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1. General considerations

General. Unless otherwise noted, all reactions were carried out under an air atmosphere.
Analytical thin-Aayer chromatography (TLC) was performed on glass plates coated with 0.25
mm 230—400 mesh silica gel containing a fluorescent indicator. Visualization was accomplished
by exposure to a UV lamp. All the products in this article are compatible with standard silica gel
chromatography. Column chromatography was performed on silica gel (200-300 mesh) using
standard methods.

Structural analysis. NMR spectra were measured on a Bruker Ascend 400 spectrometer and
chemical shifts (0) are reported in parts per million (ppm). "H NMR spectra were recorded at
400 MHz in NMR solvents and referenced internally to corresponding solvent resonance, and
13C NMR spectra were recorded at 101 MHz and referenced to corresponding solvent
resonance. Coupling constants are reported in Hz with multiplicities denoted as s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet) and br (broad). Infrared spectra were collected on
a Thermo Fisher Nicolet 6700 FT-IR spectrometer using ATR (Attenuated Total Reflectance)
method. Absorption maxima (v max) are reported in wavenumbers (cm-1). High resolution mass
spectra (HRMS) were acquired on Thermo Scientific LTQ Orbitrap XL with an APCI or ESI
source.

Materials. Commercial reagents and solvent were purchased from Adamas, J&K, Energy,

Sigma-Aldrich, Alfa Aesar, Acros Organics, TCl and used as received unless otherwise stated.



2. General procedure for amination of aryl halides

2.1 General procedure A for generating monoaryl amines

(+) Ni || Ni (-), DBU (0.6 mmol)
S TBAB (0.3 mmol), NiCl,:DME(15 mol%)

i NH,
R +  TMSN; > X
= bpy (15 mol%), TEMPO (30 mol%) RT
X=(CLBr,)  06mmol DMA (3.0 mL), H,0 (10 L)
0.3 mmol ' Ar, 3 mA, 10 h, 60°C, 800 rpm 2

General Procedure A: aryl halides (0.30 mmol, 1.0 equiv.), TMSN; (0.60 mmol, 2.0 equiv.),
NiCl,-DME (0.045 mmol, 15 mol%), bpy (0.045 mmol, 15 mol%), DBU (0.60 mmol, 2.0 equiv.),
TEMPO (30 mol%), H,O (10.0 pL), TBAB (0.30 mmol, 1.0 equiv.) and DMA (3.0 mL) were added
to a dried 25 mL reaction tube, and electrolyze with Ni as anode and cathode at a constant
current of 3 mA for 10 hours in an Ar atmosphere at 60 °C. After the reaction, the reaction
mixture was diluted with 15 mL of water and then extracted with ethyl acetate (3 x 15 mL). The
combined organic phases were dried over Na,SO,4 and concentrated under vacuum to yield the
crude product, which was subsequently purified by column chromatography on silica gel using
a PE/EA (2:1) mixture as the eluent to obtain the desired products.

2.2 General procedure B for generating diaryl amines

X (+) Al || C (), EtsN (0.9 mmol) H
R TBAB (0.3 mmol), NiCl,'DME (15 mol%) PN
L~ + TMSN; R | 1R
~ dtbbpy (15 mol%), DMA (3.0 mL) = =
(X=CLBr.1) 96 mmol Ar, 3mA, 10 h, 60°C, 800 rpm 3
0.3 mmol

General Procedure B: aryl halides (0.30 mmol, 1.0 equiv.), TMSN; (0.60 mmol, 2.0 equiv.),
NiCl,-DME (0.045 mmol, 15 mol%), dtbbpy (0.045 mmol, 15 mol%), TEA (0.90 mmol, 3.0
equiv.), TBAB (0.30 mmol, 1.0 equiv.) and DMA (3.0 mL) were added to a dried 25 mL reaction
tube, and electrolyze with Al as anode and Carbon as cathode at a constant current of 3 mA for
10 hours in an Ar atmosphere at 60 °C. After the reaction, the reaction mixture was diluted with
15 mL of water and then extracted with ethyl acetate (3 x 15 mL). The combined organic phases
were dried over Na,SO,4 and concentrated under vacuum to yield the crude product, which was
subsequently purified by column chromatography on silica gel using a PE/EA (5:1) mixture as
the eluent to obtain the desired products.



3. Optimization of nickel-catalyzed amination of aryl halides

3.1 Optimization of solvent (Table SI-1)

TMSN,

0.6 mmol (+) Ni || Ni (-), DBU (0.6 mmol)

TBAB (0.3 mmol), NiCl,-DME(15 mol%)

. NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /©/
/©/ Solvent, H,0 (10 L) NC NC
NC

H
N

L,

Ar, 3mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol

Entry Solvent (3.0 mL) 2a (%) 3r (%)
1 DMA 70 10
2 DMF 52 trace
3 MeCN 30 trace
4 DMSO 18 trace
5 MeOH trace trace
6 DCM trace trace

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol),
TEMPO (30 mol%), H,O (10.0 L), Solvent, Ar, 60°C, 800 rpm, Ni as Anode and cathode at 3 mA for
10h, isolated yields are shown.



3.2 Optimization of base (Table SI-2)

TMSN,

0.6 mmol (+) Ni || Ni (-), Base

TBAB (0.3 mmol), NiCl,-DME(15 mol%)

N NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /©/
/©/ DMA (3.0 mL), H,O (10 pL) NC NC
NC

H
N

L,

Ar, 3mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol

Entry Base (2.0 equiv.) 2a (%) 3r (%)
1 DBU 70 10
2 MTBD 53 13
3 TBD 33 19
4 DBN 48 7
4 TMG 62 15
5 CsCO; trace trace
6 NaH,PO, 19 11
7 BuOK trace trace
8 TMEDA 24 22
9 DIPEA 27 14
10 DIPA 22 8
2 Et:N 27 27

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), Base, TBAB (1.0 equiv., 0.3 mmol), TEMPO (30 mol%), H,O
(10.0 yL), DMA (3.0 mL), Ar, 60°C, 800 rpm, Ni as Anode and cathode at 3 mA for 10h, isolated yields
are shown.



3.3 Optimization of temperature (Table SI-3)

TMSN,

0.6 mmol (+) Ni || Ni (-), DBU (0.6 mmol)

TBAB (0.3 mmol), NiCl,-DME(15 mol%) n

. NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /©/ O
/©/ DMA (3.0 mL), H,0 (10 L) NC NG CN
NC

Ar, 3 mA, 10 h, Temperature, 800 rpm 2a 3r
0.3 mmol
Entry Temperature 2a (%) 3r (%)
1 60°C 70 10
2 25C 43 2
4 40°C 55 13
S 80°C 66 11

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol),
TEMPO (30 mol%), H>O (10.0 uL), DMA (3.0 mL), Ar, Temperature, 800 rpm, Ni as Anode and cathode
at 3 mA for 10h, isolated yields are shown.



3.4 Optimization of [Ni] Source (Table SI-4)

TMSN,

0.6 mmol (+) Ni || Ni (-), DBU (0.6 mmol)

TBAB (0.3 mmol), [Ni] Source

N NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /©/
/©/ DMA (3.0 mL), H,O (10 pL) NC NC
NC

H
N

L,

Ar, 3 mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol

Entry [Ni] source (15 mol%) 2a (%) 3r (%)
1 NiCl,-DME 70 10
2 NiBr,-DME 64 6
3 NiBr, 43 Trace
4 NiCl, 40 Trace
5 Nil, 28 Trace
6 NiCl,-2PCys; 36 Trace
7 NiCl,-2PPhs 27 Trace

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol), [Ni]
Source (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol), TEMPO

(30 mol%), H,O (10.0 yL), DMA (3.0 mL), Ar, 60°C, 800 rpm, Ni as Anode and cathode at 3 mA for 10h,
isolated yields are shown.



3.5 Optimization of ligand (Table SI-5)

TMSN;
(+) Ni || Ni (-), DBU (0.6 mmol)
0.6 mmol TBAB (0.3 mmol), NiCl,:DME(15 mol%)

H
+ NH, N
Br Ligand, TEMPO (30 mol%) O + /@ @\
/©/ DMA (3.0 mL), H,0 (10 pL) NC NC CN
NC

Ar, 3mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol

Entry Ligand (15 mol%) 2a (%) 3r (%)
1 L1 70 10
2 L2 53 15
3 L3 50 12
4 L4 39 12
5 L5 33 14
6 L6 34 17
7 L7 48 15
8 L8 27 16
9 L9 41 trace
10 L10 38 trace
11 L11 66 trace
12 L12 62 8

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), Ligand, DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol), TEMPO (30
mol%), H,O (10.0 yL), DMA (3.0 mL), Ar, 60°C, 800 rpm, Ni as Anode and cathode at 3 mA for 10h,
isolated yields are shown.

Bu Bu  Me Me MeO OMe
o Q42 Qo R
L1 L2 L3 L4
H,N NH, Ph EtOZC COzEt HOOC COOH
- N = N
L5 L8
=

— MeO OMe _ |
sk C/@‘é M g
Me Me —N }\1/ Q N N Q N N~

L9 L10 L11 L12



3.6 Optimization of electrodes (Table SI-6)

TMSN;

0.6 mmol Electrodes, DBU (0.6 mmol)

TBAB (0.3 mmol), NiCl,-DME(15 mol%)

. NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /@l
/©/ DMA (3.0 mL), H,0 (10 L) NC NG
NC

H
N

L,

Ar, 3 mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol
Entry Eectrodes 2a (%) 3r (%)
1 (+) Ni || Ni (=) 70 10
2 (+)Ni ]| C () 63 12
3 (F) Al C (-) 23 23
4 (+) Al']| Ni (-) 27 14
5 (+)Fe || C (-) 31 11
6 (+)SS || C () 42 4
7 (+)Zn || C (-) 16 24

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol),

TEMPO (30 mol%), H,O (10.0 yL), DMA (3.0 mL), Ar, 60°C, 800 rpm, Eectrodes at 3 mA for 10h, isolated
yields are shown.



