Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2022

Supporting Information for:

Nickel(l)-catalyzed (de)hydrogenative coupling of amines and alkyl

heteroarenes with alcohols

Chunyan Zhang,? Qiangian Liang,>¢ Wei Yang,? Guohui Zhang,? Maolin Hu** Guoying Zhang*?

a State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences,
Taiyuan, Shanxi 030001, P. R. China.

b College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou 325035, P. R. China.
¢ University of Chinese Academy of Sciences, Beijing 100049, P. R. China.

E-mail: zhanggy@sxicc.ac.cn.

.H2
' alkyl- . 2P e
i " HN—R i heteroarenes £ ool
- S~ ~ 27
R 3 R” “OH % S S
H Y To

¥ solvent free
¥ cationic Ni(l) complex
¥ olefination (> 17 gram)

¥ N-alkylation (TON > 7000)




8.

9.

CONTENTS

General experimental details and materials
Optimization of the reaction conditions

General procedure for Ni-catalyzed N-alkylation
Characterization data

Synthesis of [Ni-N4]Br

Gram scale experiments and tandem experiments
Control experiments

Mechanism study experiments

References

10. Copies for NMR of the products



1. General experiment details and materials

Experimental: All reactions and manipulations with air sensitive compounds being
present were performed under dry argon (Ar) or nitrogen (N2), using Schlenk and
glove box techniques. Deuterated solvents were bought from Cambridge Isotope
Laboratories, distilled accordingly, and stored over molecular sieves (3 A). Other
chemicals were purchased from commercial vendors and used without further
purification. NMR spectra were collected on a Varian INOVA 300 MHz spectrometer.
Chemical shifts (o) are reported in ppm relative to residual solvent signal. Coupling
constants (J) are given in Hz (coupling patterns: s: singlet, br: broad singlet, d: doublet,
t: triplet, g: quartet, m: multiplet). GC analyses were carried out using an Agilent
Technologies 6890N system equipped with a Machinery-Nagel (MN) Optima 5 HT
column (30 m, 320 pm, 0.25 pm) or an Agilent Technologies 6850 system equipped
with a MN Optima 17 column (30 m, 320 pm, 0.25 pm). GC/MS analyses were carried
out on an Agilent 7890A/MSD 5975C system equipped with a HP-5MS column (30 m,
320 pm, 0.25 pm). Gas mixtures were analyzed using an Agilent Technologies 6890N
equipped with a TCD and an Agilent special plot and molsieve capillary column (30 m,
320 pm, 0.25 pm). Elemental analyses were performed using the Elementar Vario EL
I11. MN silica gel 60 (0.040 — 0.063 mm particle size) was used for flash column
chromatography. High resolution mass spectra (HRMS) were recorded on Bruker

MicroTOF-QII mass instrument (ESI).



2. Optimization of the reaction conditions

2.1 Optimization of the Ni-catalyzed N-alkylation of amines by alcohols

Ni-cat. (1 mol%) Ph
“SoH + HN—Ph > P N7

L (2.2 mol%)

Ph

1a 2a 3aa

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (38 mL volume)
was charged with a magnetic stirring bar, [Ni] (0.02 mmol), base, 1a and 2a. Then the
Schlenk tube was closed tightly with a teflon cap, removed from the glove box. The
Schlenk tube was immersed into a pre-heated metal bath (design temperature). After
design time the reaction was cooled and quenched with ethyl acetate, a small aliquot of
the organic phase was analyzed by GC or GC-MS to monitor product formation. The
3aa yield was determined by GC analysis relative to the 2a with n-hexadecane as
internal standard. After evaporation of the solvents under reduced pressure, the residue
was directly loaded onto a silica gel column (petroleum ether/ethyl acetate = 20/1) to

afford the corresponding product 3aa in the reported yield.

Entry Parameter
Table S1 The difference of Ni-catalyst screening
Table S2 The difference of ligand screening
Table S3 The difference of base screening
Table S4 The loading of base screening
Table S5 The ratio of substrate screening
Table S6 Reaction temperature screening
Table S7 Reaction time screening
Table S8 The loading of Ni-catalyst screening
Table S9 Reaction system screening




Table S1: The difference of Ni-catalyst screeningt

Ni-cat. (1 mol%)
Ph”” NOH + H,;N—Ph > ph” N7

L (2.2 mol%)

Ph

1a 2a

3aa
Entry Ni-catalyst 3aa (%)
1 - 0
2 NiCl2 10
3 NiBr: 12
4 Nil 8
5 NiCl2(DME) 31
6 NiBr2(DME) 95
7 Ni203 0
8 [NiCl(allyl)] 2 31
9 Li>NiBrs 20
10 Ni(acac)2 28
11 Ni(cod) 21
12 Ni(PPha)a 22
13 Ni(PPhs).Cl> 23
14 Ni(DPPM)CI; 32
15 Ni(DPPB)CI, 10
16 Ni(DPPP)CI, 24
17 Ni(DPPB)CI; 36
18 Ni(DPPH)CI, 21
19 Ni(PCys).Cl2 12
20 [Ni-N4]Br 96

8] Reaction conditions: [Ni] (0.02 mmol), L3 (0.04 mmol), t-BuOK (2.0 mmol), la
(4.0 mmol), 2a (2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis

using n-hexadecane (100 pL) as internal standard.



Table S2: The difference of ligand screening

Ni-cat. (1 mol%)
Ph”” NOH + H,;N—Ph > ph” N7

L (2.2 mol%)

Ph

1a 2a 3aa

Entry Ligand 3aa (%)
1 L1 83
2 L2 78
3 L3 95
4 L4 82
5 L5 74
6 L6 <5
7 L7 <5
8 L8 <5
9 L9 <5
10 L10 <5
11 L11 26
12 1,10-phenanthroline 34
13 - 0
14 [Ni-N4]Br 96

8] Reaction conditions: NiBrz(DME) (0.02 mmol), Ligand (0.04 mmol), t-BuOK (x
mmol), 1a (4.0 mmol), 2a (2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by

GC-analysis using n-hexadecane (100 pL) as internal standard.

