Hz, 2H), 7.44 (d, J= 8.5 Hz, 2H), 5.34 (s, 2H), 3.86
(t,J=7.0 Hz, 2H), 3.07 (t, J = 7.7Hz, 4H), 2.60 (t, J = 8.1 Hz, 2H), 2.16 (p, J = 7.5 Hz, 2H), 1.57 —
1.46 (m, 4H), 0.84 (t, J = 7.4 Hz, 6H). 3C NMR (151 MHz, CDCl;) 8 174.4, 165.1, 144.4, 139.8,
133.5, 131.5, 130.4, 129.3, 127.1, 120.0, 67.0, 50.0, 48.8, 32.8, 22.0, 18.1, 11.2. MS (ESI): m/z (%)
459.2 ([M+H]"). HRMS (ESI) Calculated for C4H31N,05S ([M+H]"): 459.1948; Found: 459.1950.

0
oM hol
\o p
e :
4-(2-Oxopyrrolidin-1-yl)benzyl 6-(3-((3r,5r,7r)-adamantan-1-yl)-4-methoxyphenyl)-2-
naphthoate (3y). The product (36 mg, 31% yield, 50 °C, and 0.2 mmol of the corresponding aryl
bromine were used) as a white solid (m.p. 207 °C) was purified with silica gel chromatography

(Petroleum ether/Ethyl acetate = 1/1). '"H NMR (600 MHz, CDCl;) 4 8.63 (s, 1H), 8.09 (d, J= 8.6 Hz,
1H), 8.01 (s, 1H), 7.98 (d, /= 8.5 Hz, 1H), 7.91 (d, /= 8.6 Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.67 (d,
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J=17.9Hz, 2H), 7.61 (s, 1H), 7.56 — 7.49 (m, 3H), 6.99 (d, J = 8.4 Hz, 1H), 5.40 (s, 2H), 3.90 (s, 3H),
3.87 (t,J = 7.0 Hz, 2H), 2.62 (t, J = 8.0 Hz, 2H), 2.19 (s, 6H), 2.18 — 2.14 (m, 2H), 2.11 (s, 3H), 1.81
(s, 6H). 3C NMR (151 MHz, CDCls) 5 174.5, 166.8, 159.1, 141.6, 139.6, 139.1, 136.2, 132.7, 132.3,
131.4, 131.1, 129.9, 129.2, 128.4, 127.0, 126.6, 126.1, 125.9, 125.8, 124.9, 120.1, 112.3, 66.6, 55.3,
48.9,40.8, 37.4, 37.3,32.9, 29.3, 18.2. MS (ESI): m/z (%) 608.3 ([M+Na]*). HRMS (ESI) Calculated
for C3oH3yNNaOy ([M+Na]*): 608.2771; Found: 608.2765.

o

IR

3-(4-Fluorophenyl)oxazolidin-2-one (5a). Known compound'?. The product (47.3 mg, 65% yield) as
a white solid (m.p. 72.2 — 74.5 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 1/1). '"H NMR (600 MHz, CDCl3) 6 7.52 — 7.44 (m, 2H), 7.08 — 7.00 (m, 2H), 4.48 — 4.42
(m, 2H), 4.04 — 3.99 (m, 2H). '°F NMR (565 MHz, CDCl;) 4 -118.5 —-118.7 (m, 1F). 3C NMR (151
MHz, CDCl3) 6 159.3 (d, J =243.9 Hz), 155.5, 134.4 (d, J= 2.6 Hz), 120.1 (d, /= 8.0 Hz), 115.8 (d,
J=22.5Hz), 61.4,45.5.

Gram-scale synthesis of compound 5a

To a 100 mL of Schlenk tube were added Zn (30 mmol, 2 equiv), 4,4'-dinonyl-2,2"-bpy (5 mol%),
NiCl, (10 mol%) and MgCl, (22.5 mmol, 1.5 equiv). The tube was evacuated and backfilled with argon
for 3 times, then DMA (30 mL) and DMA solution of 1a (15 mmol, 1 equiv) and 2b (22.5 mmol, 1.5
equiv)were added under argon, and the tube was sealed with a Teflon cap. The resulting mixture was
stirred at 40 °C. After stirring for 12h, the reaction mixture was diluted with ethyl acetate and filtered
through a pad of Celite, then the filtrate was concentrated and extracted with ethyl acetate, washed
with brine. The organic layer was dried over Na,SQ,, filtered and concentrated. The residue was
purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/1) to give the corresponding

products 5a as a white solid (1.4 g, 53% yield).
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2-(4-Fluorophenyl)isoindolin-1-one (5b). Known compound!'3. The product (39.1 mg, 43% yield) as
a white solid (m.p. 174.4 — 178.3 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 1/1). '"H NMR (600 MHz, CDCl;) 6 7.91 (d, J= 8.2 Hz, 1H), 7.85 —7.78 (m, 2H),
7.59 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.1 Hz, 2H), 7.14 — 7.07 (m, 2H), 4.82 (s, 2H). '°F NMR (565
MHz, CDCl3) 6 -117.8 — -117.9 (m, 1F). 3C NMR (151 MHz, CDCl3) 6 167.5, 159.7 (d, J = 244.5
Hz), 140.1, 135.7 (d, /= 2.8 Hz), 133.1, 132.3, 128.6, 124.3, 122.8, 121.4 (d, /= 7.9 Hz), 116.0 (d, J
=22.4 Hz), 51.1.

o

1-(4-Fluorophenyl)azetidin-2-one (5¢). Known compound!#. The product (27.9 mg, 42% yield, 50
°C, L9, the corresponding aryl iodide and 1.0 equiv of 2d were used) as a white solid (m.p. 96.4 —
96.6°C) was purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/2). '"H NMR
(600 MHz, CDCl3) 6 7.35 — 7.29 (m, 2H), 7.06 — 6.98 (m, 2H), 3.61 (t, J = 4.4 Hz, 2H), 3.12 (t, J =
4.4 Hz, 2H). 'F NMR (565 MHz, CDCl;) 6 -118.3 — -118.4 (m, 1F). 3C NMR (151 MHz, CDCI;) &
164.3, 159.1 (d, J = 243.0 Hz), 135.0 (d, /= 2.6 Hz), 117.6 (d, J = 7.8 Hz), 116.0 (d, J = 22.8 Hz),
38.3,36.4.