3.7 Optimization of electrolyte (Table SI-7)

TMSN;

0.6 mmol (+) Ni || Ni (-), DBU (0.6 mmol)

Electrolyte, NiCl,-DME(15 mol%)

. NH,
Br bpy (15 mol%), TEMPO (30 mol%) O + /@l
/©/ DMA (3.0 mL), H,0 (10 L) NC NG
NC

H
N

L,

Ar, 3 mA, 10 h, 60 °C, 800 rpm 2a 3r
0.3 mmol

Entry Temperature (0.1 M) 2a (%) 3r (%)
1 TBAB 70 10
2 TBAI 43 6
4 TBACI 31 trace
5 Nal 33 trace
6 NacCl 24 trace
7 LiBr 50 10
8 nBusNPFg 54 7

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), electrolyte, TEMPO (30 mol%),
H,O (10.0 pL), DMA (3.0 mL), Ar, 60°C, 800 rpm, Ni as Anode and cathode at 3 mA for 10h, isolated
yields are shown.

10



3.8 Optimization of additive (Table SI-8)

TMSN;

0.6 mmol (+) Ni || Ni (-), DBU (0.6 mmol)

TBAB (0.3 mmol), NiCl,-DME(15 mol%)

* NH,
Br bpy (15 mol%), Additive /Ej ¥ /©/
/©/ DMA (3.0 mL), H,0 (X uL) NC NG
NC

H
N

L,

Ar, 3 mA, 10 h, 60°C, 800 rpm 2a 3r
0.3 mmol

Entry Additive 2a (%) 3r (%)
1 TEMPO (30 mol%), H,O (10 pL) 70 10
3 TEMPO (20 mol%), H>O (10 uL) 61 13
4 TEMPO (40 mol%), H>O (10 uL) 57 11
5 TEMPO (50 mol%), H,O (10 uL) 39 4
6 TEMPO (100 mol%), H>O (10 pL) 22 Trace
7 TEMPO (0 mol%), H,O (10 uL) 50 17
8 TEMPO (30 mol%), H,O (0 uL) 58 16
9 TEMPO (30 mol%), H>O (20 uL) 68 7
10 TEMPO (30 mol%), H>O (30 uL) 62 8
11 TEMPO (30 mol%), H>O (50 uL) 49 6
12 Without TEMPO and H,O 44 18

Reaction conditions: 4-Bromobenzonitrilel (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol),
NiCl,-DME (15.0 mol%), bpy (15.0 mol%), DBU (2.0 equiv., 0.6 mmol), TBAB (1.0 equiv., 0.3 mmol),
Additive, H,O (10.0 pL), DMA (3.0 mL), Ar, Temperature, 800 rpm, Ni as Anode and cathode at 3 mA for
10h, isolated yields are shown.
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3.9 Optimization of diaryl amination

TMSN,

0.6 mmol (+) Al'|| C (-), EtzN (0.9 mmol)

TBAB (0.3 mmol), NiCl,-DME (15 mol%) H

+
Br dtbbpy (15 mol%), DMA (3.0 mL) O
/©/ Ar, 3mA, 10 h, 60°C, 800 rpm tBu
Bu

L,

u

3c
0.3 mmol
Entry Variations from the ‘standard’ conditions Yield 3c (%)
1 None 76
2 Without electrolysis N.R. [P
3 Without dtbbpy Trace
4 Without EtsN Trace
5 without NiCl,-DME Trace
6 DMF instead of DMA 66
7 MeCN instead of DMA 33
8 DBU instead of Et;N 55
9 TMG instead of DBU 42
10 (+) Ni || C (-) as electrodes 60
11 (+) Al'|| Pt (-) as electrodes 27

Standard conditions B: aryl halides (1.0 equiv., 0.3 mmol), TMSN; (2.0 equiv., 0.6 mmol), Al (+)|| C (-),
NiCl,:DME (15.0 mol%, 0.045 mmol), dtbbpy (15.0 mol%, 0.045 mmol), TBAB (1.0 equiv., 0.3 mmol),
Et;N (3.0 equiv., 0.9 mmol), DMA (3.0 mL), 800 rpm, 60°C, constant current = 3 mA in Ar for 10h (3.7
F/mol), isolated yields are shown and in an undivided cell.

12



4. Gram-scale experiment

Br (+) Ni || Ni (-), DBU (2.0 equiv.) NH,
/©/ TBAB (1.0 equiv.), NiCl,-DME(15 mol%) /@
NG + TMSN; ~ NG

00 0qulv.  DPY (15 mol%), DMA (90.0 mL), H,0 (0.3 mL) ,
9.0 mmo| q Ar, 25 mA., 36 h, 60°C, 800 rpm 28’5‘289/"

4-Bromobenzonitrile (9.0 mmol, 1.0 equiv.), TMSN3; (18.0 mmol, 2.0 equiv.), NiCl,-DME (1.35
mmol, 15 mol%), bpy (1.35 mmol, 15 mol%), DBU (18.0 mmol, 2.0 equiv.), H,O (0.3 mL), TBAB
(9.0 mmol, 1.0 equiv.) and DMA (90.0 mL) were added to a dried 250 mL reaction tube, and
electrolyze with Ni as anode and cathode at a constant current of 25 mA for 36 hours in an Ar
atmosphere at 60 °C. After the reaction, the reaction mixture was diluted with 200 mL of water
and then extracted with ethyl acetate (3 x 200 mL). The combined organic phases were dried
over Na,SO, and concentrated under vacuum to yield the crude product, which was
subsequently purified by column chromatography on silica gel using a PE/EA (2:1) mixture as
the eluent to afford 2a (0.51 g) with a yield of 48%.

B (+) Al || C (-), Et3N (3.0 equiv.) H
/@/ r TBAB (1.0 equiv.), NiCl,-DME (15 mol%) /@/ @
By +  TMSNg dtbbpy (15 mol%), DMA (90.0 mL) By By
9.0 mmol 2.0 equiv. Ar, 25 mA, 36 h, 60°C, 800 rpm 3c, 57%
0.72g

1-Bromo-4-(tert-butyl)benzene (9.0 mmol, 1.0 equiv.), TMSN; (18.0 mmol, 2.0 equiv.),
NiCl,-DME (1.35 mmol, 15 mol%), dtbbpy (1.35 mmol, 15 mol%), TEA (27.0 mmol, 3.0 equiv.),
TBAB (9.0 mmol, 1.0 equiv.) and DMA (90.0 mL) were added to a dried 250 mL reaction tube,
and electrolyze with Al as anode and Carbon as cathode at a constant current of 25 mA for 36
hours in an Ar atmosphere at 60 °C. After the reaction, the reaction mixture was diluted with 200
mL of water and then extracted with ethyl acetate (3 x 200 mL). The combined organic phases
were dried over Na,SO,4 and concentrated under vacuum to yield the crude product, which was
subsequently purified by column chromatography on silica gel using a PE/EA (5:1) mixture as
the eluent to afford 3a (0.72 g) with a yield of 57%.

13



5. Comparison of standard condition A and standard condition B

/©/Br
0.3 mmol
+

TMSN3
0.6 mmol

iog
R

0.3 mmol
+
TMSN;
0.6 mmol

(+) Ni |] Ni (-), DBU (0.6 mmol)
TBAB (0.3 mmol), NiCl,-DME(15 mol%

bpy (15 mol%), TEMPO (30 mol%)
DMA (3.0 mL), H,O (10 L)
Ar, 3mA, 10 h, 60°C, 800 rpm
Standard conditions A

80%
70%
60%
50%
40%
30%
20%
10%

0%

Momoaryl amination

Standard conditions A

70%

38%
’ 33%

2%
17%

IO% 5%

R=tBu R=Me R=CN R=COOEt

10%

B Mono amination @ Diaryl amination

(+) Al']] C (-), EtzN (0.9 mmol)

TBAB (0.3 mmol), NiCl,-DME (15 mol%)

dtbbpy (15 mol%), DMA (3.0 mL)
Ar, 3 mA, 10 h, 60°C, 800 rpm

80%
70%
60%
50%
40%
30%
20%
10%

0%

Standard conditions B

0,
76% o, 250

51%
16%
6% 7%
44

=tBu R=Me R=CN R=COOEt

m Mono amination @ Diaryl amination

14

. NH,
o 1
R R

geaNeacy

Diaryl amination

H
N

.,

Diaryl amination



6. Unsuccessful substrate

(+) Al'|| C (-), Et3N (0.9 mmol)

BT TBAB (0.3 mmol), NiCly:DME (15 mol%)
R-T +
O/ TMSN, dtbbpy (15 mol%), DMA (3.0 mL)

0.3 mmol 0.6 mmol Ar, 3mA, 10 h, 60°C, 800 rpm
Standard conditions B

unsuccessful examples

©:Br ©iBr
Me F

15



7. General procedure for the synthesis of aryl bromide drugs

Iz

/©)J\CI R-OH Et;N (2.0 equiv.), DMAP (0.1 equiv)
+ or 0]
Br R—NH, DCM, 0 °C to rt, overnight /©)J\ R
Br

\/ Br #\Q

= Br -
~ O H O//' O Br
MeOQC ‘\\N
0 N o ©
Ph O

%o o)

Br
m/g Ve >
N
CID\\\‘ 0]

Cl

To a solution of alcohol or amine (5.0 mmol, 1.0 equiv.), DMAP (0.5 mmol, 0.1 equiv.) and
EtsN (10 mmol, 2.0 equiv.) in DCM (10.0 mL) was added the solution of 4-bromobenzoylchloride
(5.0 mmol, 1.0 equiv.) in DCM (10.0 mL) dropwise using syringe at 0 °C. After stirring for 30
minutes, the mixture was allowed to stir at room temperature overnight. Then the mixture was
diluted with saturated NH,Cl solution (20 mL), and extracted with DCM (3 x 10 mL). The organic

layer was washed with brine, dried over MgSO,4 and evaporated. The residue was purified with
flash column chromatography to give the desired aryl bromide.!

0]
OH o K>CO3 (2.0 equiv.), Nal (0.1 equiv.) o
+ O/\ > O/\
Br Br MeCN, 80°C, overnight
Br

To a solution of 4-bromophenol (5.78 mmol, 1 equiv.), ethyl 2-bromoisobutyrate (5.78 mmol,
1 equiv.), K;COj3 (11.56 mmol, 2 equiv.) and Nal (0.58 mmol, 0.1 equiv.) in MeCN (30.0 mL)

was heated at 80°C overnight. The solvent was removed and the residue was partitioned
between EtOAc and H,O. The organic layer was washed with brine, dried over MgSO,4 and
evaporated. The residue was purified with flash column chromatography to give the desired aryl
bromide.?