R Ph Ph
\ \ \
N—N N—N N—N
~_N N l Q N\ X X Y/

L1,R=H L6, Ar = Ph L9, X =0
L2, R =Bn L7, Ar = 3-Py L10, X = S
L3,R = Ph L8, Ar = 4-Py — 7\
L4, R = (4-CHsCgHa) \ N/ —

L5, R = (4-CF3CqHy) L11



Table S3: The difference of base screening

Ph/\oH ¢ HN—Ph Ni-cat. (1 mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry Base (1.0 equiv) 3aa (%)

1 LiOH 0
2 NaOH <5
3 KOH <5
4 CsOH <5
5 Li.CO3 0
6 Na2COs 0
7 K2COs3 0
8 Cs2CO3 0
9 t-BuOLi <5
10 t-BuONa 68
11 t-BuOK 96
12 t-BuOCs <5
13 pyridine <5
14 TEA 0
15 TBD 0
16 DBU 0
17 t-BuLi 0
18 NaH 41
19 NaNH: 36
20 KH 71

[e] Reaction conditions: [Ni-N4]Br (0.02 mmol), base (2.0 mmol), 1a (4.0 mmol), 2a
(2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 i) as internal standard.



Table S4: The loading of base screening!@

Ph/\oH ¢ HN—Ph Ni-cat. (1 mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry t-BuOK (mmol) 3aa (%)
1 0 0
2 0.5 23
3 1.0 51
4 1.75 86
5 2.0 96
6 2.25 95
7 2.5 93
8 3.0 90

[8 Reaction conditions: [Ni-N4]Br (0.02 mmol), t-BuOK (x mmol), 1a (4.0 mmol), 2a
(2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

Table S5: The ratio of substrate screening®

Ph/\OH +  HN—Fh Ni-cat. (1 mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry la 2a 3aa (%)
1 2 2 72
2 3 2 89
3 4 2 96
4 2 3 71
5 2 4 73

[8 Reaction conditions: [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol), 1a (x mmol), 2a (x
mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis using n-hexadecane
(100 ) as internal standard.



Table S6: Reaction temperature screening®

Ph/\oH + H,N—Ph Ni-cat. (1 mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry T[°C] 3aa (%)
1 RT 0
2 50 18
3 100 56
4 120 87
5 130 96
6 140 91
7 150 82

8 Reaction conditions: [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol), 1a (4.0 mmol), 2a
(2.0 mmol), N2, T °C, 15 h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

Table S7: Reaction time screening!®

Ph/\oH ¢ HN—Ph Ni-cat. (1 mol%) . on N/Ph

1a 2a 3aaH
Entry t[h] 3aa (%)

1 3 22

2 6 49

3 12 80

4 15 96

5 24 95

[l Reaction conditions: [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol), 1a (4.0 mmol), 2a
(2.0 mmol), N2, 130 °C, x h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 piL) as internal standard.



Table S8: The loading of Ni-catalyst screening!®

Ph/\oH ¢ HN—Ph Ni-cat. (x mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry [Ni-N4]Br (mol%) 3aa (%)
1 0 0
2 0.05 86
3 0.1 96
4 0.5 95
5 1.0 96
6 2 95

(8 Reaction conditions: [Ni-N4]Br (x mmol), t-BuOK (2.0 mmol), 1a (4.0 mmol), 2a
(2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

Table S9: Reaction system screening

Ph/\OH +  HN—Fh Ni-cat. (1 mol%) . Ph/\N/Ph
1a 2a 3aaH
Entry system 3aa (%)
1 open N2 93
2 open air 48
3 open 02 0
4 closed N2 96
5 closed air 56
6 closed 02 0

8 Reaction conditions: [Ni-N4]Br (0.02 mmol), t-BuOK (2.0 mmol), 1a (4.0 mmol),
2a (2.0 mmol), N2, 130 °C, 15 h. Yield of 3aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

10



2.2 Optimization of the Ni-catalyzed olefination of N-heteroarenes by alcohols
= [Ni] <
Ph” NOH  + ks > -9
N Ph™ ™ N
1a 4a 5aa

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (100 mL volume)

was charged with a magnetic stirring bar, [Ni] (0.02 mmol), base, 1a and 4a. Then the
Schlenk tube was closed tightly with a teflon cap, removed from the glove box. Then
the Schlenk tube was closed tightly with a teflon cap, removed from the glove box. A
reflux condenser was evacuated and refilled with dry N2 and then attached to the
Schlenk tube maintaining dry air stream. A bubble counter was attached to the top of
the condenser and the whole system was purged with dry N2 for 30 seconds. The
Schlenk tube was immersed into a pre-heated metal bath (design temperature). After
design time the reaction was cooled, a small aliquot of the organic phase was analyzed
by GC or GC-MS to monitor product formation. Purification of the remainder by
column chromatography on silica gel (petroleum ether/ethyl acetate = 20/1 — 2/1) gave

the corresponding products 5aa in the reported yield.

Entry Parameter
Table S10 The difference of ligand screening
Table S11 The difference of base screening
Table S12 The loading of base screening
Table S13 The ratio of substrate screening
Table S14 Reaction temperature screening
Table S15 Reaction time screening
Table S16 The loading of Ni-catalyst screening
Table S17 Reaction system screening
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Table S10: The difference of ligand screening®

= [Ni] £
ph™” NOH + b > k.
N Ph™ ™\ N
1a 4a bSaa

Entry Ligand 5aa (%)
1 L1 78
2 L2 81
3 L3 92
4 L4 71
5 LS5 70
6 L6 <5
7 L7 <5
8 L8 <5
9 L9 <5
10 L10 <5
11 L11 32
12 - 0
13 [Ni-N4]Br 93 (83)M]

[8] Reaction conditions: NiBr2(DME) (0.05 mmol), Ligand (0.1 mmol), KOH (2.0
mmol), 1a (4.0 mmol), 4a (2.0 mmol), N2, 140 °C, 15 h. Yield of 5aa determined by

GC-analysis using n-hexadecane (100 piL) as internal standard. [ Isolated product.