oY

. 0

1-(4-Fluorophenyl)piperidin-2-one (5d). Known compound*. The product (24.4 mg, 32% yield, 50
°C, L6, and the corresponding aryl iodide were used) as a white solid (m.p. 103.6 — 104.0 °C) was
purified with silica gel chromatography (Petroleum ether/Ethyl acetate = 1/2). 'H NMR (600 MHz,
CDCly) 6 7.23 — 7.17 (m, 2H), 7.10 — 7.03 (m, 2H), 3.60 (t, J = 5.8 Hz, 2H), 2.55 (t, J = 6.2 Hz, 2H),
1.98 — 1.88 (m, 4H). 'F NMR (565 MHz, CDCl;) § -115.3 — -115.4 (m, 1F). 3C NMR (151 MHz,
CDCl) 6 170.3, 161.1 (d, J = 246.0 Hz), 139.4 (d, J = 3.1 Hz), 128.1 (d, /= 8.4 Hz), 116.1 (d, J =
22.6 Hz), 52.0, 32.9, 23.7, 21.6.

S21



oY

0
1-(4-Fluorophenyl)azepan-2-one (5e). The product (29.8 mg, 36% yield, 50 °C, L6, and the
corresponding aryl iodide were used) as a yellow oil was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 1/1). 'TH NMR (600 MHz, CDCl3) 6 7.14 (dd, J = 8.2, 5.2 Hz, 2H),
7.01 (t,J=8.5 Hz, 2H), 3.68 (d, J= 6.2 Hz, 2H), 2.66 (d, /= 6.1 Hz, 2H), 1.78 (s, 6H). IF NMR (565
MHz, CDCl3) 6 -115.8 — -115.9 (m, 1F). 3C NMR (151 MHz, CDCls) 8 175.7, 160.8 (d, J = 245.7
Hz), 140.5 (d, J= 3.1 Hz), 127.9 (d, J = 8.4 Hz), 115.8 (d, J = 22.6 Hz), 53.1, 37.5, 29.7, 28.8, 23 .4.
MS (ESI): m/z (%) 208.1 ([M+H]"). HRMS (ESI) Calculated for C;,H;sFNO ([M+H]"): 208.1132;
Found: 208.1130.

COOMe

o

Methyl 1-(4-fluorophenyl)-5-oxopyrrolidine-3-carboxylate (5f). Known compound'>. The product
(39.0 mg, 41% yield) as a white solid (m.p. 96.8 — 97.2 °C) was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 1/1). 'TH NMR (600 MHz, CDCl;) 6 7.53 (dd, J = 8.8, 4.6 Hz, 2H),
7.05 (t, J = 8.6 Hz, 2H), 4.08 (dd, J = 9.7, 6.6 Hz, 1H), 4.00 (t,J = 9.2 Hz, 1H), 3.77 (s, 3H), 3.36 (p,
J=8.1Hz, 1H), 2.95-2.81 (m, 2H). "F NMR (565 MHz, CDCl3) 6 -116.9 —-117.1 (m, 1F). 3C NMR
(151 MHz, CDCl3) 6 172.9, 171.5, 159.8 (d, J = 245.0 Hz), 134.9 (d, J = 2.8 Hz), 122.1 (d, J = 8.0
Hz), 115.7 (d, J=22.4 Hz), 52.7, 50.7, 35.9, 35.4.

COOMe

oY

Methyl 5-ox0-1-(3-(trifluoromethyl)phenyl)pyrrolidine-3-carboxylate (5g). The product (67.0 mg,
58% yield, 50°C and L2 were used) as a yellow oil was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 3/2). 'H NMR (600 MHz, CDCl;) 6 7.84 (s, 1H), 7.81 (d, J= 8.3 Hz,
1H), 7.45 (t, J=8.0 Hz, 1H), 7.37 (d, J= 7.7 Hz, 1H), 4.10 (dd, J=9.8, 6.5 Hz, 1H), 4.04 (t,J=9.2
Hz, 1H), 3.75 (s, 3H), 3.36 (p, J = 8.1 Hz, 1H), 2.95 — 2.81 (m, 2H)."F NMR (565 MHz, CDCl3) & -
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62.7 (s, 3F). 3C NMR (151 MHz, CDCl3) 6 172.7, 171.8, 139.3, 131.3 (q, J = 32.4 Hz), 129.5, 123.9
(q,J=272.6 Hz), 122.9, 121.3 (q,J=3.7 Hz), 116.3 (q, /= 3.9 Hz), 52.7, 50.1, 35.7, 35.4. MS (ESI):
m/z (%) 288.1 ((M+H]"). HRMS (ESI) Calculated for C3H5F;NO; ([M+H]"): 288.0842; Found:
288.0846.

N
Y
N-(4-fluorophenyl)acetamide (Sh). Known compound?. The product (40.7 mg, 56% yield) as a white
solid (m.p. 205.6 — 205.8 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 1/1). 'H NMR (600 MHz, CDCls) 6 7.48 (s, 1H), 7.47 — 7.41 (m, 2H), 6.99 (t, J = 8.6 Hz,
2H), 2.15 (s, 3H). ’F NMR (565 MHz, CDCl3) 6 -117.9 —-118.0 (m, 1F). 3CNMR (151 MHz, CDCl5)
0 168.5,159.4 (d, J=243.7 Hz), 133.9 (d, /= 2.7 Hz), 121.9 (d, /= 7.9 Hz), 115.6 (d, J = 22.5 Hz),
24.4.

o

N-(4-fluorophenyl)propionamide (5i). Known compound!'¢. The product (30.2 mg, 45% yield, 1.7
equiv of 2i was used) as a white solid (m.p. 122.3 °C) was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 2/1). '"H NMR (600 MHz, CDCl;) 6 7.86 (s, 1H), 7.51 — 7.40 (m, 2H),
6.95 (t,J = 8.6 Hz, 2H), 2.35 (q, /= 7.6 Hz, 2H), 1.20 (t,J = 7.6 Hz, 3H). '°F NMR (565 MHz, CDCl3)
5-118.2 —-118.3 (m, 1F). BC NMR (151 MHz, CDCls) 6 172.6, 159.4 (d, J = 243.4 Hz), 134.2 (d, J
=3.1 Hz), 122.0 (d,J="7.7 Hz), 115.6 (d, J = 22.5 Hz), 30.6, 9.8.

o

N-(4-fluorophenyl)hexanamide (5j). Known compound!’. The product (33.5 mg, 40% yield, L3 was
used) as a white solid (m.p. 90.8 — 91.2 °C) was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 10/1). "TH NMR (600 MHz, CDCls) 6 7.61 (s, 1H), 7.50 — 7.42 (m, 2H), 6.97 (t, J
= 8.6 Hz, 2H), 2.32 (t, J = 7.6 Hz, 2H), 1.70 (p, J = 7.4 Hz, 2H), 1.36 — 1.28 (m, 4H), 0.89 (t, J=7.0

Hz, 3H). 1F NMR (565 MHz, CDCl3) 6 -118.1 —-118.3 (m, 1F). 3C NMR (151 MHz, CDCl3) 8 171.9,
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159.4 (d, J=243.5 Hz), 134.1 (d, J=2.7 Hz), 121.9 (d, J= 7.8 Hz), 115.6 (d, J= 22.4 Hz), 37.7, 31.5,
25.5,22.5, 14.0.