16



0]

K2CO3 (20 GQUiV.)
gBr + R-COOH O)J\R
Br DMF, rt., 10 h
Br

_ Br i v@&
F : Oﬁ OO ' O
(0]
MeO

To carboxylic acid (1.5 mmol) in DMF (10.0 mL) was added K,CO3; (2.0 mmol) and 4-
bromobenzyl bromide (1.0 mmol). The resulting mixture was stirred at room temperature for 10
h, after which time the reaction mixture was diluted with H,O and extracted with EtOAc (3 x 10
mL). The organic layer was washed with brine, dried over MgSO,4 and evaporated. The residue
was purified with flash column chromatography to give the desired aryl bromide.3

17



8. Characterization data of products

Preparation and Characterization Data for Isolated Products. 2a,* 2b,* 2¢,5 2d,* 2e,5 2f,” 2g,8
2h,” 2i,% 2j,° 2k,8 21,7 2m,"% 2n,* 20,"" 2p,'2 2q,'3 2r,* 2s,% 2t,7 2u,” 2v,"* 2w,* 2x,* 2y,'5 2za *
2zb,"6 2zc,'7 2zd,'8 2ze, " 3a,20 3b,2" 3¢,22 3d,2"! 3e,22 3f,20 39,20 3h,20 3,20 3,20 3k, 20 3|,20 3m,20
3n,2° 30,2 3r,20 3t,2 3u,>2? 3v, 3x,22 3zb?* and 4d%5 are known compounds, and the
characterization data were in accordance with the literature. 'H/'3C/'°F NMR data for these
compounds are provided here for completion’s sake.

NC

(2a) 4-aminobenzonitrile (CAS: 873-74-5)*: Following the General Procedure A with 4-
bromobenzonitrile (54.6 mg, 0.3 mmol), 2a was obtained as a yellow solid (24.8 mg, 70%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.40 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.4 Hz, 2H), 4.22 (s, 2H). 13C
NMR (101 MHz, CDCl3) 6 150.6, 133.8, 120.3, 114.5, 100.0.

FsC

(2b) 4-(trifluoromethyl)aniline (CAS: 455-14-1)*: Following the General Procedure A with 1-
bromo-4-(trifluoromethyl)benzene (67.5 mg, 0.3 mmol), 2b was obtained as a yellow oil (30.5
mg, 63%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, CDCl;) 6 7.38 (d, J = 8.8 Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 3.92 (s, 2H). 13C
NMR (101 MHz, CDCl3) 6 149.4, 126.7 (q, J = 3.8 Hz), 124.9 (q, J = 271.5 Hz), 120.1 (q, J =
32.6 Hz), 114.2. "9F NMR (376 MHz, CDCl;) 6 -61.16.

O,N

(2c) 4-nitroaniline (CAS: 100-01-6)°: Following the General Procedure A with 1-bromo-4-
nitrobenzene (60.6 mg, 0.3 mmol), 2c was obtained as a yellow solid (25.7 mg, 62%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl;) 6 8.07 (d, J = 8.8 Hz, 2H), 6.63 (d, J = 8.8 Hz, 2H), 4.40 (s, 2H). 13C
NMR (101 MHz, CDCl3) 6 152.5, 139.1, 126.34, 113.4.

NH,

O

(2d) ethyl 4-aminobenzoate (CAS: 94-09-7)4: Following the General Procedure A with ethyl 4-
bromobenzoate (68.7 mg, 0.3 mmol), 2d was obtained as a white solid (16.3 mg, 33%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

18



'H NMR (400 MHz, CDCl3) & 7.90 — 7.80 (m, 2H), 6.67 — 6.59 (m, 2H), 4.31 (q, J = 7.2 Hz, 2H),
4.03 (s, 2H), 1.36 (t, J = 7.2 Hz, 3H). '3C NMR (101 MHz, CDCl3) & 166.7, 150.8, 131.6, 120.1,

113.8, 60.3, 14.4.
NH,
Q Q

Me”~ S\b

(2e) 4-(methylsulfonyl)aniline (CAS: 5470-49-5)%: Following the General Procedure A with 1-
bromo-4-(methylsulfonyl)benzene (70.5 mg, 0.3 mmol), 2e was obtained as a white solid (38.0
mg, 74%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, CDCl3) 6 7.71 — 7.62 (m, 2H), 6.74 — 6.67 (m, 2H), 4.33 (s, 2H), 3.00 (s,
3H). 3C NMR (101 MHz, CDCl;) 6 151.6, 129.4, 128.5, 114.1, 45.0.

MeS

(2f) 4-(methylthio)aniline (CAS: 104-96-1)": Following the General Procedure A with (4-
bromophenyl)(methyl)sulfane (60.9 mg, 0.3 mmol), 2f was obtained as a yellow oil (16.7 mg,
40%). This target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.18 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 3.66 (s, 2H),
2.41 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 145.1, 131.0, 125.7, 115.7, 18.7.

Me

(2g) p-toluidine (CAS: 106-49-0)3: Following the General Procedure A with 1-bromo-4-
methylbenzene (51.3 mg, 0.3 mmol), 2g was obtained as a yellow oil (12.2 mg, 38%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 6.96 (d, J = 8.0 Hz, 2H), 6.59 (d, J = 8.4 Hz, 2H), 3.49 (s, 2H),
2.23 (s, 3H). 3C NMR (101 MHz, CDCl3) 6 143.9, 129.8, 127.8, 115.3, 20.5.

™

(2h) aniline (CAS: 62-53-3): Following the General Procedure A with bromobenzene (47.1 mg,
0.3 mmol), 2h was obtained as a yellow oil (11.5 mg, 41%). This target product was purified by
column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCI3) 6 7.18 = 7.11 (m, 2H), 6.78 —6.72 (m, 1H), 6.70 — 6.64 (m, 2H), 3.60
(s, 2H). 3C NMR (101 MHz, CDCl3) 6 146.4, 129.3, 118.6, 115.1.

19



(2i) 3-aminobenzonitrile (CAS: 2237-30-1)%: Following the General Procedure A with 3-
bromobenzonitrile (54.6 mg, 0.3 mmol), 2i was obtained as a yellow solid (20.5 mg, 58%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.21 (t, J = 7.9 Hz, 1H), 7.01 (dt, J= 7.6, 1.2 Hz, 1H), 6.92 — 6.84
(m, 2H), 3.91 (s, 2H). '3C NMR (101 MHz, CDCl3) 6 147.0, 130.1, 121.9, 119.24, 119.22, 117 .4,
112.9.

Me\S//O

) NH,
0

(2j) 3-(methylsulfonyl)aniline (CAS: 35216-39-8)°: Following the General Procedure A with 1-
bromo-3-(methylsulfonyl)benzene (70.5 mg, 0.3 mmol), 2j was obtained as a yellow solid (30.8
mg, 60%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, CDCl3) 6 7.30 (q, J = 8.0 Hz), 7.27 (d, J = 1.6 Hz, 1H), 7.26 — 7.24 (m, 1H),
7.21 (t, J = 2.0 Hz, 1H), 6.92 — 6.87 (m, 1H), 4.04 (s, 2H), 3.03 (s, 2H). 3C NMR (101 MHz,
CDCl3) 6 147.5, 141.34, 130.3, 119.7, 116.6, 112.8, 44 4.

F3C\©NH2

(2k) 3-(trifluoromethyl)aniline (CAS: 98-16-8): Following the General Procedure A with 1-
bromo-3-(trifluoromethyl)benzene (67.5 mg, 0.3 mmol), 2k was obtained as a yellow solid (29.0
mg, 60%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, CDCl3) 6 7.23 (t, J = 8.0 Hz, 1H), 7.02 — 6.96 (m, 1H), 6.90 — 6.86 (m, 1H),
6.80 (dd, J = 8.4, 2.4 Hz, 1H), 3.81 (s, 2H). '3C NMR (101 MHz, CDCls) 6 146.7, 131.6 (q, J =
31.9 Hz), 129.8, 124.2 (q, J = 272.2 Hz), 118.0 (q, J = 1.6 Hz), 115.0 (q, J = 4.0 Hz), 111.3 (q,
J=3.9 Hz). °F NMR (376 MHz, CDCl5;) 0 -62.95.

CN
NH,

(21) 2-aminobenzonitrile (CAS: 1885-29-6)7

Following the General Procedure A with 2-bromobenzonitrile (54.6 mg, 0.3 mmol), 2l was
obtained as a yellow solid (17.4 mg, 49%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.38 — 7.28 (m, 2H), 6.77 — 6.68 (m, 2H), 4.45 (s, 2H). 3C NMR
(101 MHz, CDCl;) & 149.6, 133.9, 132.2, 117.8, 117.6, 115.1, 95.8.
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F3CI>NH2

NC
(2m) 4-amino-2-(trifluoromethyl)benzonitrile(CAS: 98-16-8)'%: Following the General
Procedure A with 4-bromo-2-(trifluoromethyl)benzonitrile (75.0 mg, 0.3 mmol), 2m was obtained
as a yellow solid (47.5 mg, 85%). This target product was purified by column chromatography
on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, CDCl3) 6 7.55 (d, J = 8.4 Hz, 1H), 6.95 (d, J = 2.0 Hz, 1H), 6.78 (dd, J = 8.4,
2.0 Hz, 1H), 4.45 (s, 2H). '3C NMR (101 MHz, CDCl;) 6 150.3, 136.3, 134.5 (q, J = 32.0 Hz),

122.4 (q, J = 273.7 Hz), 116.8, 116.3, 112.1 (q, J = 4.8 Hz). "°F NMR (376 MHz, CDCl;) & -
62.55.

MteNHZ

NC

(2n) 4-amino-2-methylbenzonitrile (CAS: 72115-06-1)*: Following the General Procedure A
with 4-bromo-2-methylbenzonitrile (58.8 mg, 0.3 mmol), 2n was obtained as a yellow solid (23.8
mg, 60%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, CDCl3) 6 7.34 (d, J = 8.4 Hz, 1H), 6.53 — 6.44 (m, 2H), 4.15 (s, 2H), 2.41 (s,
3H). 3C NMR (101 MHz, CDCl3) 6 150.4, 143.5, 134.0, 119.4, 115.3, 112.0, 100.6, 20.4.