R Ph, Ph
\ \
N_';l N_';l)\ N_lil
= N = N AN N
N N ~ —

L1,R=H L6, Ar = Ph L9, X=0
L2, R =Bn L7, Ar = 3-Py L10, X =S
L3,R=Ph L8, Ar = 4-Py — 72\
L4, R = (4-CH3CgHy) \ N/ N=

L5, R = (4-CF3CgHa) L11
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Table S11: The difference of base screeningt

= [Ni] 1
Ph" SOH  + - > %
N Ph™ " "N

1a 4a 5aa
Entry Base (1.0 equiv) 5aa (%)
1 LiOH <5
2 NaOH 25
3 KOH 93
4 CsOH 32
5 Li.CO3 0
6 Na2COs 0
7 K2COs3 0
8 Cs2CO3 0
9 t-BuOLi <5
10 t-BuONa 49
11 t-BuOK 81
12 t-BuOCs 21
13 pyridine 0
14 TEA 0
15 TBD 0
16 DBU 0
17 t-BuL.i 0
18 NaH 39
19 NaNH: 52
20 KH 82

[e] Reaction conditions: [Ni-N4]Br (0.05 mmol), base (2.0 mmol), 1a (4.0 mmol), 4a
(2.0 mmol), N2, 140 °C, 15 h. Yield of 5aa determined by GC-analysis using

n-hexadecane (100 i) as internal standard.

13



Table S12: The loading of base screening®

= [Ni] 1
Ph" SOH  + - > %
N Ph™ " "N

1a 4a 5aa
Entry KOH (mmol) 5aa (%)
1 0 0
2 0.5 26
3 1.0 46
4 1.75 82
5 2.0 93
6 25 92
7 3.0 91

8l Reaction conditions: [Ni-N4]Br (0.05 mmol), KOH (x mmol), 1a (4.0 mmol), 4a
(2.0 mmol), Nz, 140 °C, 15 h. Yield of 5aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

Table S13: The ratio of substrate screening!

= [Ni] =
ph™” NOH + h, - -
N Ph” ™\ N
1a 4a S5aa

Entry la 2a 5aa (%)
1 2 2 74
2 3 2 87
3 4 2 93
4 2 3 75
5 2 4 79

& Reaction conditions: [Ni-N4]Br (0.05 mmol), KOH (2 mmol), 1a (x mmol), 4a (x
mmol), N2, 130 °C, 15 h. Yield of 5aa determined by GC-analysis using n-hexadecane
(100 ) as internal standard.

14



Table S14: Reaction temperature screening!®

= [Ni] £
Ph” NOH  + - > -9
N Ph™ N N
1a 4a bSaa

Entry T[°C] 5aa (%)

1 RT 0

2 50 26
3 100 43
4 120 83
5 130 90
6 140 93
7 150 82

8 Reaction conditions: [Ni-N4]Br (0.05 mmol), KOH (2 mmol), 1a (4.0 mmol), 4a
(2.0 mmol), N2, T °C, 15 h. Yield of 5aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

Table S15: Reaction time screening®

% [Ni] =
P NoH  * - > %
N Ph” N

1a 4a 5aa
Entry t[h] 5aa (%)
1 3 20
2 6 47
3 12 79
4 15 93
5 24 93

8] Reaction conditions: [Ni-N4]Br (0.05 mmol), KOH (2 mmol), 1a (4.0 mmol), 4a
(2.0 mmol), Nz, 140 °C, x h. Yield of 5aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

15



Table S16: The loading of Ni-catalyst screening®

= [Ni] £
ph™” NOH + b > k.
N Ph™ ™\ N
1a 4a bSaa

Entry [Ni-N4]Br (mol%) 5aa (%)
1 0 0
2 0.1 73
3 25 93
4 5 92
5 10 93
6 20 93

8 Reaction conditions: [Ni-N4]Br (x mmol), KOH (2.0 mmol), 1a (4.0 mmol), 4a (2.0
mmol), N2, 140 °C, 15 h. Yield of 5aa determined by GC-analysis using n-hexadecane
(100 ) as internal standard.

Table S17: Reaction system screening

Z [Ni] =
Ph” NOH  + ks > -9
N Ph” N N
baa

1a 4a
Entry system 5aa (%)
1 open N2 93
2 open air 52
3 open 07} 0
4 closed N2 74
5 closed air 44
6 closed 02 0

8] Reaction conditions: [Ni-N4]Br (0.05 mmol), KOH (2 mmol), 1a (4.0 mmol), 4a
(2.0 mmol), Nz, 140 °C, 15 h. Yield of 5aa determined by GC-analysis using

n-hexadecane (100 L) as internal standard.

16



3. General procedure for Ni-catalyzed N-alkylation

3.1 General procedure for Ni-catalyzed N-alkylation of amines by alcohols

Closed system:

Ni-cat. (0.1 mol%) R2
RSOH + HN—R? > R1/\H/
1 2 3

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (38 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.002 mmol, 0.1 mol%), t-BuOK
(2.0 mmol), 1 (4.0 mmol) and 2 (2.0 mmol). Then the Schlenk tube was closed tightly
with a teflon cap, removed from the glove box. The Schlenk tube was immersed into a
pre-heated metal bath (design temperature). After design time the reaction was cooled,
a small aliquot of the organic phase was analyzed by GC or GC-MS to monitor product
formation. Purification of the remainder by column chromatography on silica gel
(petroleum ether/ethyl acetate = 20/1 — 5/1, EtsN 1%) gave the corresponding products
3 in the reported yields.

17



3.2 General procedure for Ni-catalyzed olefination of N-heteroarenes

by alcohols

Opened system:

= ,/’:::ﬁ . . = ,/\

™ on +/G\I>¢;tero : [Ni-N4]Br (2.5 mol/o)‘ /\/@tem i
X . - N ~C

N/ N R™N N/ /

1 4 5

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (100 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.05 mmol, 2.5 mol%), KOH
(2.0 mmol), 1 (4.0 mmol) and 4 (2.0 mmol). Then the Schlenk tube was closed tightly
with a rubber cap, removed from the glove box. A reflux condenser was evacuated and
refilled with dry N2 and then attached to the Schlenk tube maintaining dry air stream.
A bubble counter was attached to the top of the condenser and the whole system was
purged with dry N for 30 seconds. The Schlenk tube was immersed into a pre-heated
metal bath (design temperature). After design time the reaction was cooled, a small
aliquot of the organic phase was analyzed by GC or GC-MS to monitor product
formation. Purification of the remainder by column chromatography on silica gel
(petroleum ether/ethyl acetate = 20/1 — 2/1, DCM 2%) gave the corresponding
products 5 in the reported yields.

18



4. Characterization data

Ph

Ir=z

N-benzylaniline (3aa)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 329.6 mg, 90% yield.