H
/©/N\H/\Ph
o}
F

N-(4-fluorophenyl)-2-phenylacetamide (5k). Known compound'®. The product (22.9 mg, 25% yield,
L3 and the corresponding aryl iodide were used) as a white solid (m.p. 131.5 — 132.8 °C) was purified
with silica gel chromatography (Petroleum ether/Ethyl acetate = 6/1). 'H NMR (600 MHz, CDCls) 6
7.43 —7.30 (m, 7H), 7.19 (s, 1H), 6.96 (t, J = 8.5 Hz, 2H), 3.72 (s, 2H). 19F NMR (565 MHz, CDCl;)
3-117.7—-117.8 (m, 1F). BC NMR (151 MHz, CDCl;) 6 169.3, 159.6 (d, J=243.7 Hz), 134.5, 133.7
(d,/J=2.7Hz), 129.7,129.4, 127.9, 121.9 (d, J = 7.9 Hz), 115.7 (d, J = 22.6 Hz), 44.8.

/©/H\g/\/Ph
F

N-(4-fluorophenyl)-3-phenylpropanamide (51). Known compound'®. The product (28.7 mg, 30%
yield, 1.2 equiv of 21 was used) as a white solid (m.p. 95.6 — 103.1 °C) was purified with silica gel
chromatography (Petroleum ether/Ethyl acetate = 10/1). '"H NMR (600 MHz, CDCl) & 7.48 (s, 1H),
7.38 —7.32 (m, 2H), 7.30 — 7.23 (m, 2H), 7.23 — 7.16 (m, 3H), 6.93 (t, /= 8.6 Hz, 2H), 3.01 (t, /= 7.7
Hz, 2H), 2.62 (t, J = 7.7 Hz, 2H). '%F NMR (565 MHz, CDCl3) & -117.8 — - 117.9 (m, 1F). 3C NMR
(151 MHz, CDCls) 6 170.8, 159.5 (d, J=243.7 Hz), 140.6, 133.8 (d, J=2.7 Hz), 128.8, 128.5, 126.5,
122.1 (d,J=7.9 Hz), 115.6 (d, J = 22.5 Hz), 39.3, 31.7.

o'

N-(4-fluorophenyl)cyclopropanecarboxamide (Sm). The product (36.9 mg, 52% yield) as a white
solid (m.p. 159.8 — 160.0 °C) was purified with silica gel chromatography (Petroleum ether/Ethyl
acetate = 8/1). 'TH NMR (600 MHz, CDCl5) & 7.55 (s, 1H), 7.49 — 7.41 (m, 2H), 6.98 (t, J = 8.4 Hz,
2H), 1.53 — 1.44 (m, 1H), 1.07 (p, J = 3.7 Hz, 2H), 0.86 — 0.80 (m, 2H). '’F NMR (565 MHz, CDCl3)
5-118.3—-118.5 (m, 1F). BC NMR (151 MHz, CDCl;) 6 172.1, 159.4 (d, /= 243.2 Hz), 134.3, 121.7

(d, J= 7.7 Hz), 115.7 (d, J = 22.5 Hz), 15.7, 8.1. MS (DART): m/z (%) 180.1 ([M+H]*). HRMS
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(DART) Calculated for C;oH;;FNO ([M+H]"): 180.0819; Found: 180.0818.

o

N-(4-fluorophenyl)benzamide (5n). Known compound!®. The product (47.0 mg, 55% yield, the
corresponding aryl iodide was used) as a white solid (m.p. 179.0 — 179.1 °C) was purified with silica
gel chromatography (Petroleum ether/Ethyl acetate = 10/1). '"H NMR (600 MHz, Acetone-dg) & 9.61
(s, 1H), 7.99 (d, J="7.5 Hz, 2H), 7.91 — 7.82 (m, 2H), 7.57 (t,J= 7.3 Hz, 1H), 7.50 (t,J= 7.6 Hz, 2H),
7.13 (t, J = 8.8 Hz, 2H). '°F NMR (565 MHz, Acetone-dg) 6 -120.5 — -120.6 (m, 1F). 3C NMR (151
MHz, Acetone-dg) 6 166.3, 159.8 (d, J =240.8 Hz), 136.6 (d, J = 2.5 Hz), 136.1, 132.4, 129.3, 128.3,
1229 (d,J=7.8 Hz), 115.9 (d, J=22.4 Hz).

7. Synthetic applications
A. Synthesis of Indoprofen (7a) and Indobufen (7b)

NiCl, (10 mol%)

Br 1) SOCI; (1.5 equiv) o Br L4 (5 mol%)
0 MeOH, 0 ~r.t., 18h Zn (2 equiv)
@ - Meo@ MgCl, (1.5 equiv)
HO 2) R-1 (1.2 equiv) R — >

LDA (2M, 1.2 equiv) 2¢ (1.5 equiv)
4-Bromophenylacetic acid THF, -70~0°C, 2 h R = Me. 1za DMA, 40 °C, 12 h

R=Et, 1zb

o N: \S NaOH (8 equiv) 0
—_—
0
(o] THF/H,0 (4/1) HO
Meo@ 60 °C, 12 h

R R
R = Me, 6a R = Me, 7a, Indoprofen
R =Et, 6b R = Et, 7b, Indobufen

Synthesis of methyl 2-(4-bromophenyl)propanoate (1za) and methyl 2-(4-bromophenyl)but-a
noate (1zb).