CF,
NH,

NC

(20) 4-amino-3-(trifluoromethyl)benzonitrile (CAS: 327-74-2)'': Following the General
Procedure A with 4-bromo-3-(trifluoromethyl)benzonitrile (75.0 mg, 0.3 mmol), 20 was obtained
as a yellow solid (30.2 mg, 54%). This target product was purified by column chromatography
on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.71 (d, J = 0.8 Hz, 1H), 7.52 (dd, J = 8.4, 1.6 Hz, 1H), 6.78 (d, J
= 8.4 Hz, 1H), 4.78 (s, 2H). '3C NMR (101 MHz, CDCl3) 6 148.0, 136.2, 131.6 (q, J = 5.3 Hz),
123.7 (q, J = 272.4 Hz), 118.8, 117.2, 113.5 (q, J = 31.3 Hz), 99.8. '°F NMR (376 MHz, CDCl5)
0 -63.63.

CN
NH,

NC

(2p) 4-aminoisophthalonitrile (CAS: 19619-22-8)12: Following the General Procedure A with
4-bromoisophthalonitrile (62.1 mg, 0.3 mmol), 2p was obtained as a yellow solid (24.9 mg, 58%).
This target product was purified by column chromatography on silica gel (PE/EA = 2:1).
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'H NMR (400 MHz, DMSO) 5 7.99 (d, J = 2.0 Hz, 1H), 7.63 (dd, J = 8.8, 2.0 Hz, 1H), 7.06 (s,
2H), 6.85 (d, J = 8.8 Hz, 1H). 13C NMR (101 MHz, DMSO) & 154.8, 138.8, 137.1, 119.2, 116.8,

116.1, 97.3, 94.1.
NH,
MeO

o)

(2g) methyl 6-amino-2-naphthoate (CAS: 5159-59-1)13: Following the General Procedure A
with methyl 6-bromo-2-naphthoate (79.5 mg, 0.3 mmol), 2q was obtained as a yellow solid (38.6
mg, 64%). This target product was purified by column chromatography on silica gel (PE/EA =
2:1).

"H NMR (400 MHz, DMSO) 6 8.34 (d, J= 1.2 Hz, 1H), 7.80 - 7.71 (m, 2H), 7.54 (d, J = 8.8 Hz,
1H), 7.01 (dd, J = 8.8, 2.4 Hz, 1H), 6.84 (d, J = 2.0 Hz, 1H), 5.85 (s, 2H), 3.85 (s, 3H). '3C NMR
(101 MHz, DMSO) 6 167.2, 149.9, 138.1, 131.1, 131.0, 125.6, 125.5, 125.3, 121.9, 119.5, 105.6,

52.2.
S

(2r) benzo[b]thiophen-5-amine (CAS: 20532-28-9)*: Following the General Procedure A with
5-bromobenzo[b]thiophene (63.9 mg, 0.3 mmol), 2r was obtained as a yellow solid (17.0 mg,
38%). This target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.61 (d, J = 8.4 Hz, 1H), 7.36 (d, J = 5.6 Hz, 1H), 7.13 (d, J=5.6
Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.75 (dd, J = 8.4, 2.4 Hz, 1H), 3.67 (s, 2H). 3C NMR (101
MHz, CDCI3) 6 143.5, 140.8, 130.4, 127.0, 123.00, 122.95, 114.8, 108.2.

N
L
S

(2s) benzo[d]thiazol-2-amine (CAS: 136-95-8)%: Following the General Procedure A with 2-
bromobenzo[d]thiazole (64.2 mg, 0.3 mmol), 2s was obtained as a yellow solid (23.0 mg, 51%).
This target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.59 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.34 — 7.28 (m,
1H), 7.16 — 7.10 (m, 1H), 5.56 (s, 2H). '3C NMR (101 MHz, CDClI3) 6 165.9, 152.0, 131.6, 126.0,
122.3, 120.9, 119.2.

(2t) quinolin-4-amine (CAS: 578-68-7)": Following the General Procedure A with 4-
bromoquinoline (64.2 mg, 0.3 mmol), 2t was obtained as a yellow solid (24.6 mg, 57%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).
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'H NMR (400 MHz, DMSO) & 8.32 (d, J = 5.2 Hz, 1H), 8.19 = 8.12 (m, 1H), 7.79 — 7.74 (m, 1H),
7.62 —7.55 (m, 1H), 7.42 — 7.34 (m, 1H), 6.79 (s, 2H), 6.56 (d, J = 5.2 Hz, 1H). '3C NMR (101
MHz, DMSO) & 151.9, 150.8, 149.3, 129.4, 129.3, 123.9, 122.8, 119.1, 102.8.

o NH2
0y
N

(2u) quinolin-3-amine (CAS: 578-68-7)": Following the General Procedure A with 4-
bromoquinoline (62.4 mg, 0.3 mmol), 2u was obtained as a yellow solid (24.7mg, 57%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 8.51 (d, J = 2.8 Hz, 1H), 7.99 — 7.93 (m, 1H), 7.61 — 7.56 (m, 1H),
7.48 —7.39 (m, 2H), 7.23 (d, J = 2.4 Hz, 1H), 3.93 (s, 2H). '3C NMR (101 MHz, CDCl3) 6 143.1,
142.8, 139.7, 129.10, 129.07, 126.9, 125.8, 125.6, 114.9.

o NH2

N
(2v) pyridin-4-amine (CAS: 504-24-5)14: Following the General Procedure A with 4-
bromopyridine (47.4 mg, 0.3 mmol), 2v was obtained as a white solid (14.7 mg, 52%). This
target product was purified by column chromatography on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, DMSO) 6 7.95 (dd, J = 4.8, 1.5 Hz, 2H), 6.44 (dd, J = 4.8, 1.6 Hz, 2H), 5.95
(s, 2H). 3C NMR (101 MHz, DMSOQ) 6 154.7, 150.0, 109.3.

FsC NH,

N
N~
(2w) 2-(trifluoromethyl)pyridin-4-amine (CAS: 147149-98-2)%: Following the General
Procedure A with 4-bromo-2-(trifluoromethyl)pyridine (67.8 mg, 0.3 mmol), 2w was obtained as
a yellow solid (44.3 mg, 91%). This target product was purified by column chromatography on
silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 8.25 (s, 1H), 6.87 (s, 1H), 6.62 (d, J = 2.4 Hz, 1H), 4.64 (s, 2H).
13C NMR (101 MHz, CDCI3) 6 153.93, 150.29, 148.93 (q, J = 33.7 Hz), 121.7 (q, J = 275.3 Hz),
111.13, 106.24 (q, J = 3.1 Hz). '°F NMR (376 MHz, CDCl;) 6 -68.53.

Fu o NH:

N

(2x) 2-fluoropyridin-4-amine (CAS: 18614-51-2)*: Following the General Procedure A with 4-
bromo-2-fluoropyridine (52.8 mg, 0.3 mmol), 2x was obtained as a yellow solid (20.9 mg, 62%).
This target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.80 (d, J = 5.6 Hz, 1H), 6.43 — 6.36 (m, 1H), 6.08 (d, J = 2.0 Hz,
1H), 4.61 (s, 2H). 3C NMR (101 MHz, CDCl;) 6 165.44 (d, J = 232.2 Hz), 157.20 (d, J = 11.7
Hz), 147.50 (d, J = 18.6 Hz), 108.21 (d, J = 2.9 Hz), 92.78 (d, J = 41.8 Hz). "°F NMR (376 MHz,
CDCl3) 6 -69.93.
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FsC~ °N

(2y) 6-(trifluoromethyl)pyridin-3-amine (CAS: 106877-33-2)'5: Following the General
Procedure A with 5-bromo-2-(trifluoromethyl)pyridine (67.8 mg, 0.3 mmol), 2y was obtained as
a yellow solid (31.1 mg, 64%). This target product was purified by column chromatography on
silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 8.1 (d, J = 2.8 Hz, 1H), 7.4 (d, J = 8.4 Hz, 1H), 7.03 — 6.98 (m,
1H), 4.07 (s, 2H). '3C NMR (101 MHz, CDCI3) 6 144.8, 137.8 (q, J = 34.9 Hz), 136.9, 122.2 (q,
J=273.3 Hz), 121.2 (q, J = 2.8 Hz), 120.5. '"F NMR (376 MHz, CDCl;) 6 -66.63.

0O

/

N
(2z) ethyl 5-aminonicotinate: Following the General Procedure A with ethyl 5-bromonicotinate
(69.0 mg, 0.3 mmol), 2z was obtained as a yellow solid (37.9 mg, 76%). This target product was
purified by column chromatography on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, CDCl3) 6 9.40 — 8.16 (m, 2H), 7.52 (s, 1H), 4.37 (q, J = 7.2 Hz, 2H), 3.86 (s,
2H), 1.38 (t, J = 7.2 Hz, 3H). '3C NMR (101 MHz, CDCl3) 6 166.1, 143.7, 140.8, 129.9, 121.6,
116.1, 61.3, 14.3. HRMS (ESI) m/z calcd for C19H26NO; (M+H)* 380.17038, found 380.17043.

FsC NH,

X

—

N

(2za) 5-(trifluoromethyl)pyridin-3-amine (CAS: 112110-07-3)*: Following the General
Procedure A with 3-bromo-5-(trifluoromethyl)pyridine (67.8 mg, 0.3 mmol), 2za was obtained as
a yellow solid (34.1 mg, 70%). This target product was purified by column chromatography on
silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 8.29 — 8.22 (m, 2H), 7.15 (t, J = 2.4 Hz, 1H), 3.99 (s, 2H). 3C NMR
(101 MHz, CDCl3) 6 142.3, 140.3 (q, J = 1.6 Hz), 136.1 (q, J = 4.3 Hz), 126.9 (q, J = 32.4 Hz),
123.6 (q, J = 273.5 Hz), 117.4 (q, J = 3.7 Hz). '°F NMR (376 MHz, CDCl;) 6 -62.73.

(2zb) methyl 6-aminonicotinate (CAS: 36052-24-1)16: Following the General Procedure A with
methyl 6-bromonicotinate (64.8 mg, 0.3 mmol), 2zb was obtained as a yellow solid (35.6 mg,
78%). This target product was purified by column chromatography on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, DMSO) 6 8.54 (s, 1H), 7.81 (dd, J = 8.8, 2.4 Hz, 1H), 6.82 (s, 2H), 6.47 (d,
J=8.8 Hz, 1H), 3.75 (s, 3H). '3C NMR (101 MHz, DMSO) 6 166.2, 163.1, 151.5, 138.0, 113.8,
107.7, 51.8.