IH NMR (400 MHz, CDCl3) 6 7.39 — 7.13 (m, 5H), 7.07 (t, J = 7.6 Hz, 2H), 6.62
(t, = 7.2 Hz, 1H), 6.53 (d, J = 8.1 Hz, 2H), 4.22 (s, 2H), 3.92 (s, 1H).

13C NMR (101 MHz, CDCls) & 148.08, 139.37, 129.22, 128.59, 127.47, 127.18,
117.52, 112.80, 48.28.

MS (70 eV): m/z (%) = 183.

HRMS (ESI) calcd. for CisH1aN [M+H]: 184.1126, found: 184.1120.
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Iz

N-(3-methylbenzyl)aniline (3ab)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 339.1 mg, 86% yield.

IH NMR (400 MHz, CDCls) § 7.41 — 7.29 (m, 5H), 7.25 (d, J = 7.2 Hz, 1H), 6.88
(t, = 7.3 Hz, 1H), 6.77 (d, J = 7.6 Hz, 2H), 4.41 (s, 2H), 4.09 (s, 1H), 2.51 (s, 3H).

13C NMR (101 MHz, CDCls) & 148.20, 139.36, 138.23, 129.23, 128.51, 128.25,
127.96, 124.56, 117.45, 112.79, 48.28, 21.43.

MS (70 eV): m/z (%) = 197.

HRMS (ESI) calcd. for C1aH16N [M+H]: 198.1283, found: 198.1272.
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Ph

Iz

t-Bu
N-(4-(tert-butyl)benzyl)aniline (3ac)?!

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 38.2 — 39.4 °C, 440.1 mg, 92%
yield.

IH NMR (400 MHz, CDCl3) § 7.35 (dd, J = 19.9, 8.3 Hz, 4H), 7.19 (t, J = 6.2 Hz,
2H), 6.72 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 7.8 Hz, 2H), 4.30 (s, 2H), 4.00 (s, 1H), 1.33
(s, 9H).

13C NMR (101 MHz, CDCly) 6 149.75, 147.95, 136.21, 128.70, 126.77, 125.03,
116.80, 112.30, 47.28, 33.95, 30.70.

MS (70 eV): m/z (%) = 2309.

HRMS (ESI) calcd. for C17H22N [M+H]: 240.1752, found: 240.1746.
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Ph

Ir=z

o

N-(4-methoxybenzyl)aniline (3ad) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 63.5 — 64.2 °C, 387.9 mg, 91%
yield.

IH NMR (400 MHz, CDCls) & 7.27 (d, J = 8.3 Hz, 2H), 7.16 (t, J = 7.5 Hz, 2H),
6.86 (d, J = 8.0 Hz, 2H), 6.70 (t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.7 Hz, 2H), 4.23 (s, 2H),
3.92 (s, 1H), 3.78 (s, 3H).

13C NMR (101 MHz, CDCls) & 158.85, 148.20, 131.40, 129.26, 128.82, 117.50,
114.02, 112.83, 55.31, 47.80.

MS (70 eV): m/z (%) = 213.

HRMS (ESI) calcd. For C1aH16NO [M+H]: 214.1232, found: 214.1227.
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Ph

Irz

N-(2-methoxybenzyl)aniline (3ae) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 93.1 — 94.3 °C, 285.6 mg, 67%
yield.

IH NMR (400 MHz, CDCl3) & 7.25 (d, J = 7.4 Hz, 1H), 7.19 (t, J = 8.1 Hz, 1H),
7.11 (dd, J = 11.3, 4.3 Hz, 2H), 6.85 (dd, J = 16.1, 7.9 Hz, 2H), 6.72 — 6.49 (m, 3H),
4.28 (s, 2H), 4.06 (s, 1H), 3.80 (s, 3H).

13C NMR (101 MHz, CDCls) & 157.58, 148.62, 129.38, 129.09, 128.50, 127.52,
120.72, 117.52, 113.25, 110.42, 55.50, 43.65.

MS (70 eV): m/z (%) = 213.

HRMS (ESI) calcd. for C1aH16NO [M+H]: 214.1232, found: 214.1229.
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N-(4-chlorobenzyl)aniline (3af) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 47.1 — 48.2 °C, 356.0 mg, 82%
yield.

IH NMR (400 MHz, CDCls) § 7.37 (d, J = 3.8 Hz, 4H), 7.32 — 7.21 (m, 2H), 6.89
—6.74 (m, 1H), 6.74 — 6.59 (M, 2H), 4.37 (s, 2H), 4.11 (s, 1H).

13C NMR (101 MHz, CDCls) & 147.86, 138.05, 132.86, 129.35, 128.78, 128.73,
117.82, 112.91, 47.61.

MS (70 eV): m/z (%) = 217.

HRMS (ESI) calcd. for C13H13CIN [M+H]: 218.0737, found: 218.0734.
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N-(4-bromobenzyl)aniline (3ag) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 51.3 — 52.1 °C, 396.8 mg, 76%
yield.

IH NMR (400 MHz, CDCl3) 6 7.51 (dd, J = 8.2, 1.6 Hz, 2H), 7.38 — 7.18 (m, 4H),
6.79 (dd, J = 10.4, 4.2 Hz, 1H), 6.66 (d, J = 7.1 Hz, 2H), 4.34 (s, 2H), 4.10 (s, 1H).

13C NMR (101 MHz, CDCls) & 147.68, 138.44, 131.58, 129.19, 128.93, 120.80,
117.70, 112.78, 47.53.

MS (70 eV): m/z (%) = 261.

HRMS (ESI) calcd. for C1sH13BrN [M+H]: 262.0231, found: 262.0223.
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N-(naphthalen-1-ylmethyl)aniline (3ah)!

The title compound was prepared according to the general procedure and purified

by column chromatography to give a white solid, mp: 68.1 — 69.0 °C, 289.1 mg, 62%

yield.

IH NMR (400 MHz, CDCl3) § 8.22 (dd, J = 6.1, 3.4 Hz, 1H), 8.06 (dd, J = 6.2,
3.3 Hz, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.72 — 7.64 (m, 3H), 7.63 — 7.53 (m, 1H), 7.39 (t,
J=7.8Hz, 2H), 6.95 (t, J = 7.3 Hz, 1H), 6.81 (d, J = 7.9 Hz, 2H), 4.83 (s, 2H), 4.06 (s,

1H).

13C NMR (101 MHz, CDCls) & 148.35, 134.46, 134.00, 131.66, 129.46, 128.90,

128.31, 126.46, 126.18, 125.97, 125.68, 123.72, 117.70, 112.86, 46.56.