In a 250 mL round-bottom flask, 4-bromophenylacetic acid (20 mmol, 1.0 equiv) and MeOH (100 mL)
was added. The reaction suspension was stirred and cooled to 0 °C with ice bath. Thionyl chloride (30
mmol, 1.5 equiv) was then added dropwise. The reaction was allowed to warm to room temperature
and stirred overnight. MeOH was evaporated and the residue was extracted with ethyl acetate, washed
with NaHCOj; solution and brine, the organic layer was dried over Na,SO,4 and evaporated to give

methyl 2-(4-bromophenyl)acetate as a yellow oil (4.6 g, 99% yield) without further purification. To a
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solution of methyl 2-(4-bromophenyl)acetate (20 mmol, 1 equiv) in THF (200 mL) was added LDA
(2M, 24 mmol, 1.2 equiv) at -70 °C under N,. After addition, the reaction mixture was stirred for 30
min at 0 °C. The mixture was then cooled to -70 °C again and iodomethane (24 mmol, 1.2 equiv) was
added. After addition, the reaction mixture was stirred for 1 hour at 0 °C. The mixture was quenched
with water and extracted with ethyl acetate. The organic extracts were washed with brine, dried over
anhydrous Na,SO, and concentrated, the residue was purified with silica gel chromatography
(Petroleum ether/Ethyl acetate = 30/1) to give 1za as a yellow oil (4.3 g, 88% yield, known
compound??). 'H NMR (600 MHz, CDCl3) & 7.43 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.2 Hz, 2H), 3.68
(q,J/=7.2Hz, 1H), 3.65 (s, 3H), 1.48 (d, /= 7.2 Hz, 3H). 3C NMR (151 MHz, CDCl;) 6 174.5, 139.5,
131.8, 129.3, 121.1, 52.2, 44.9, 18.5.

The preparation of 1zb was the same with 1za, as an orange oil (4.5 g, 87% yield, known compound?!).
"H NMR (600 MHz, CDCl;) 6 7.44 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 3.66 (s, 3H), 3.42 (t,
J="11.7Hz, 1H), 2.12 — 2.02 (m, 1H), 1.82 — 1.70 (m, 1H), 0.88 (t, /= 7.4 Hz, 3H). *C NMR (151
MHz, CDCl;) 6 174.2, 138.2, 131.8, 129.9, 121.3, 52.9, 52.2, 26.8, 12.2.

Synthesis of methyl 2-(4-(1-oxoisoindolin-2-yl)phenyl)propanoate (6a) and methyl 2-(4-(1-
oxoisoindolin-2-yl)phenyl)butanoate (6b).

To a 25 mL of Schlenk tube were added 2¢ (0.6 mmol, 1.5 equiv), Zn (0.8 mmol, 2.0 equiv), L4 (5
mol%), NiCl, (10 mol%) and MgCl, (0.6 mmol, 1.5 equiv). The tube was evacuated and backfilled
with argon for 3 times, then 1za (0.4 mmol, 1.0 equiv) and DMA (3 mL) were added under argon, and
the tube was sealed with a Teflon cap. The resulting mixture was stirred at 40 °C. After stirring for 12
h, the reaction mixture was diluted with ethyl acetate and filtered through a pad of Celite, then the
filtrate was extracted with ethyl acetate and washed with brine. The organic layer was dried over
Na,SOy, filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum
ether/Ethyl acetate = 5/1) to give the product 6a (49.0 mg, 42% yield, known compound??) as a white
solid (m.p. 130.4 — 131.4 °C). 'H NMR (600 MHz, CDCl5) 6 7.92 (d, J=7.6 Hz, 1H), 7.82 (d, /= 8.6
Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.53 — 7.47 (m, 2H), 7.36 (d, J = 8.6 Hz, 2H), 4.84 (s, 2H), 3.74 (q,
J=7.2 Hz, 1H), 3.67 (s, 3H), 1.52 (d, J = 7.2 Hz, 3H). 3C NMR (151 MHz, CDCl;) § 175.1, 167.6,
140.2, 138.6, 136.8, 133.3, 132.3, 128.6, 128.4, 124.4, 122.8, 119.9, 52.2, 50.9, 45.0, 18.7.
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The preparation of 6b (58.0 mg, 47% yield, known compound?!) was the same with 6a., as a white
solid (m.p. 123.8 — 124.9 °C). 'H NMR (600 MHz, CDCl5) 6 7.92 (d, J=7.5 Hz, 1H), 7.82 (d, /= 8.7
Hz, 2H), 7.59 (t,J = 7.8 Hz, 1H), 7.53 — 7.48 (m, 2H), 7.36 (d, J = 8.6 Hz, 2H), 4.85 (s, 2H), 3.67 (s,
3H), 3.47 (t,J = 7.7 Hz, 1H), 2.16 — 2.06 (m, 1H), 1.86 — 1.77 (m, 1H), 0.91 (t, /= 7.4 Hz, 3H). 3C
NMR (151 MHz, CDCl;) 6 174.6, 167.6, 140.2, 138.7, 135.3, 133.3, 132.2, 128.9, 128.6, 124.3, 122.8,
119.8,52.9,52.1, 50.9, 26.8, 12.3.

Synthesis of indoprofen (7a) and indobufen (7b).

In a 25 mL round-bottom flask, 6a (0.2 mmol, 1.0 equiv) and THF/H,O (5 mL, 4/1) was added. Then
NaOH (1.6 mmol, 8 equiv) was added and stirred 12 h at 60 °C. THF was then evaporated and the
residue was diluted with ethyl acetate, then 2M HCI was added to adjust pH to 1~2, the organic layer
was washed with brine, dried over Na,SO,4 and evaporated to give 7a (52.0 mg, 99% yield) as a white
solid (m.p. 206.9 — 207.7 °C) without further purification. '"H NMR (600 MHz, DMSO-ds) & 12.30 (s,
1H), 7.85 (d, J= 8.6 Hz, 2H), 7.78 (d, J = 7.6 Hz, 1H), 7.70 — 7.65 (m, 2H), 7.57 — 7.52 (m, 1H), 7.35
(d, J= 8.6 Hz, 2H), 5.01 (s, 2H), 3.69 (q, J = 7.1 Hz, 1H), 1.38 (d, J = 7.1 Hz, 3H). 3C NMR (151
MHz, DMSO-d) 6 175.4, 166.5, 141.0, 138.2, 137.0, 132.4, 132.2, 128.2, 127.9, 123.3, 123.2, 119.5,
50.5, 44.1, 18.5. MS (ESI): m/z (%) 282.1 ([M+H]"). HRMS (ESI) Calculated for C;7;H;(NOs
([IM+H]"): 282.1125; Found: 282.1124.