HRMS (ESI) m/z calcd for C;HgN,O,(M+H)* 153.06585, found 153.06573.
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o NH2

_N

NC
(2zc) 6-aminonicotinonitrile (CAS: 4214-73-7)17: Following the General Procedure A with 6-
bromonicotinonitrile (54.9 mg, 0.3 mmol), 2z¢c was obtained as a yellow solid (21.1 mg, 59%).
This target product was purified by column chromatography on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, CDCl3) 6 8.36 (d, J = 1.6 Hz, 1H), 7.61 (dd, J = 8.4, 2.0 Hz, 1H), 6.50 (d, J
= 8.8 Hz, 1H), 5.04 (s, 2H). '3C NMR (101 MHz, CDCI3) 6 160.1, 153.12, 140.2, 118.1, 108.0,
98.5.

(2zd) 6-aminopicolinonitrile (CAS: 370556-44-8)'3: Following the General Procedure A with
6-bromopicolinonitrile (54.9 mg, 0.3 mmol), 2zd was obtained as a yellow solid (15.4 mg, 43%).
This target product was purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.53 — 7.46 (m, 1H), 7.03 (dd, J = 7.2, 0.8 Hz, 1H), 6.68 (dd, J =
8.4, 0.8 Hz, 1H), 4.85 (s, 2H). '3C NMR (101 MHz, CDCl3) 6 158.9, 138.2, 131.6, 119.0, 117.6,
112.8.

Me NH,

Me
(2ze) 2,6-dimethylpyridin-4-amine (CAS: 3512-80-9)'°: Following the General Procedure A
with 4-bromo-2,6-dimethylpyridine (55.8 mg, 0.3 mmol), 2ze was obtained as a yellow solid
(17.2mg, 47%). This target product was purified by column chromatography on silica gel (PE/EA
=2:1).
"H NMR (400 MHz, CDCl3) 6 6.24 (s, 2H), 3.98 (s, 2H), 2.39 (s, 6H). 3C NMR (101 MHz, CDCl5)
0 158.3, 153.4, 106.3, 24.4.

oo,

(3a) di-p-tolylamine (CAS: 620-93-9)2%: Following the General Procedure B with 1-bromo-4-
methylbenzene (51.3 mg, 0.3 mmol), 3a was obtained as a yellow solid (29.6 mg, 70%). This
target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.05 (d, J = 8.0 Hz, 4H), 6.96 — 6.91 (m, 4H), 5.48 (s, 1H), 2.28 (s,
6H). 3C NMR (101 MHz, CDCl3) 6 141.2, 130.2, 129.9, 117.9, 20.7.

(3b) bis(4-ethylphenyl)amine (CAS: 7268-62-4)21: Following the General Procedure B with 1-
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bromo-4-ethylbenzene (55.5 mg, 0.3 mmol), 3b was obtained as a yellow solid (19.3 mg, 57%).
This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.08 (d, J = 8.8 Hz, 4H), 7.01 — 6.94 (m, 4H), 5.52 (s, 1H), 2.59 (q,
J=7.6 Hz, 4H), 1.22 (t, J = 7.6 Hz, 6H). '3C NMR (101 MHz, CDCl3) 6 141.3, 136.7, 128.7,
117.9, 28.2, 15.9.

L,

(3c) bis(4-(tert-butyl)phenyl)amine (CAS: 4627-22-9)22: Following the General Procedure B
with 1-bromo-4-(tert-butyl)benzene (63.9 mg, 0.3 mmol), 3c was obtained as a yellow solid (30.1
mg, 76%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCI3) 6 7.29 — 7.24 (m, 4H), 7.02 — 6.97 (m, 4H), 5.55 (s, 1H), 1.30 (s,
18H). 13C NMR (101 MHz, CDCl;) 6 143.6, 141.0, 126.1, 117.4, 34.12, 31.5.

(3d) bis(4-isopropylphenyl)amine (CAS: 63451-41-2)2': Following the General Procedure B
with 1-bromo-4-isopropylbenzene (59.7 mg, 0.3 mmol), 3d was obtained as a yellow solid (28.9
mg, 76%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCl3) 6 7.11 (d, J = 8.4 Hz, 4H), 6.98 (d, J = 8.4 Hz, 4H), 5.53 (s, 1H),
2.91 — 2.78 (m, 2H), 1.23 (d, J = 6.8 Hz, 12H). 3C NMR (101 MHz, CDCl;) 6 141.4, 128.8,

127.2,117.8, 33.4, 24.2.
H
V©I N\QW

(3e) bis(4-cyclopropylphenyl)amine (CAS: 2722001-27-4)?2: Following the General
Procedure B with 1-bromo-4-cyclopropylbenzene (59.1 mg, 0.3 mmol), 3e was obtained as a
yellow solid (25.4 mg, 68%). This target product was purified by column chromatography on
silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 6.95 (q, J = 8.4 Hz, 8H), 5.50 (s, 1H), 1.89 — 1.78 (m, 2H), 0.97 —
0.82 (m, 4H), 0.68 — 0.54 (m, 4H). '3C NMR (101 MHz, CDCl3) 6 141.2, 136.2, 126.7, 117.9,
14.8, 8.6.

u

H
N

r

H
L
Cy Cy

(3f) bis(4-cyclohexylphenyl)amine (CAS: 163687-39-6)2%: Following the General Procedure
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B with 1-bromo-4-cyclohexylbenzene (71.8 mg, 0.3 mmol), 3f was obtained as a yellow solid
(27.0 mg, 54%). This target product was purified by column chromatography on silica gel (PE/EA
=5:1).

"H NMR (400 MHz, CDCI3) 6 7.09 (d, J = 8.4 Hz, 4H), 6.97 (d, J = 8.4 Hz, 4H), 5.53 (s, 1H),
2.50 - 2.37 (m, 2H), 1.90 — 1.79 (m, 8H), 1.77 — 1.69 (m, 2H), 1.44 — 1.32 (m, 8H), 1.29 — 1.18
(m, 2H). 3C NMR (101 MHz, CDCl5) 6 141.4, 140.7, 127.5, 117.8, 43.8, 34.7, 27.0, 26.2.

(3g) bis(4-octylphenyl)amine (CAS: 101-67-7)2°: Following the General Procedure B with 1-
bromo-4-octylbenzene (80.8 mg, 0.3 mmol), 3g was obtained as a yellow solid (33.1 mg, 56%).
This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCI3) 6 7.05 (d, J = 8.4 Hz, 4H), 6.96 (d, J = 8.4 Hz, 4H), 5.51 (s, 1H),
2.58 — 2.47 (m, 4H), 1.64 — 1.54 (m, 4H), 1.34 — 1.23 (m, 20H), 0.92 — 0.84 (m, 6H). 3C NMR
(101 MHz, CDCl;) 6 141.3, 135.4, 129.2, 117.8, 35.3, 31.9, 31.8, 29.6, 29.4, 29.3, 22.7, 14.2.

H
orey
PhO OPh

(3h) bis(4-phenoxyphenyl)amine (CAS: 18162-30-6)2°: Following the General Procedure B
with 1-bromo-4-phenoxybenzene (74.7 mg, 0.3 mmol), 3h was obtained as a yellow solid (29.7
mg, 56%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCl3) 6 7.34 — 7.27 (m, 4H), 7.07 — 6.93 (m, 14H), 5.55 (s, 1H). '3C NMR
(101 MHz, CDCl3) 6 158.3, 150.8, 139.7, 129.7, 122.6, 120.7, 119.3, 117.8.

MeO : : OMe

(3i) bis(4-methoxyphenyl)amine (CAS: 101-70-2)2°: Following the General Procedure B with
1-bromo-4-methoxybenzene (56.1 mg, 0.3 mmol), 3i was obtained as a yellow solid (16.5 mg,
48%). This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 6.94 (d, J = 8.8 Hz, 4H), 6.85 - 6.79 (m, 4H), 5.28 (s, 1H), 3.78 (s,
6H). 3C NMR (101 MHz, CDCl3) 6 154.3, 138.0, 119.6, 114.7, 55.7.

H
O
(3j) diphenylamine (CAS: 122-39-4)2%: Following the General Procedure B with bromobenzene

(47.1 mg, 0.3 mmol), 3j was obtained as a yellow solid (17.3 mg, 68%). This target product was
purified by column chromatography on silica gel (PE/EA = 5:1).

H
N
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"H NMR (400 MHz, CDCl3) 6 7.29 — 7.23 (m, 4H), 7.09 — 7.04 (m, 4H), 6.95 — 6.89 (m, 2H), 5.68
(s, TH). 3C NMR (101 MHz, CDCl3) 6 143.2, 129.4, 121.0, 117.8.

AT,

(3k) bis(4-fluorophenyl)amine (CAS: 330-91-6)2°: Following the General Procedure B with 1-
bromo-4-fluorobenzene (52.5 mg, 0.3 mmol), 3k was obtained as a yellow solid (25.2 mg, 82%).
This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 6.95 (d, J = 6.0 Hz, 8H), 5.46 (s, 1H). '3C NMR (101 MHz, CDCl5)
0 157.8 (d, J = 239.7 Hz), 139.8 (d, J = 2.4 Hz), 119.4 (d, J = 7.7 Hz), 116.0 (d, J = 22.5 Hz).
F NMR (376 MHz, CDClI3) 6 -122.63.

(31) bis(4-chlorophenyl)amine (CAS: 6962-04-5)2%: Following the General Procedure B with
1-bromo-4-chlorobenzene (57.4 mg, 0.3 mmol), 31 was obtained as a yellow solid (24.6 mg,
69%). This target product was purified by column chromatography on silica gel (PE/EA = 5:1).
"H NMR (400 MHz, CDCl3) 6 7.25 (d, J = 8.4 Hz, 4H), 6.99 (d, J = 8.8 Hz, 4H), 5.66 (s, 1H)."3C
NMR (101 MHz, CDCl3) 6 141.4, 129.4, 126.1, 119.1.
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(3m) 1,1'-(azanediylbis(4,1-phenylene))bis(ethan-1-one) (CAS: 20255-76-9)2°: Following the
General Procedure B with 1-(4-bromophenyl)ethan-1-one (59.7 mg, 0.3 mmol), 3m was
obtained as a yellow solid (15.6 mg, 41%). This target product was purified by column
chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCI3) 6 7.94 (d, J = 8.4 Hz, 4H), 7.16 (d, J = 8.4 Hz, 4H), 6.36 (s, 1H),
2.57 (s, 6H). 3C NMR (101 MHz, CDCl;) 6 196.4, 145.8, 131.0, 130.5, 117.0, 26.3.