MS (70 eV): m/z (%) = 233.

HRMS (ESI) calcd. for C17H1sN [M+H]: 234.1283, found: 234.1274.
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N-(thiophen-2-ylmethyl)aniline (3ai)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 294.9 mg, 78% yield.

IH NMR (400 MHz, CD2Cl,) 6 7.30 — 7.12 (m, 3H), 7.09 — 6.88 (m, 2H), 6.80 —
6.56 (M, 3H), 4.51 (s, 2H), 4.16 (s, 1H).

13C NMR (101 MHz, CDCly) 6 147.29, 142.95, 128.70, 126.36, 124.47, 123.98,
117.39, 112.59, 42.83.

MS (70 eV): m/z (%) = 189.

HRMS (ESI) calcd. for C11H12NS [M+H]: 190.0690, found: 190.0684.
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N-benzhydrylaniline (3aj)!

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 58.5 — 59.1 °C, 217.7 mg, 42%
yield.

IH NMR (400 MHz, CDCl3) § 7.43 — 7.36 (m, 7H), 7.32 (d, J = 7.2 Hz, 2H), 7.21
—7.09 (M, 2H), 6.76 (dd, J = 10.5, 4.1 Hz, 1H), 6.66 — 6.44 (m, 2H), 5.56 (s, 1H), 4.28
(s, 1H).

13C NMR (101 MHz, CDCls) & 147.60, 143.19, 129.38, 129.01, 127.72, 127.62,
117.92, 113.74, 63.30.

MS (70 eV): m/z (%) = 259.

HRMS (ESI) calcd. for CioH1sN [M+H]: 260.1439, found: 260.1436.
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N-butylaniline (3ak) !

The title compound was prepared according to the general procedure and purified

by column chromatography to give the yellow oil, 152.1 mg, 51% yield.

IH NMR (400 MHz, CD2Cly) & 7.23 (dd, J = 8.5, 7.3 Hz, 2H), 6.74 (t, J = 7.3 Hz,
1H), 6.68 (d, J = 7.6 Hz, 2H), 3.74 (s, 1H), 3.19 (t, J = 7.0 Hz, 2H), 1.73 — 1.64 (m,
2H), 1.59 — 1.48 (m, 2H), 1.06 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, CD:Cl») & 148.37, 128.67, 116.33, 112.07, 43.18, 31.25,
19.90, 13.29.

MS (70 eV): m/z (%) = 149.

HRMS (ESI) calcd. for C1oH1sN [M+H]: 150.1283, found: 150.1278.
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N-hexylaniline (3al)*
The title compound was prepared according to the general procedure and purified by
column chromatography to give the yellow oil, 248.0 mg, 70% vyield.

IH NMR (400 MHz, CD2Cly) § 7.28 — 7.14 (m, 2H), 6.79 — 6.56 (m, 3H), 3.70 (s,
1H), 3.17 — 3.12 (m, 2H), 1.66 (dd, J = 14.6, 7.7 Hz, 2H), 1.49 — 1.35 (m, 6H), 0.98 (t,
J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCly) & 148.79, 129.10, 116.75, 112.50, 43.94, 31.71,
29.55, 26.88, 22.69, 13.86.

MS (70 eV): m/z (%) = 177.

HRMS (ESI) calcd. for C12H20N [M+H]: 178.1596, found: 178.1593.
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N-octylaniline (3am)?!

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 291.4 mg, 71% yield.

IH NMR (400 MHz, CDCl3) § 7.32 — 7.24 (m, 1H), 6.84 — 6.54 (m, 3H), 3.60 (s,
1H), 3.34 — 3.04 (m, 2H), 1.70 (dd, J = 14.6, 7.3 Hz, 2H), 1.54 — 1.31 (m, 11H), 1.08 —
0.94 (m, 3H).

13C NMR (101 MHz, CDCl3) & 148.40, 129.06, 116.89, 112.53, 43.86, 31.74,
29.46, 29.33, 29.19, 27.09, 22.58, 14.01.

MS (70 eV): m/z (%) = 197.

HRMS (ESI) calcd. for C14H24N [M+H]: 206.1909, found: 206.1906.
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N-icosylaniline (3an)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 307.6 mg, 66% yield.

IH NMR (400 MHz, CDCl3) 6 7.21 — 7.10 (m, 2H), 6.67 (t, J = 7.3 Hz, 1H), 6.58
(d, J = 7.9 Hz, 2H), 3.54 (s, 1H), 3.08 (t, J = 7.1 Hz, 2H), 1.65 — 1.52 (m, 2H), 1.46 —
1.15 (m, 16H), 0.88 (dd, J = 7.7, 5.9 Hz, 3H).

13C NMR (101 MHz, CDCls) & 148.59, 129.24, 117.09, 112.72, 44.05, 31.98,
29.69, 29.65, 29.54, 29.41, 27.26, 22.76, 14.19.

MS (70 eV): m/z (%) = 233.

HRMS (ESI) calcd. for Ci6H2sN [M+H]: 234.2222, found: 234.2219.
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N-(3,7-dimethyloct-6-en-1-yl)aniline (3a0)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 222.0 mg, 48% yield.

IH NMR (400 MHz, CDCl3) & 7.24 (dd, J = 15.2, 7.6 Hz, 2H), 6.74 (td, J = 7.3,
0.8 Hz, 1H), 6.65 (d, J = 8.5 Hz, 2H), 5.16 (t, J = 7.1 Hz, 1H), 3.58 (s, 1H), 3.32 — 3.05
(m, 2H), 2.06 (dt, J = 15.5, 7.8 Hz, 2H), 1.75 (s, 3H), 1.72 — 1.56 (m, 5H), 1.46 (tdd, J
=11.9, 11.0, 7.0 Hz, 2H), 1.34 — 1.23 (m, 1H), 1.03 — 0.92 (m, 3H).

13C NMR (101 MHz, CDCls) & 148.41, 131.17, 129.07, 124.54, 116.94, 112.54,
41.79, 36.97, 36.57, 30.30, 25.62, 25.36, 19.48, 17.56.

MS (70 eV): m/z (%) = 231.

HRMS (ESI) calcd. for C1eH2sN [M+H]: 232.2065, found: 232.2059.
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N-benzyl-4-ethylaniline (3ba)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 384.3 mg, 91% yield.