The preparation of 7b (48.0 mg, 99% yield) was the same with 7a, as a white solid (m.p. 147.6 — 149.6
°C) without further purification. '"H NMR (600 MHz, DMSO-dg) 6 12.31 (s, 1H), 7.86 (d, /= 8.4 Hz,
2H), 7.78 (d, J= 7.6 Hz, 1H), 7.70 — 7.64 (m, 2H), 7.54 (t, J= 6.9 Hz, 1H), 7.35 (d, J = 8.5 Hz, 2H),
5.01 (s, 2H), 3.43 (t,J= 7.6 Hz, 1H), 2.03 — 1.93 (m, 1H), 1.73 — 1.63 (m, 1H), 0.84 (t, /= 7.3 Hz,
3H). 3C NMR (151 MHz, DMSO-dg) 6 174.8, 166.6, 141.0, 138.3, 135.4, 132.4, 132.2, 128.3, 128.2,
123.3, 123.2, 119.4, 52.0, 50.4, 26.1, 12.0. MS (ESI): m/z (%) 296.1 ((M+H]"). HRMS (ESI)
Calculated for C;gHsNO3 ([M+H]"): 296.1281; Found: 296.1278.

B. Synthesis of Fluorochloridone (9)
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NiCl, (10 mol%)
L2 (5 mol%) COsMe 1) NaBHy (1.5 equiv)

E.C Br Zn (2 equw). THF/MeOH (5/1)
3 \©/ MgCl, (1.5 equiv) F.C N 65 °C, reflux, 5 h
> 3! r
2g (1.5 equiv) \©/ 0 2) SOCI, (2.5 equiv)
DMA, 50 °C, 12 h TEA (1.0 equiv)
1gb 59 DCM, rt., 12 h

Cl
LiIHMDS (1M, 1.3 equiv)
. I TsCI (1.5 equiv) - FsC N Cl
3 THF,-40°C ~r.t. ,14 h
0 o}

8 9, Fluorochloridone

Synthesis of methyl 5-0x0-1-(3-(trifluoromethyl)phenyl)pyrrolidine-3-carboxylate (5g).

To a 25 mL of Schlenk tube were added 2g (0.6 mmol, 1.5 equiv), Zn (0.8 mmol, 2 equiv), L2 (5
mol%), NiCl, (10 mol%) and MgCl, (0.6 mmol, 1.5 equiv). The tube was evacuated and backfilled
with argon for 3 times, then 1gb (0.4 mmol, 1.0 equiv) and DMA (3 mL) were added under argon, and
the tube was sealed with a Teflon cap. The resulting mixture was stirred for 12 h at 50 °C. After, the
reaction mixture was diluted with ethyl acetate and filtered through a pad of Celite, then the filtrate
was extracted with ethyl acetate and washed with brine. The organic layer was dried over Na,SOy,
filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum

ether/Ethyl acetate = 3/2) to give the product 5g as a yellow oli (67.0 mg, 58% yield).

Synthesis of 4-(chloromethyl)-1-(3-(trifluoromethyl)phenyl)pyrrolidin-2-one (8).

In a 25 mL round-bottom flask, methanol (3 mL) was added dropwise to a suspension of 5g (1.1 mmol,
1 equiv) and sodium borohydride (3.3 mmol, 3.0 equiv) in THF (15 mL) under reflux at 65 °C. The
reaction mixture was stirred for 5 h at the same reaction temperature and evaporated in vacuo. The
residue was triturated with ice-water and extracted with ethyl acetate, the organic layer was washed
with brine, dried over Na,SQ,, filtered and concentrated. Then dichloromethane (30 mL), triethylamine
(0.8 mmol, 1.0 equiv) and thionyl chloride (1.9 mmol, 2.5 equiv) were added, the mixture was stirred
overnight at room temperature. After, the reaction mixture was extracted with DCM, and the organic
layer was washed with brine, dried over Na,SO,, filtered and concentrated. The residue was purified
with silica gel chromatography (Petroleum ether/Ethyl acetate = 8/1) to give the product 8 as a brown
oil (167.0 mg, 57% yield for two steps). 'H NMR (600 MHz, CDCl;) & 7.86 (d, J= 5.6 Hz, 2H), 7.48
(t, J=8.3 Hz, 1H), 7.40 (d, /= 7.7 Hz, 1H), 4.02 (t, J = 8.9 Hz 1H), 3.77 (dd, J = 9.8, 6.0 Hz, 1H),
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3.69(dd,J=11.2,5.4Hz, 1H),3.62 (dd,J=11.1, 7.4 Hz, 1H), 2.96 —2.87 (m, 1H), 2.81 (dd, J=17.3,
8.9 Hz, 1H), 2.53 (dd, J = 17.3, 7.1 Hz, 1H). '°F NMR (565 MHz, CDCl3) § -62.6 (s, 3F). 13C NMR
(151 MHz, CDCls) 6 172.6, 139.6, 131.4 (q, J = 32.5 Hz), 129.6, 124.0 (d, /= 272.5 Hz), 123.0, 121.3
(q, /= 3.8 Hz), 116.4 (q, J = 4.2 Hz), 51.7, 46.6, 36.8, 33.4. MS (ESI): m/z (%) 278.1 ((M+H]").
HRMS (ESI) Calculated for C,,H;,CIF;NO ([M+H]"): 278.0554; Found: 278.0558.

Synthesis of Fluorochloridone (9).

In a 50 mL double necked bottle, 8 (0.2 mmol, 1.0 equiv) in THF (5 mL) was cooled to -40 °C and
LiHMDS (0.3 mmol, 1.3 equiv) was added under N,. The resulting solution was stirred for 40 min and
the tosyl chloride (0.3 mmol, 1.5 equiv) in THF (2 mL) was then added. After warming the solution to
room temperature to quench reaction. The solution was extracted with ethyl acetate, and the organic
layer was washed with brine, dried over Na,SQO,, filtered and concentrated. The residue was purified
with silica gel chromatography (Petroleum ether/Ethyl acetate = 6/1) to give 9 as a yellow oil (36.0
mg, 64% yield, known compound??). '"H NMR (600 MHz, CDCls) & 7.81 (d, J = 8.3 Hz, 1H), 7.76 (s,
1H), 7.44 (t, J= 8.0 Hz, 1H), 7.34 (d, /= 7.7 Hz, 1H), 4.06 (dd, /= 9.8, 5.9 Hz, 1H), 3.77 (d, J=9.8
Hz, 1H), 2.16 — 2.09 (m, 1H), 2.08 — 1.99 (m, 1H), 1.28 — 1.20 (m, 1H), 0.82 (q, J = 4.1 Hz, 1H). °F
NMR (565 MHz, CDCls) 6 -62.7 (s, 3F). 3C NMR (151 MHz, CDCls) 6 174.6, 140.1, 131.3 (q, J =
32.4 Hz), 129.5,124.1 (q,J=272.6 Hz), 122.6, 120.6 (q, /= 3.8 Hz), 115.9 (q, /= 4.0 Hz), 50.3, 21.9,
13.0, 11.6.