MEO\H/Q @(OMe

0] )

(3n) dimethyl 4,4'-azanediyldibenzoate (CAS: 17104-81-3)2%: Following the General
Procedure B with methyl 4-bromobenzoate (64.5 mg, 0.3 mmol), 3n was obtained as a yellow
solid (34.7 mg, 81%). This target product was purified by column chromatography on silica gel
(PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.4 Hz, 4H), 7.13 (d, J = 8.8 Hz, 4H), 6.44 (s, 1H),
3.89 (s, 6H). 3C NMR (101 MHz, CDCl;) 6 166.8, 145.9, 131.5, 123.1, 116.9, 51.9.
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(30) diethyl 4,4'-azanediyldibenzoate (CAS: 53884-32-5)23: Following the General Procedure
B with ethyl 4-bromobenzoate (68.7 mg, 0.3 mmol), 30 was obtained as a yellow solid (33.8 mg,
72%). This target product was purified by column chromatography on silica gel (PE/EA = 5:1).
"H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.8 Hz, 4H), 7.13 (d, J = 8.4 Hz, 4H), 6.44 (s, 1H),
4.36 (q, J = 7.2 Hz, 4H), 1.38 (t, J = 7.2 Hz, 6H). '3C NMR (101 MHz, CDCl;) 6 166.3, 145.8,
131.4,123.4, 116.9, 60.7, 14 .4.

H
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(3p) di-tert-butyl 4,4'-azanediyldibenzoate (CAS: 386218-10-6): Following the General
Procedure B with tert-butyl 4-bromobenzoate (77.1 mg, 0.3 mmol), 3p was obtained as a yellow
solid (38.8 mg, 70%). This target product was purified by column chromatography on silica gel
(PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 8.8 Hz, 4H), 7.10 (d, J = 8.4 Hz, 4H), 6.40 (s, 1H),
1.59 (s, 18H). 3C NMR (101 MHz, CDCl3) 6 165.5, 145.6, 131.24, 124.9, 116.7, 80.6, 28.3.

H
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(3q) bis(4-(methylsulfonyl)phenyl)amine (CAS: 1140964-63-1): Following the General
Procedure B with 1-bromo-4-(methylsulfonyl)benzene (70.5 mg, 0.3 mmol), 3q was obtained as
a yellow solid (28.8 mg, 59%). This target product was purified by column chromatography on
silica gel (PE/EA = 5:1).
"H NMR (400 MHz, DMSO) 6 9.45 (s, 1H), 7.82 (d, J = 8.8 Hz, 4H), 7.35 (d, J = 8.8 Hz, 4H),
3.16 (s, 6H). 3C NMR (101 MHz, DMSO) 6 146.9, 132.4, 129.4, 117.3, 44.5. HRMS (ESD) m/z
calcd for C14H15NO4S, (M+H)* 326.05153, found 326.05096.

(3r) 4,4'-azanediyldibenzonitrile (CAS: 36602-05-8)2°: Following the General Procedure B
with 4-bromobenzonitrile (54.6 mg, 0.3 mmol), 3r was obtained as a yellow solid (16.8 mg, 51%).
This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, DMSO) 6 9.45 (s, 1H), 7.71 (d, J = 8.8 Hz, 4H), 7.27 (d, J = 8.8 Hz, 4H). '3C
NMR (101 MHz, DMSO) 6 146.2, 134.3, 119.9, 117.8, 102.6.

oC
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(3s) bis(4-vinylphenyl)amine (CAS: 852360-34-0): Following the General Procedure B with 1-
bromo-4-vinylbenzene (54.9 mg, 0.3 mmol), 3s was obtained as a yellow solid (14.3 mg, 43%).
This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.33 (d, J = 8.4 Hz, 4H), 7.02 (d, J = 8.4 Hz, 4H), 6.66 (dd, J =
17.6, 10.8 Hz, 2H), 5.80 (s, 1H), 5.62 (d, J = 17.6 Hz, 2H), 5.12 (d, J = 11.2 Hz, 2H). 3C NMR
(101 MHz, CDCI3) 6 142.5, 136.3, 130.7, 127.3, 117.7, 111.4.

(3t) di-m-tolylamine (CAS: 626-13-1)22: Following the General Procedure B with 1-bromo-3-
methylbenzene (51.3 mg, 0.3 mmol), 3t was obtained as a yellow solid (18.6 mg, 63%). This
target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.18 — 7.10 (m, 2H), 6.91 — 6.84 (m, 4H), 6.74 (d, J = 7.6 Hz, 2H),
5.59 (s, 1H), 2.30 (s, 6H). 3C NMR (101 MHz, CDCI3) 6 143.2, 139.2, 129.2, 121.8, 118.6,
115.0, 21.6.
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(3u) bis(3-methoxyphenyl)amine (CAS: 92248-06-1)22: Following the General Procedure B
with 1-bromo-3-methoxybenzene (56.1 mg, 0.3 mmol), 3u was obtained as a yellow solid (21.3
mg, 62%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCl3) 6 7.16 (t, J = 8.0 Hz, 2H), 6.70 — 6.62 (m, 4H), 6.52 — 6.45 (m, 2H),
5.72 (s, 1H), 3.77 (s, 6H). '3C NMR (101 MHz, CDCl;) 6 160.7, 144.3, 130.1, 110.7, 106.5,

103.8, 55.2.
o) ’ o)
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(3v) dimethyl 3,3'-azanediyldibenzoate (CAS: 1359968-14-1)?4: Following the General
Procedure B with methyl 3-bromobenzoate (64.5 mg, 0.3 mmol), 3v was obtained as a yellow
solid (24.0 mg, 56%). This target product was purified by column chromatography on silica gel
(PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.72 (s, 2H), 7.62 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 8.0 Hz, 2H), 7.31
—7.27 (m, 2H), 5.99 (s, 1H), 3.91 (s, 6H). '3C NMR (101 MHz, CDCIs) 6 167.0, 142.9, 131.5,
129.5, 122.5, 122.0, 118.9, 52.2.
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(3w) diethyl 3,3'-azanediyldibenzoate: Following the General Procedure B with ethyl 3-
bromobenzoate (68.7 mg, 0.3 mmol), 3w was obtained as a yellow solid (21.2 mg, 45%). This
target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.75 - 7.71 (m, 2H), 7.66 — 7.59 (m, 2H), 7.34 (t, J = 8.0 Hz, 2H),
7.30 — 7.26 (m, 2H), 5.99 (s, 1H), 4.37 (q, J = 7.2 Hz, 4H), 1.38 (t, J = 7.2 Hz, 6H). '3C NMR
(101 MHz, CDCl3) 6 166.5, 142.9, 131.9, 129.4, 122.5, 121.8, 118.9, 61.1, 14.3. HRMS (ESD)
m/z calcd for C41gH1gNO, (M+H)* 314.13868, found 314.13803.

o

Me Me

(3x) bis(3,5-dimethylphenyl)amine (CAS: 5369-25-5)22: Following the General Procedure B
with 1-bromo-3,5-dimethylbenzene (55.5 mg, 0.3 mmol), 3x was obtained as a yellow solid (24.6
mg, 73%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCl3) 6 6.68 (s, 4H), 6.57 (s, 2H), 5.49 (s, 1H), 2.26 (s, 12H). 3C NMR
(101 MHz, CDCl3) 6 143.3, 139.0, 122.7, 115.8, 21.5.
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(3y) dimethyl 5,5'-azanediylbis(2-methylbenzoate): Following the General Procedure B with
methyl 5-bromo-2-methylbenzoate (68.7 mg, 0.3 mmol), 3y was obtained as a yellow solid (20.7
mg, 44%). This target product was purified by column chromatography on silica gel (PE/EA =
5:1).

"H NMR (400 MHz, CDCl3) 6 7.56 (d, J = 2.4 Hz, 2H), 7.17 — 7.06 (m, 4H), 5.68 (s, 1H), 3.87 (s,
6H), 2.52 (s, 6H). '3C NMR (101 MHz, CDCl;) 6 167.9, 140.9, 132.6, 130.4, 121.4, 120.0, 51.9,
20.9. HRMS (ESI> m/z calcd for C1gH19gNO,4 (M+H)* 314.13868, found 314.13803.

H
N

H
F3C:©N©iCF3

Me Me

(3z) bis(4-methyl-3-(trifluoromethyl)phenyl)amine (CAS: 2732894-05-0): Following the
General Procedure B with 4-bromo-1-methyl-2-(trifluoromethyl)benzene (71.7 mg, 0.3 mmol),
3z was obtained as a yellow solid (31.0 mg, 62%). This target product was purified by column
chromatography on silica gel (PE/EA = 5:1).
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"H NMR (400 MHz, CDCl3) 6 7.25 (d, J = 2.4 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 7.11 - 7.06 (dm,
2H), 5.70 (s, 1H), 2.41 (s, 6H). '3C NMR (101 MHz, CDCl;) 6 140.7, 133.0, 129.9 (q, J = 29.9
Hz), 129.1 (d, J = 1.7 Hz), 124.3 (q, J = 274.8 Hz) 120.6, 115.5 (q, J = 5.8 Hz), 18.5 (d, J = 2.0
Hz).
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(3za) bis(4-chloro-3-methylphenyl)amine: Following the General Procedure B with 4-bromo-
1-chloro-2-methylbenzene (61.7 mg, 0.3 mmol), 3za was obtained as a yellow solid (26.8 mg,
67%). This target product was purified by column chromatography on silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCl3) 6 7.20 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 2.4 Hz, 2H), 6.80 (dd, J = 8.4,
2.4 Hz, 2H), 5.52 (s, 1H), 2.32 (s, 6H). '3C NMR (101 MHz, CDCl3) 6 141.6, 137.0, 129.7, 126.3,

120.3, 116.7, 20.3.
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(3zb) bis(benzo[d][1,3]dioxol-5-yl)Jamine (CAS: 941689-87-8)24: Following the General
Procedure B with 5-bromobenzo[d][1,3]dioxole (60.3 mg, 0.3 mmol), 3zb was obtained as a
yellow solid (16.2 mg, 42%). This target product was purified by column chromatography on
silica gel (PE/EA = 5:1).