IH NMR (400 MHz, CDCl3) & 7.61 — 7.18 (m, 5H), 7.07 (dd, J = 8.2, 1.5 Hz, 2H),
6.64 (dd, J = 8.4, 1.8 Hz, 2H), 4.35 (d, J = 1.3 Hz, 2H), 3.95 (s, 1H), 2.60 (g, J = 7.5
Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H).

13C NMR (101 MHz, CDCls) & 145.86, 139.39, 133.14, 128.33, 128.31, 127.26,
126.89, 112.70, 48.38, 27.69, 15.74.

MS (70 eV): m/z (%) = 211.

HRMS (ESI) calcd. for CisHisN [M+H]: 212.1439, found: 212.1433.
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N-benzyl-3,5-dimethylaniline (3ca) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 342.1 mg, 81% yield.

IH NMR (400 MHz, CDCls)  7.41 — 7.23 (m, 5H), 6.38 (d, J = 3.7 Hz, 1H), 6.26
(d, J = 4.2 Hz, 2H), 4.27 (d, J = 4.2 Hz, 2H), 3.84 (s, 1H), 2.23 (d, J = 4.0 Hz, 6H).

13C NMR (101 MHz, CDCls) & 148.15, 139.51, 138.72, 128.42, 127.37, 126.98,
119.43, 110.60, 48.18, 21.36.

MS (70 eV): m/z (%) = 211.

HRMS (ESI) calcd. for CisHisN [M+H]: 212.1439, found: 212.1435.

000}
3 L
2
. GC
L
L
0!
3 4 Ly 9 | L | | 3. 4| ﬁ 6 | lliﬂ Il‘l] ﬁn lell p-4 B 24 b i 7 = |
%,
1003 ot
903 211
GC-MS
703
604
503
103
134
303
203 .
65
104 ‘ ‘ 105
1 i L | Ll on)  osn  os  a1s  ageass
25.0 0 73‘ ) 0 0 0 0 00. 0 0 0. 5. 0 0 7 0 0 0 0 7 0
Intens. | ZGY-27-POS_11726.d: +MS, 1.0min #54
x107 ]
3.0 H
. HRMS
2.5
2.0 238.1592
1.5+
10 212.1435
0.5 4
] | 280.2061
0.0 . . ' . — . . .
150 175 2D0 2]5 250 275 300 325 350 m/z

35



H Ph
~~

Ph
N-benzyl-[1,1'-biphenyl]-2-amine (3da)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 89.1 — 90.1 °C, 368.0 mg, 71%
yield.

IH NMR (400 MHz, CDCl3) § 7.51 — 7.22 (m, 4H), 7.22 — 6.92 (m, 8H), 6.65 (t, J
= 7.3 Hz, 1H), 6.53 (d, J = 8.1 Hz, 1H), 4.28 (s, 1H), 4.14 (s, 2H).

13C NMR (101 MHz, CDCls) & 144.73, 139.35, 130.11, 129.25, 128.81, 128.61,
128.43, 127.49, 127.12, 126.86, 117.08, 110.65.

MS (70 eV): m/z (%) = 259.

HRMS (ESI) calcd. for C1oH1sN [M+H]: 260.1439, found: 260.1436.
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N-benzyl-4-methoxyaniline (3ea)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 49.4 — 50.2 °C, 392.1 mg, 92%
yield.

IH NMR (400 MHz, CDCl3) & 7.40 — 7.34 (m, 3H), 7.30 (d, J = 6.9 Hz, 1H), 6.87
—6.73 (M, 2H), 6.70 — 6.57 (M, 2H), 4.30 (s, 2H), 4.27 (s, 1H), 3.76 (s, 3H).

13C NMR (101 MHz, CDCls) § 152.18, 142.22, 139.52, 128.54, 127.53, 127.14,
114.83, 114.15, 55.73, 49.23.

MS (70 eV): m/z (%) = 213.

HRMS (ESI) calcd. for C1aH16NO [M+H]: 214.1232, found: 214.1225.
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N-benzyl-3-methoxyaniline (3fa)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, 341.0 mg, 80% yield.

IH NMR (400 MHz, CDCl3)  7.51 — 7.29 (m, 5H), 7.14 (t, J = 8.1 Hz, 1H), 6.41
—6.28 (M, 2H), 6.25 (t, J = 2.3 Hz, 1H), 4.35 (s, 2H), 3.79 (s, 3H).

13C NMR (101 MHz, CDCls) § 160.71, 149.40, 139.21, 129.91, 128.54, 127.43,
127.15, 105.91, 102.59, 98.79, 54.94, 48.20.

MS (70 eV): m/z (%) = 213.

HRMS (ESI) calcd. for C1aH16NO [M+H]: 214.1232, found: 214.1224.
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N-benzyl-4-chloroaniline (3ga) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 45.2 — 46.0 °C, 373.4 mg, 86%
yield.

IH NMR (400 MHz, CDCl3) § 7.55 — 7.26 (m, 5H), 7.22 — 7.05 (m, 2H), 6.68 —
6.46 (m, 2H), 4.34 (s, 2H), 4.09 (s, 1H).

13C NMR (101 MHz, CDCls) & 146.63, 138.93, 129.04, 128.68, 127.39, 127.35,
122.00, 113.90, 48.27.

MS (70 eV): m/z (%) = 217.

HRMS (ESI) calcd. for C13H13CIN [M+H]: 218.0737, found: 218.0733.
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N-benzyl-4-bromoaniline (3ha) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 51.3 — 52.2 °C, 396.8 mg, 76%
yield.

IH NMR (400 MHz, CDCl3) § 7.53 — 7.14 (m, 7H), 6.52 (d, J = 8.8 Hz, 2H), 4.32
(s, 2H), 4.10 (s, 1H).

13C NMR (101 MHz, CDCls) & 146.81, 138.63, 131.69, 128.48, 127.16, 114.19,
108.84, 47.96.

MS (70 eV): m/z (%) = 261.

HRMS (ESI) calcd. for C13H13BrN [M+H]: 262.0231, found: 262.0225.
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N-benzylpyridin-2-amine (3ia)?!

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 268.8 mg, 73% yield.