8. Mechanistic Studies

Radical Inhibition Experiments

standard reaction

N -
F g /©/ 0
Cl F
1a 2a

additive (1.0 equiv.)

additive: 1,4-dinitrobenzene, 3aa not observed
additive: TEMPO, 3aa not observed

Procedure: To a 25 mL of Schlenk tube were added N-chloroamides 2a (0.6 mmol, 1.5 equiv), Zn
(0.8 mmol, 2 equiv), L4 (5 mol%), NiCl, (10 mol%), MgCl, (0.6 mmol, 1.5 equiv) and 1,4-
dinitrobenzene (1.0 equiv) or TEMPO (1.0 equiv). The tube was evacuated and backfilled with argon
for 3 times, then aryl bromide 1a (0.4 mmol, 1.0 equiv) and DMA (3 mL) were added under argon,

and the tube was sealed with a Teflon cap. The resulting mixture was stirred at 40 °C. After stirring
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for 12 h, the reaction mixture was diluted with ethyl acetate. The yield was determined by '"F-NMR
with benzotrifluoride as the internal standard. When 1.0 equiv of 1,4-dinitrobenzene was added, the

product 3aa was not detected. When 1.0 equiv of TEMPO was added, 3aa was not detected.

9. DFT calculations

Computational details:

Geometry optimizations and frequency analyses were performed at the (U)PBE0-D3(BJ)/def2-SVP-
SMD-(DMA) level of theory as well as the thermal corrections to free energy (G;) at the temperature
of 313 K using Gaussian 16 program?*. Single-point energies (SP) were calculated in gas phase at the
RI-(U)PWPB95-D3BJ/def2-QZVPP-SMD-(DMA)> level of theory with def2/J*¢ and def2-
QZVPP/C?’ as auxiliary basis sets using ORCA 5.0.2 program?®. The Gibbs free energies of solvation
(AGq,1y) were calculated at the M052X/6-31G(d) level of theory using SMD model of solvation.
CYLview20 was utilized to generate 3D structures.”” Imaginary frequencies were inspected to
determine the stationary points (no imaginary frequencies) or transition states (only one imaginary
frequency). All transition states were confirmed by IRC calculations using the same theory level with
geometry optimization. The thermal-corrected, solvated Gibbs free energies were calculated as G = SP
+ Georr T AGgoly. Zn atom was used as the model of the Zn powder for simplicity.3? Note: Superscript
in the top left corner of the structure name denotes spin multiplicity. For instance, 'B and 3B mean B

in the the singlet state and triplet state respectively. All energies are in kcal/mol.

Table S11. Energies of intermediates and transition states

Structure SP (Hartree) Georr (Hartree) AGy,y (Hartree) freéliiil}lfl??r,n")
3A -3002.77585796 0.164739000 -0.051404530 none
B -2082.237833802 0.169353000 -0.041147280 none
’B -2082.249162441 0.168075000 -0.026194720 none

CP1 -4987.347627603 0.236680000 -0.024018290 none
CP2 -2828.408668075 0.256682000 -0.037246820 none
3C1 -4987.404874179 0.236525000 -0.043252240 none
3C2 -2873.348110060 0.238855000 -0.049108750 none
D1 -2413.111523350 0.239770000 -0.034613790 none
D2 -2542.546782566 0.165058000 -0.027389150 none
2E1 -3159.318664786 0.335287000 -0.051746490 none
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’E2 -5447.606795742 0.239998000 -0.053331070 none
Zn -1779.476967127 -0.016798000 -0.012988630 none
ZnCl, -2699.952888172 -0.025495000 -0.072500140 none
ZnBr, -6928.072941632 -0.031669000 -0.011837010 none
ZnCIBr -4813.991048259 -0.030347000 -0.062486570 none
la -2905.063596138 0.048840000 -0.009028710 none
2a -746.118421692 0.068561000 -0.015551028 none
3aa -616.810835350 0.145723000 -0.017412599 none
2ar -285.891787700 0.065172000 -0.014592707 none
TS1 -4987.344809291 0.238558000 -0.025564930 -98.75
TS2 -3159.234776914 0.326542000 -0.051941540 -148.29
TS3 -3159.264734676 0.327609000 -0.056237350 -16.05
TS4 -3159.304394805 0.333599000 -0.046886760 -315.47
TSS -2828.405000690 0.257419000 -0.037601700 -663.3
TS6 -5447.600166903 0.238355000 -0.043167100 -84.04
TS7 -3288.669720802 0.257716000 -0.050490220 -61.57
Scheme S1. Proposed mechanism of the reaction
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Based on the literature report and preliminary mechanistic experiment, a reaction mechanism

involving amidyl radical was proposed, which may follow two pathways where the reaction was
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initiated from LNi? (B) or LNi'CI (D) complexes. And in each pathway, two possible processes were
considered whether the active Ni species reacted with 1a or 2a first. The free energy profile for both

pathways were calculated and depicted in Figure S1.
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B. Path II: reaction initiated by Ni(l) complex
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Figure S1. Free energy profile for mechanistic pathways of Ni-catalyzed electrophilic amidation.
Calculated at RI-(U)PBWPBY95-D3(BJ)/def2-QZVPP-SMD-(DMA)//(U)PBE0-D3(BJ)/def2-
SVP-SMD-(DMA) level of theory. (A) Path I: reaction initiated by Ni (0) complex 'B. (B) Path
II: reaction initiated by Ni (I) complex 2D2.