"H NMR (400 MHz, CDCls) 66.70 (d, J = 8.4 Hz, 2H), 6.57 (d, J = 2.4 Hz, 2H), 6.42 (dd, J = 8.4,
2.4 Hz, 2H), 5.91 (s, 4H), 5.31 (s, 1H). '3C NMR (101 MHz, CDCl3) 6 148.3, 142.2, 139.1, 110.9,
108.6, 100.99, 100.95. HRMS (ESI) m/z calcd for Cq4H44NO, (M+H)* 252.07608, found
252.07556.
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(3zc) di(benzofuran-5-yl)amine (CAS: 2254556-98-2): Following the General Procedure B
with 5-bromobenzofuran (59.1 mg, 0.3 mmol), 3zc was obtained as a yellow solid (21.3 mg,
57%). This target product was purified by column chromatography on silica gel (PE/EA = 5:1).
"H NMR (400 MHz, CDCl3) 6 7.58 (d, J = 2.0 Hz, 2H), 7.40 (d, J= 8.8 Hz, 2H), 7.24 (d, J= 2.4
Hz, 2H), 7.00 (dd, J = 8.8, 2.0 Hz, 2H), 6.66 (d, J = 1.2 Hz, 2H), 5.58 (s, 1H). 13C NMR (101
MHz, CDCI3) 6 150.7, 145.6, 140.2, 128.3, 117.0, 111.9, 109.8, 106.5.

(4a) 4-amino-N-((1R,4R)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-1-yl)-N-
methylbenzamide: Following the General Procedure A with 4-bromo-N-((1R,4R)-4-(3,4-
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dichlorophenyl)-1,2,3,4-tetrahydronaphthalen-1-yl)-N-methylbenzamide (146.8 mg, 0.3 mmol),
4a was obtained as a yellow solid (90.2 mg, 71%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.43 — 7.27 (m, 5H), 7.23 — 7.14 (m, 1H), 7.08 (d, J = 2.0 Hz, 1H),
6.96 (d, J=7.6 Hz, 1H), 6.90 — 6.73 (m, 1H), 6.70 — 6.58 (m, 2H), 6.09 — 5.00 (m, 1H), 4.26 —
4.11 (m, 1H), 3.94 (s, 2H), 2.80 (d, J = 14.0 Hz, 3H), 2.40 — 1.71 (m, 4H). "3C NMR (101 MHz,
CDCl3) 6 173.2, 172.7, 148.1, 147.0, 146.8, 138.2, 137.7, 136.1, 132.2, 130.9, 130.7, 130.5,
130.0, 129.2, 128.1, 127.9, 127.6, 127.4, 127.2, 126.5, 125.6, 114.3, 114.0, 58.7, 52.9, 43.0,
42,7, 33.3, 23.0, 29.1, 224, 20.9, 14.1. HRMS (ESI) m/z calcd for Cy4H23CI,N,O
(M+H)*425.11820, found 425.11873.
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(4b) methyl (R)-2-(4-aminobenzamido)-2-phenylacetate: Following the General Procedure A
with methyl (R)-2-(4-bromobenzamido)-2-phenylacetate (104.5 mg, 0.3 mmol), 4b was obtained
as a yellow solid (34.1 mg, 40%). This target product was purified by column chromatography
on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCI3) 6 7.65 — 7.59 (m, 2H), 7.44 — 7.39 (m, 2H), 7.37 — 7.30 (m, 3H), 7.01
(d, J=6.8 Hz, 1H), 6.62 — 6.58 (m, 2H), 5.74 (d, J = 6.8 Hz, 1H), 4.06 (s, 2H), 3.73 (s, 3H). '3C
NMR (101 MHz, CDCl3) 6 171.7, 166.3, 150.1, 136.8, 128.88, 128.86, 128.4, 127.3, 122.7,
113.9, 56.6, 52.7. HRMS (ESI) m/z calcd for C4gH{7N,O3 (M+H)* 285.12337, found

285.12361.
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(4c) ((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4",5"-
d]pyran-5-yl)methyl 4-aminobenzoate: Following the General Procedure A with
((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-
yl)methyl 4-bromobenzoate (133.0 mg, 0.3 mmol), 4c was obtained as a yellow solid (39.8 mg,
35%). This target product was purified by column chromatography on silica gel (PE/EA = 2:1).
"H NMR (400 MHz, CDCl3) 6 7.85 —7.80 (m, 2H), 6.62 — 6.56 (m, 2H), 5.54 (d, J = 4.8 Hz, 1H),
4.62 (dd, J = 8.0, 2.4 Hz, 1H), 4.46 (dd, J = 11.2, 4.8 Hz, 1H), 4.38 — 4.27 (m, 3H), 4.17 — 4.07
(m, 3H), 1.49 (s, 3H), 1.45 (s, 3H), 1.33 (s, 3H), 1.31 (s, 3H). '3C NMR (101 MHz, CDCl;) 6
166.4, 151.0, 131.7, 119.3, 113.6, 109.5, 108.7, 96.2, 71.1, 70.6, 70.49, 66.2, 63.2, 26.0, 25.9,
24.9, 24.4. HRMS (ESI) m/z calcd for C4gH26NO; (M+H)* 380.17038, found 380.17043.
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(4d) (8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9,10,
11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl4-aminobenzoate
(CAS: 22575-25-3)25: Following the General Procedure A with (8S,9S,10R,13R,14S,17R)-
10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren -3-yl 4-bromobenzoate (170.9 mg, 0.3 mmol), 4d
was obtained as a yellow solid (95.5 mg, 63%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCI3) 6 7.90 — 7.81 (m, 2H), 6.67 — 6.59 (m, 2H), 5.43 — 5.38 (m, 1H), 4.85
—4.75 (m, 1H), 4.03 (s, 2H), 2.48 — 2.39 (m, 2H), 2.04 - 1.93 (m, 3H), 1.93 - 1.86 (m, 1H), 1.86
—1.78 (m, 1H), 1.76 — 1.67 (m, 1H), 1.66 — 1.58 (m, 2H), 1.58 — 1.54 (m, 1H), 1.54 — 1.49 (m,
2H), 1.46 — 1.41 (m, 1H), 1.40 — 1.30 (m, 3H), 1.29 — 1.23 (m, 2H), 1.22 — 1.08 (m, 6H), 1.06 (s,
3H), 1.04 - 0.96 (m, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.87 (dd, J = 6.4, 1.6 Hz, 6H), 0.69 (s, 3H).
13C NMR (101 MHz, CDCI3) 6 166.1, 150.6, 139.9, 131.6, 122.6, 120.5, 113.8, 73.9, 56.7, 56.2,
50.1, 42.3, 39.8, 39.5, 38.4, 37.1, 36.7, 36.2, 35.8, 32.0, 31.9, 28.3, 28.03, 27.99, 24.3, 23.9,
22.8,22.6,21.1,19.4,18.7, 11.9. HRMS (APCI) m/z calcd for C34H5/NO, (M+H)* 506.39926,

found 506.39862.
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(4e) ((3aR,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4",5"-
d]pyran-5-yl)methyl 4-((4-((((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4', 5'-d]pyran-5-yl)methoxy)carbonyl)phenyl)amino)benzoate:
Following the General Procedure B with ((3aS,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)methyl 4-bromobenzoate (133.0 mg, 0.3 mmol), 4e was
obtained as a yellow solid (49.0 mg, 44%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 4H), 7.13 (d, J = 8.8 Hz, 4H), 6.67 (s, 1H),
5.57 (d, J=4.8 Hz, 2H), 4.66 (dd, J= 7.6, 2.4 Hz, 2H), 4.53 (d, J=4.8 Hz, 1H), 4.50 (d, J=4.8
Hz, 1H), 4.42 (d, J = 7.6 Hz, 1H), 4.40 (d, J = 7.6 Hz, 1H), 4.37 — 4.33 (m, 3H), 4.32 (d, J= 2.0
Hz, 1H), 4.22 — 4.16 (m, 2H), 1.50 (d, J = 18.4 Hz, 12H), 1.35 (d, J = 9.6 Hz, 12H). 3C NMR
(101 MHz, CDCl;) 6 166.1, 146.0, 131.6, 122.8, 116.9, 109.7, 108.8, 96.3, 71.2, 70.7, 70.6,
66.3, 63.7, 26.1, 26.0, 25.0, 24.5. HRMS (APCI) m/z calcd for C4oH39NOg (M-H)- 740.29238,
found 740.29297.
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(4f) (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-((4-((((1S,2R,5S)-2-isopropyl-5-
methylcyclohexyl) oxy)carbonyl)phenyl)amino)benzoate: Following the General Procedure
B with (1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 4-bromobenzoate (101.8 mg, 0.3 mmol), 4f
was obtained as a yellow solid (55.2 mg, 69%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.4 Hz, 4H), 7.14 (d, J = 8.4 Hz, 4H), 6.55 (s, 1H),
4.91 (td, J = 10.8, 4.4 Hz, 2H), 2.16 — 2.07 (m, 2H), 2.01 — 1.91 (m, 2H), 1.72 (d, J = 11.2 Hz,
4H), 1.60 — 1.48 (m, 4H), 1.19 — 1.04 (m, 4H), 0.98 — 0.86 (m, 14H), 0.80 (d, J = 7.2 Hz, 6H).
13C NMR (101 MHz, CDCIl;) 6 165.8, 145.8, 131.4, 123.7, 116.9, 74.5, 47.3, 41.1, 34.4, 31.5,
26.6, 23.7, 22.1, 20.8, 16.6. HRMS (APCI) m/z calcd for C34H47NO,4 (M-H) 532.34323, found
532.34344.

V%Q wav

(49) diethyl 2,2'-((azanediylbis(4,1-phenylene))bis(oxy))bis(2-methylpropanoate):
Following the General Procedure B with ethyl 2-(4-bromophenoxy)-2-methylpropanoate (86.1
mg, 0.3 mmol), 4g was obtained as a yellow solid (21.3 mg, 33%). This target product was
purified by column chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 6.90 — 6.85 (m, 4H), 6.82 — 6.77 (m, 4H), 5.40 (s, 1H), 4.24 (q, J
=7.2Hz, 4H), 1.55 (s, 12H), 1.28 (t, J = 7.2 Hz, 6H). "3C NMR (101 MHz, CDCl;) 6 174.4, 149.4,
139.0, 121.4, 118.6, 79.6, 61.3, 25.3, 14.1. HRMS (APCI) m/z calcd for Cy4H31NOg (M+H)*
430.22241, found 430.22192.