IH NMR (400 MHz, CDCls) & 8.04 (d, J = 4.4 Hz, 1H), 7.42 — 7.24 (m, 5H), 7.24
—7.18 (m, 1H), 6.61 — 6.45 (m, 1H), 6.31 (d, J = 8.4 Hz, 1H), 4.88 (s, 1H), 4.45 (d, J =
5.7 Hz, 2H).

13C NMR (101 MHz, CDCls) 6 164.63, 155.79, 148.09, 138.85, 137.34, 131.65,
128.50, 127.27, 113.02, 106.66, 46.18.

MS (70 eV): m/z (%) = 184

HRMS (ESI) calcd. for C12HisN2 [M+H]: 185.1079, found: 185.1074.
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N-benzylpyridin-3-amine (3ja) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give the yellow oil, 272.5 mg, 74% yield.

IH NMR (400 MHz, CDzCl,) 6 8.03 (d, J = 2.9 Hz, 1H), 7.90 (dd, J = 4.6, 1.3 Hz,
1H), 7.41 — 7.21 (m, 5H), 7.04 (dd, J = 8.3, 4.6 Hz, 1H), 6.87 (ddd, J = 8.3, 2.9, 1.3 Hz,
1H), 4.34 (s, 3H).

13C NMR (101 MHz, CDCly) 6 144.09, 138.83, 138.51, 136.00, 128.55, 127.26,
127.22, 123.48, 118.26, 47.55.

MS (70 eV): m/z (%) = 184

HRMS (ESI) calcd. for C12H1sN2 [M+H]: 185.1079, found: 185.1078.
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(E)-N-benzyl-4-styrylaniline (3ka)?!

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 89.2 — 91.1 °C, 399.2 mg, 70%
yield.

IH NMR (400 MHz, CDCl3) & 7.53 (d, J = 7.7 Hz, 2H), 7.46 — 7.23 (m, 10H),
7.02 (dd, J = 39.8, 16.2 Hz, 2H), 6.68 (d, J = 8.3 Hz, 2H), 4.42 (s, 2H), 4.26 (s, 1H).

13C NMR (101 MHz, CDCls) & 147.82, 139.20, 138.15, 128.85, 128.76, 128.66,
127.85, 127.55, 127.40, 127.11, 126.84, 126.12, 124.68, 113.03, 48.29.

MS (70 eV): m/z (%) = 285.

HRMS (ESI) calcd. for C12H13N2 [M+H]: 286.1596, found: 286.1591.
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N-benzyl-4-(thiophen-3-yDaniline (3la)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, 424.2 mg, 80% yield.

IH NMR (400 MHz, CDzCl,) 6 8.02 (d, J = 2.9 Hz, 1H), 7.89 (dd, J = 4.6, 1.3 Hz,
1H), 7.40 — 7.20 (m, 5H), 7.03 (dd, J = 8.3, 4.6 Hz, 1H), 6.86 (ddd, J = 8.3, 2.9, 1.3 Hz,
1H), 4.33 (s, 3H).

13C NMR (101 MHz, CD.Cl) 6 144.17, 138.91, 138.59, 136.08, 128.62, 127.34,
127.30, 123.56, 118.34, 47.63.

MS (70 eV): m/z (%) = 265.

HRMS (ESI) calcd. for C21HxoN [M+H]: 266.1003, found: 266.0998.
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N2-butyl-N3-(4-methoxybenzyl)benzene-1,3-diamine (3ma)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, 454.7 mg, 80% yield.

'H NMR (400 MHz, CD2Cl») 6 7.39 — 7.26 (m, 2H), 6.97 — 6.84 (m, 3H), 6.01 (dt,
J=7.9,2.1 Hz, 2H), 5.90 (t, J = 2.2 Hz, 1H), 4.25 (s, 2H), 3.82 (s, 3H), 3.08 (t, J = 7.0
Hz, 2H), 1.64 — 1.52 (m, 2H), 1.44 (dd, J = 15.2, 7.1 Hz, 2H), 0.98 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, CDCly) 6 158.73, 149.79, 149.39, 131.88, 129.64, 128.57,
113.74, 102.61, 102.35, 96.85, 55.12, 47.51, 43.54, 31.66, 20.25, 13.64.

MS (70 eV): m/z (%) = 284.

HRMS (ESI) calcd. for C17H16NS [M+H]: 285.1967, found: 285.1962.
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N*-hexyl-N3-(4-methoxybenzyl)benzene-1,3-diamine (3na)*

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, 505.8 mg, 81% yield.

'H NMR (400 MHz, CDCl) 6 7.33 (d, J = 8.6 Hz, 2H), 6.96 — 6.85 (m, 3H),
6.02 (d, J = 8.0 Hz, 2H), 5.90 (s, 1H), 4.26 (s, 2H), 3.82 (s, 3H), 3.08 (t, J = 7.1 Hz,
2H), 1.68 — 1.54 (m, 2H), 1.41 (dd, J = 16.8, 5.9 Hz, 6H), 0.96 (t, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCly) 6 158.81, 149.87, 149.47, 131.96, 129.72, 128.65,
113.82, 102.68, 102.42, 96.93, 55.19, 47.58, 43.95, 31.70, 29.60, 26.88, 22.68, 13.86.

MS (70 eV): m/z (%) = 312.

HRMS (ESI) calcd. for CigHasN20 [M+H]: 313.2280, found: 313.2277.

S
o] GC
P ™ T T T I P A P R T AT A T Py n,k = mp ws T Ee = e =
GC-MS
|| ‘\ \‘
Intens. ] ZGY-29-POS_11757.d: +MS, 0.2min #8
x107 1
2.5
2.0
HRMS
1.54 313.2277
1.0
0.5
J121.0648 579.3908
0.0 L T L : L T T T T T
200| 4do 600 800 1000 1200 1400 m/z

46



P N : ‘N puvp

N
H

H

Ni-benzyl-N3-(4-methoxybenzyl)benzene-1,3-diamine (30a)?!

The title compound was prepared according to the general procedure and purified

by column chromatography to give a yellow solid, 445.5 mg, 70% yield.

IH NMR (400 MHz, CD2Cl) 5 7.40 — 7.34 (m, 7H), 7.36 — 7.28 (m, 3H), 6.95 (t,

J =8.0 Hz, 1H), 6.05 (dd, J = 8.0, 2.1 Hz, 2H), 5.94 (d, J = 2.1 Hz, 1H), 4.30 (d, J =

3.5 Hz, 4H), 4.07 (s, 2H).

13C NMR (101 MHz, CDCly) & 149.41, 140.01, 129.82, 128.49, 127.41, 127.01,

102.89, 97.21, 48.08.
MS (70 eV): m/z (%) = 318.