Both active nickel species could be generated through reduction of LNi''Cl, (3A) by Zn with free
energy changes of 5.5 kcal/mol and -11.7 kcal/mol respectively. For pathway I, Ni® complex 'B first

underwent an intersystem crossing/conformational change to form the triplet spin state 3B3!. In path
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I-a, 3B bound with 1a to form complex CP1 that went through oxidative addition via TS1 to form *C1
with free energy barrier of 2.0 kcal/mol. 3C1 was then reduced to 2D1 that reacted with 2a through
chlorine abstraction to via TS2 to produce amidyl radical 2ar and 3C2 with free energy barrier of 7.3
kcal/mol. The radical 2ar oxidized 3C2 to form 2E1 via TS3 with free energy barrier of 3.9 kcal/mol.
2E1 finally went through reductive elimination via TS4 to form 3aa and 2D2 with free energy barrier
of 10.9 kcal/mol. 'B was regenerated by reduction of 2D2. In comparison, path I-b begun with the
binding of 3B with 2a to form CP2 that underwent chlorine abstraction to produce radical 2ar and 2D2
via TS5 with free energy barrier of 2.5 kcal/mol. 2D2 then reacted with 1a by oxidative addition to
form 2E2 via TS6 with a high free energy barrier of 17.5 kcal/mol. 2E2 was reduced by Zn to form
3C2, and subsequent process was same as path I-a.

Path II was initiated with Ni' complex 2D2. In path II-a, D2 reacted with 1a to form 2E2 by oxidative
addition via TS6 (barrier 17.5 kcal/mol). 2E2 was reduced to 2D1 which abstracted chlorine atom from
2a to generate 2ar and 3C2 via TS2 (barrier 7.3 kcal/mol). Comparatively, in path II-b, 2D2 first reacted
with 2a by chlorine abstraction to produce 2ar and 3A via TS7 (barrier 7.5 kcal/mol). 3A was then
reduced to 2D2 that went through oxidative addition with 2a to form 2E2 via TS6 (barrier 17.5
kcal/mol). 2E2 was reduced by Zn to form 3C2 which proceeded the following process. Although the
reduction of 3A to 'B is thermodynamically disfavored compared with that of 3A to 2D2, the free energy
barriers related to 3B (TS1, 2.0 kcal/mol; TS2, 7.3 kcal/mol) are much lower than that related to 2D2
(TS6, 17.5 kcal/mol; TS7, 7.5 kcal/mol), indicating path I-a is more kinetically favored. Therefore, a

rational pathway would be that the reaction of Ni° (B) and 1a was the initial step, namely path I-a.
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Figure S2. Optimized structures in the mechanism.
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11. Characterization Spectra for compounds 1w, 1x and 1y
4-Bromobenzyl 2-((2,3-dimethylphenyl)amino)benzoate (1w).
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Chemical Formula: GZDHQABrNOAS
Molecular Weight: 454.38
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4-Bromobenzyl 4-(N, N-dlpropylsulfamoyl)benzoate (1x).
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4-Bromobenzyl 6-(3-((3r,5r,7r)-adamantan-1-yl)-4-methoxyphenyl)-2-naphthoate (1y).
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12. Characterization Spectra for compounds 3-9.
1-(4-Fluorophenyl)pyrrolidin-2-one (3aa).
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Molecular Weight: 179.19
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Chemical Formula: C4gH1gFNO
Molecular Weight: 179.19
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1-(3-Fluorophenyl)pyrrolidin-2-one (3ab).
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Chemical Formula: C1oH10FNO

wwmmd&

Molecular Weight: 179.19
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1-(2-Fluorophenyl)pyrrolidin-2-one (3ac).
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Chemical Formula: C1gH1gFNO
Molecular Weight: 179.19
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1-Phenylpyrrolidin-2-one (3b).
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1-([1,1'-Biphenyl]-4-yl)pyrrolidin-2-one (3c).
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Chemical Formula: C4gH1sNO
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Molecular Weight: 237.30
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1-(4-(Tert-butyl)phenyl)pyrrolidin-2-one (3d).
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Chemical Formula: C14H1gNQ

Molecular Weight: 217.31
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Chemical Formula: C11H13NQOy
Molecular Weight: 191.23
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1-(3-(Trifluoromethoxy)phenyl)pyrrolidin-2-one (3h).
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Chemical Formula: C44HoFaNO2
Molecular Weight: 245.20
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Chemical Formula: C11H1gF3NQO2
Molecular Weight: 245.20
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Chemical Formula: C1,H15NO3

Molecular Weight: 221.26
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4-(2-Oxopyrrolidin-1-yl)benzonitrile (3k).
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Chemical Fermula: Cq1H1oN2O
Molecular Weight: 186.21
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4-(2-Oxopyrrolidin-1-yl)benzaldehyde (31).
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Chemical Formula: C41H4{NO2

Molecular Weight: 189.21
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Ethyl 3-(2-oxopyrrolidin-1-yl)benzoate (3n).
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Chemical Formula: C13H15NO3
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1-(4-Chlorophenyl)pyrrolidin-2-one (30).
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Chemical Formula: C1oHqCINO
Molecular Weight: 195.65
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1-(4-(Hydroxy(phenyl)methyl)phenyl)pyrrolidin-2-one (3p).
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Chemical Formula: C7H{NO;

Molecular Weight: 267.33
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1-(Benzo[d][1,3]dioxol-5-yl)pyrrolidin-2-one (3q).
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Chemical Formula: C11H14NO3s

Molecular Weight: 205.21
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1-(Naphthalen-2-yl)pyrrolidin-2-one (3r).
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1-(9H-Fluoren-2-yl)pyrrolidin-2-one (3s).
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Chemical Formula: C17H15NO

Molecular Weight: 249.31
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1-(9,9-Dimethyl-9 H-fluoren-2-yl)pyrrolidin-2-one (3t).
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Chemical Formula: C1gHygNO

Molecular Weight: 277.37
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1-(Quinolin-3-yl)pyrrolidin-2-one (3u).
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Chemical Formula: C13H15,N,0
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Molecular Weight: 212.25

=1'C
=91'C

10

12

13

14

1 (ppm)

S92



0v0Y'1
8601°C |
8TT1°T 1
TSEIT
6LY1°T | 1
2091°C |
689S°C |
9785°C |
8S65°T |
LTO0€ |

8
ScT10 MJﬁ
!

r

-10

10

PLET'QT —

30

6520°€ 1
$SE0°€
£690°€
STLOE A
2980
$560°€ 7
£969°€

m:m.mw —_— — o1z

IS€ECE —

40

60

SET8'E
£5€8°€
997t ~ = Foot
99¢s°t - 4 Toot
88tS't
b8SS't
6196t
L086'F

7o

9

10
£} (pAm)