(4h) 4-((4-((((R)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoyl)oxy)methyl)phenyl)amino)
benzyl (S)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate: Following the General Procedure B
with 4-bromobenzyl (S)-2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoate (124.0 mg, 0.3 mmol), 4h
was obtained as a yellow solid (35.8 mg, 35%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCl3) 6 7.55 - 7.49 (m, 4H), 7.45 - 7.39 (m, 4H), 7.39 — 7.32 (m, 4H), 7.20
—7.07 (m, 8H), 7.03 — 6.97 (m, 4H), 5.77 (s, 1H), 5.06 (d, J = 23.2, 12.0 Hz, 4H), 3.78 (q, J =
7.2 Hz, 2H), 1.54 (d, J = 7.2 Hz, 6H). '3C NMR (101 MHz, CDCl;) 6 173.9, 159.7 (d, J = 248.3
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Hz), 142.9, 141.8 (d, J = 7.7 Hz), 135.5, 130.8 (d, J = 3.9 Hz), 129.8, 129.0 (d, J = 2.9 Hz),
128.5, 128.3, 127.8 (d, J = 13.6 Hz), 127.7, 123.6 (d, J = 3.3 Hz), 117.6, 115.3 (d, J = 23.7 Hz),
66.7, 45.1, 18.4. HRMS (APCI m/z calcd for Cy4H37F.NO, (M+H)* 682.27634, found
682.27539.

H
N

Y™ S DS
MeO © © OMe

(4i) 4-((4-((((R)-2-(6-methoxynaphthalen-2-yl)propanoyl)oxy)methyl)phenyl)amino)benzyl
(S)-2-(6-methoxynaphthalen-2-yl)propanoate: Following the General Procedure B with 4-
bromobenzyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate (119.8 mg, 0.3 mmol), 4i was
obtained as a yellow solid (41.2 mg, 42%). This target product was purified by column
chromatography on silica gel (PE/EA = 2:1).

"H NMR (400 MHz, CDCI3) 6 7.70 — 7.61 (m, 6H), 7.41 —7.36 (m, 2H), 7.17 — 7.08 (m, 8H), 6.99
—6.89 (m, 4H), 5.74 (s, 1H), 5.04 (dd, J = 28.8, 12.4 Hz, 4H), 3.89 (s, 6H), 1.58 (d, J = 7.2 Hz,
6H). 3C NMR (101 MHz, CDCl;) 6 174.6, 157.6, 142.8, 135.7, 133.7, 129.7, 129.3, 128.9, 128.5,
127.1, 126.3, 126.0, 119.0, 117.6, 105.6, 66.5, 55.3, 45.5, 18.6. HRMS (APCI) m/z calcd for
C42H39NOg (M+H)* 654.28501, found 654.28418.
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9. Computational methods and details

9.1 Computational Methods

All calculations were carried out by using the Gaussian 16 suite of computational programs?%. The obtained
transition states were fully optimized at the DFT level using the B3LYP[?7-D3(BJ) functional, which has been
found reliable in calculating the configuration and energy barrier of the organic system.?¢ The standard
Def2SVP basis set?® was applied for all atom.3° Frequencies were analytically computed at the same level of
theory to get the thermodynamic corrections and to confirm whether the structures are the corresponding
transition states (only one imaginary frequency). All energies were reported in kcal/mol. The most stabilized
conformation was reported herein, when several different conformations were obtained. Visualization was
completed using CLYview20 software.3’

9.2 Reductive Elimination Energy Barrier from Ni'" and Ni'"

[ [
N N3 N -N
7N AAGE = 39.8 kealimol 7N
/ >~ VAR
Z>N N\
S | ~ |
Ni' Ni'-TS
& &
B
N BTN, AAGE =127 keal/mol N F N3
. 1
Nl”l - NI ~ /I
= N/ A\
S~ ~
NTLL Ni'-Ts
[ [
N N3 N, AAGE = 15.3 keal/mol N Ns __Ng
/Ni'” /Ni'\”\ ;
Z N N
Ni"-N; Ni"-N5-TS
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10. Cartesian coordinates and energies of calculated structures

Ni'-TS

Zero-point correction= 0.262091
Thermal correction to Energy= 0.280111
Thermal correction to Enthalpy= 0.281055

Thermal correction to Gibbs Free Energy= 0.214887

Sum of electronic and thermal Free Energies= -2398.625504

OO0OO0OO0OZIITIITOOIOZOOIIIIZOOOOON

-1.73006400
-2.26642000
-1.40972300
-0.02531800
0.44361400
-0.38199200
-1.80916300
-3.34493600
0.68274600
1.51086700
-2.51602200
-3.89146700
-1.78338200
-4.52446300
-4.45222000
-2.40035700
-3.76115500
-5.59416600
-1.76261800
-4.21809700
0.14587600
2.06678300
2.82519400
2.45416000
3.81167900

1.45484300
2.74646000
3.83238200
3.60159000
2.29874200
1.24152300
4.84600600
2.89581500
4.42270300
2.07003400
0.22897000
0.11829900
-0.84823400
-1.10654600
0.98368000
-2.03265900
-2.20778500
-1.21075200
-2.85971600
-3.18500400
-0.55564100
-0.70532300
-0.28477200
-0.23084600
0.67680800
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0.14410500
0.23696100
0.38819500
0.42996300
0.31907200
0.19808600
0.46038600
0.16970600
0.55372200
0.34427500
-0.01865400
0.23193400
-0.42855400
0.04765400
0.58777900
-0.58875800
-0.37390800
0.24009300
-0.91246500
-0.53896300
-0.25029100
-0.13572300
1.00091900
-1.42695100
0.85112100



H 2.59288600 -0.69511500 1.98622300
C 3.43486800 0.75125100 -1.54012400
H 1.97841900 -0.65302400 -2.31416100
C 4.11728800 1.22406700 -0.41164200
H 4.35917700 1.01727100 1.73457900
H 3.69082500 1.13685400 -2.53099600
H 4.89951400 1.97874600 -0.51120300
N 1.31477600 -2.05076400 -0.16092300
N 1.55557700 -2.87062400 0.72089700
N 1.81082900 -3.66939200 1.50109400
Ni''-Br-TS

Zero-point correction= 0.276043
Thermal correction to Energy= 0.298145
Thermal correction to Enthalpy= 0.299089
Thermal correction to Gibbs Free Energy= 0.221383

-2562.727774

Sum of electronic and thermal Free Energies=
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C -2.16513900 -0.79696100 0.38000000
C -3.54832100 -0.99780700 0.30700000
C -4.40568400 0.06870300 0.57597600
C -3.86294300 1.30668000 0.92169100
C -2.47473400 1.43172100 0.96973100
N -1.65449200 0.41312000 0.69483500
H -3.95338900 -1.97594100 0.04981500
H -4.49541900 2.16631700 1.14691200
H -2.00480400 2.38088600 1.23181900
C -1.16390400 -1.86782300 0.15455500
C -1.48521600 -3.18102500 -0.20814800
N 0.11503200 -1.49580700 0.34454000
C -0.45315500 -4.10506300 -0.37266700
H -2.52125100 -3.48148400 -0.36204900
C 1.10815600 -2.37467100 0.20057600
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-

Ni"-N5-TS

0.86590000
2.10929400
1.69900100
0.42887200
0.75121100
-0.28022700
2.08006100
0.01254700
-1.30140500
2.35114400
2.87093000
1.32231600
-0.79352900
3.38144800
0.62584200
1.54491700
-5.48756200
-0.68037800
-0.25109200
-1.05848600
2.32211500

-3.70009100
-1.98579300
-4.39551100
0.50488500
0.88489100
0.77066000
0.59672400
0.25827500
1.06421900
0.08057200
0.75587800
-0.09873400
0.14208800
-0.17196300
2.37225100
-0.49440200
-0.06960700
-5.13398300
3.09882300
3.80844200
0.28652600

Zero-point correction= 0.263870 (Hartree/Particle)
Thermal correction to Energy= 0.284463
Thermal correction to Enthalpy= 0.285408

Thermal correction to Gibbs Free Energy= 0.211311

-0.16216000
0.40677300
-0.27484700
0.63492500
-1.28751600
-2.22561700
-1.62729500
-3.49343900
-1.97493100
-2.89593900
-0.89261400
-3.82999400
-4.22283000
-3.16013600
-0.06342300
-4.82335400
0.52149000
-0.65974800
-0.47989300
-0.88787800
2.10108600

Sum of electronic and thermal Free Energies= -4972.570786

Zz0000PC

-1.92163500
-3.18038200
-4.30775700
-4.15389100
-2.86951800
-1.78666100

-1.19716700
-1.65034500
-0.88044100

0.31986000
0.70621100
-0.02620000
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-0.24213400
-0.65561900
-0.37376200

0.32159200
0.70144500
0.41816900
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-3.28201200
-5.00802700
-2.70166100
-0.66273200
-0.58807700
0.44152100
0.65341200
-1.48167500
1.63398900
1.78531700
2.48987800
2.77490300
0.16526500
0.93324800
0.28871800
2.33007400
1.06299000
-0.80153300
3.08626000
2.80065200
2.45996400
0.56574800
4.17695900
0.06208600
3.05861600
-5.29669900
0.73292600
1.35019300
2.09624200
2.83249300
-0.80736100
-1.61070900

-2.59665000
0.95204800
1.63598400

-1.94617500

-3.14278700

-1.38782200

-3.75853900

-3.58846500

-1.96676600

-3.16291500

-1.46202700

-3.61028100
0.41590400
1.48899000
1.52154900
1.56092000
1.52425500
1.52705600
1.556849500
1.60221900
1.53192500
1.52178900
1.58950800
2.42583700
1.53844900

-1.21852700

-4.69370500
0.17955400

-0.74018600

-1.61157600
3.10888400
3.78220600

41

-1.18569300
0.56785300
1.24692900

-0.47278500

-1.19401400
0.06254900

-1.35566600

-1.62984500

-0.09762700

-0.79995200
0.35140300

-0.90145200
0.99407900

-0.47560100
-1.71740900
-0.37907400
-2.88147000
-1.78068700
-1.55285900
0.60427900
-2.80589700
-3.85512600
-1.48561600
0.95995100
-3.71931200

-0.69026200

-1.91389400
2.52760600
2.72245900
2.92251900
0.46102900

-0.01111000
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