6£60°L N )
6L0T°L T — =0T

ares”

1

7
f1 (ppm)
S93

T6ES°L

120

130

=
CRLPIT— d
S .,
© Z <
— L o
z 5y
o o 5O
=) = O &
1 o) o 50
L — =5
[] E=
S5
(=3 w3
S z ® 3
Q m ‘mm
o mM
o [
IS

0
Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2-oxopyrrolidin-1-yl)phenyl)propanoate (3v).
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Chemical Formula: CogHagN20g
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4-(2-Oxopyrrolidin-1-yl)benzyl 2-((2,3-dimethylphenyl)amino)benzoate (3w).
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4-(2-Oxopyrrolidin-1-yl)benzyl 4-(N, N-dipropylsulfamoyl)benzoate (3x).
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Chemical Formula: Cp4HaoN,05S

Molecular Weight: 458.57
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4-(2-Oxopyrrolidin-1-yl)benzyl 6-(3-((3r,5r,7r)-adamantan-1-yl)-4-methoxyphenyl)-2-

naphthoate (3y).
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Chemical Formula: CagHagNO,
Molecular Weight: 585.74
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3-(4-Fluorophenyl)oxazolidin-2-one (5a).
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Chemical Formula: CgHgFNO»
Molecular Weight: 181.17
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2-(4-Fluorophenyl)isoindolin-1-one (Sb).

Chemical Formula: C14H1oFNO

Molecular Weight: 227.24
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Chemical Formula: C14H1oFNO

Molecular Weight: 227.24
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1-(4-Fluorophenyl)azetidin-2-one (5c¢).
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Chemical Formula: CgHgFNO

Molecular Weight: 165.17
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in-2-one (5d).
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Chemical Formula: C11H12,FNO

Molecular Weight: 193.22
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Chemical Formula: C11H,FNO

Molecular Weight: 193.22
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3-carboxylate (5f).
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Methyl 1-(4-fluorophenyl)-5-oxopyrrol
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Chemical Formula: C42H12FNO3

Molecular Weight: 237.23
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Chemical Formula: C12H12FNO3

Molecular Weight: 237.23
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3-carboxylate (5g).
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Methyl 5-ox0-1-(3-(trifluoromethyl)phenyl)pyrrol
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Chemical Formula: C13H12F3NO3

Molecular Weight: 287.24
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N-(4-fluorophenyl)acetamide (5h).
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Chemical Formula: CgHgFNO
Molecular Weight: 153.1564
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Chemical Formula: CsHsFNO
Molecular Weight: 153.1564
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ionamide (5i).

N-(4-fluorophenyl)prop
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Chemical Formula: CgH1oFNO

Molecular Weight: 167.18
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N-(4-fluorophenyl)hexanamide (5j).
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Chemical Formula: C;,H;gFNO

Molecular Weight: 209.26

®oT

B m\ooAN

FS6'0

6

1 (ppm)

7

10

13 12

14

-160 -170 -180 -190 -200 -210

-150

g
(=3
8YT8II- =
86E£T'8II1-
0€€TSTI- ]
TSTTRIT 00T =
CLIT8II- o
SOIT8I1- H,
TT0T8I11 - m
S e
.|_./|\
=

I=

Chemical Formula: C;,H;gFNO

Molecular Weight: 209.26
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N-(4-fluorophenyl)-2-phenylacetamide (5k).
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Chermical Formula: Cq4H,FNO

Molecular Weight: 229.25
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N-(4-fluorophenyl)-3-phenylpropanamide (51).
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Chemical Formula: C5H14FNO

Molecular Weight: 243.28
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Chemical Formula: C4sH4FNO
Molecular Weight: 243.28
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Chemical Formula: C1gH1gFNO
Molecular Weight: 179.19
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N-(4-fluorophenyl)benzamide (Sn).
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Chemical Formula: C1aH19FNO

Molecular Weight: 215.23

e

20T

Fero

10

12

13

14

96L5°0T1-
969¢°0C1-
PSS 0TI-
61vs0CI-
66Cs°0CI-

Iz

A

Chemical Formula: C43H1oFNO

Molecular Weight: 215.23
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Methyl 2-(4-bromophenyl)propanoate (1za)

Chemical Formula: CoH(BrO;

Molecular Weight: 243.10
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Methyl 2-(4-bromophenyl)butanoate (1zb).
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Chemical Formula: C;H;3Br0,

Molecular Weight: 257.13

=0

o1l

=001
—00'¢

=00'C
=00'C

7
f1 (ppm)

10

13 12

14

S119



-10

4 (=]
(=]
€561°CI —
o
=
[=3
68171°TS ~ e
8906°CS 7
(=3
=)
™~
(=3
o0
(=]
=l
cE
=
]
9L6T1T] — — -
(=3
TESS6Cl — =
TLISIEL
8¢t ¥
wy
=3
:
(=]
™~
CO0ZT 4L — —
=3
[o N
(=3
o
I

101S°1
_Nmm,_v.

60L9°€
Omﬁ..mWr
8SELE
\.El..m\
LOSL'E

6Er8' Yy —

LYSEL
069¢°L
916t'L
cS0S'L
€61S°L
618S°L
LE6S'L W
$909°L
1918°L
Y0€8'L
€el6’L
6SC6'L

o

o
Me
Chemical Formula: C1gH17NO3

Molecular Weight: 295.34

MeO'

Methyl 2-(4-(1-oxoisoindolin-2-yl)phenyl)propanoate (6a).
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Methyl 2-(4-(1-oxoisoindolin-2-yl)phenyl)butanoate (6b).
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Chemical Formula: C1gH1gNO3

Molecular Weight: 309.37
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Chermical Formula: C17H15NO3

Molecular Weight: 281.31
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Chemical Formula: C1gH17NO3

Molecular Weight: 295.34
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4-(Chloromethyl)-1-(3-(trifluoromethyl)phenyl)pyrrolidin-2-one (8).
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Chemical Formula: C1oH41CIF3NO

Molecular Weight: 277.67
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3-Chloro-4-(chloromethyl)-1-(3-(trifluoromethyl)phenyl)pyrrolidin-2-one (9, Fluorochloridone).
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Chemical Formula: C42H1oCloF sNO
Molecular Weight: 312.11
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