HRMS (ESI) calcd. for CaoH20N20 [M+H]: 319.1810, found: 319.1802.
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N N3-dibenzylbenzene-1,3-diamine (3pa) !

The title compound was prepared according to the general procedure and purified
by column chromatography to give a yellow solid, mp: 120.1 — 121.0 °C, 363.1 mg,
63% yield.

IH NMR (400 MHz, CD.Cly) & 7.39 (dd, J = 7.2, 4.1 Hz, 4H), 7.36 — 7.23 (m,
3H), 7.03 — 6.82 (m, 3H), 6.05 (dd, J = 8.0, 2.2 Hz, 2H), 5.94 (t, J = 1.8 Hz, 1H), 4.31
(s, 2H), 4.23 (s, 2H), 4.05 (d, J = 7.4 Hz, 2H), 3.82 (s, 3H).

13C NMR (101 MHz, CDCly) 6 158.81, 149.47, 149.40, 140.03, 131.86, 129.78,
128.66, 128.48, 128.42, 127.39, 126.99, 126.85, 113.84, 102.92, 102.84, 97.21, 65.03,
55.20, 48.08, 47.55.

MS (70 eV): m/z (%) = 288.

HRMS (ESI) calcd. for C21H23N20 [M+H]: 289.1705, found: 289.1699.
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(E)-2-styrylquinoline (5aa)?

The title compound was prepared according to the general procedure and purified

by column chromatography to give a white solid, mp: 98.1 — 99.0 °C, 383.6 mg, 83%

yield.

IH NMR (400 MHz, CDCls) § 8.19 — 8.06 (m, 2H), 7.78 (d, J = 8.0 Hz, 1H), 7.73
—7.64 (m, 4H), 7.49 (t, J = 7.5 Hz, 1H), 7.46 — 7.36 (m, 3H), 7.36 — 7.29 (m, 1H).
13C NMR (101 MHz, CDCls) 5 155.88, 148.14, 136.42, 136.27, 134.36, 129.67,

129.10, 128.90, 128.72, 128.56, 127.43, 127.19, 126.09, 119.17.

MS (70 eV): m/z (%) = 230.

HRMS (ESI) calcd. for Ci7H14N [M+H]: 232.1126, found: 232.1121.
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(E)-2-(4-methylstyryl)quinoline (5ab)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 133.2 — 134.1 °C, 402.0 mg,
82% yield.

IH NMR (400 MHz, CDCls) & 8.15 (d, J = 8.6 Hz, 1H), 8.10 (d, J = 8.5 Hz, 1H),
7.81 (d, J = 8.1 Hz, 1H), 7.73 (dt, J = 5.3, 4.7 Hz, 2H), 7.68 (d, J = 5.0 Hz, 1H), 7.58
(d, J = 8.0 Hz, 2H), 7.52 (dd, J = 8.0, 7.0 Hz, 1H), 7.40 (d, J = 16.3 Hz, 1H), 7.25 (d, J
= 8.0 Hz, 2H), 2.42 (s, 3H).

13C NMR (101 MHz, CDCls) § 156.03, 148.11, 138.56, 136.09, 134.23, 133.58,
129.52, 129.37, 128.99, 127.89, 127.32, 127.11, 127.05, 125.87, 119.04, 21.22.

MS (70 eV): m/z (%) = 244.

HRMS (ESI) calcd. for CigH1sN [M+H]: 246.1283, found: 246.1279.

000}
L 00)

-

T
50.0

|ntens7. S5ab-POS_11453.d: +MS, 0.5min #25
x107 7

3

HRMS

246.1279

T L T T T T T T
200 400 600 800 1000 1200 1400 vz

50



(E)-2-(3-methylstyryl)quinoline (5ac)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 68.0 — 69.2 °C, 348.1 mg, 71%
yield.

IH NMR (400 MHz, CDCls) & 8.25 (d, J = 8.6 Hz, 1H), 8.20 (d, J = 8.5 Hz, 1H),
7.91 (d, J = 8.1 Hz, 1H), 7.87 — 7.79 (m, 2H), 7.77 (d, J = 7.8 Hz, 1H), 7.65 — 7.51 (m,
4H), 7.42 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 2.53 (s, 3H).

13C NMR (101 MHz, CDCls) & 156.56, 148.73, 138.82, 136.94, 136.78, 135.00,
130.19, 129.95, 129.69, 129.36, 129.17, 128.43, 127.97, 126.60, 124.96, 119.70, 21.94.

MS (70 eV): m/z (%) = 244.

HRMS (ESI) calcd. for C1gH1eN [M+H]: 246.1283, found: 246.1276.

- GC
Lo
X X Y X FX . [ 2 [ w w wo T 1. 20 L P o 240 ™o
%
1004 2
754
GC-MS
504
254
5 299 5
| B g 154 s 202 i wll 281 6 PP
50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0
Intens. | 5ab-P0S-2_11459.d: +MS, 0.4min #23
x107
3 -
2 246.1276
1
O T | T T T T T T
200 400 600 800 1000 1200 1400 mvz

51



(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)quinoline (5ad) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 123.5 — 124.6 °C, 454.6 mg,
74% yield.

IH NMR (400 MHz, CDCls) & 8.09 (d, J = 8.5 Hz, 1H), 8.04 (d, J = 8.5 Hz, 1H),
7.74 (d, J = 8.1 Hz, 1H), 7.72 — 7.65 (m, 4H), 7.65 — 7.53 (m, 5H), 7.48 — 7.42 (m, 2H),
7.39 (d, J = 7.2 Hz, 2H), 7.31 (dd, J = 11.2, 4.6 Hz, 1H).

13C NMR (101 MHz, CDClIs) & 156.04, 148.33, 141.40, 140.56, 136.45, 135.61,
134.04, 129.86, 129.26, 129.03, 128.92, 127.81, 127.60, 127.53, 127.43, 127.05,
126.27, 119.39.

MS (70 eV): m/z (%) = 307.

HRMS (ESI) calcd. for C23sHisN [M+H]: 308.1439, found: 308.1436.
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(E)-2-(4-methoxystyryl)quinoline (5ae) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 127.1 — 128.3 °C, 423.0 mg,
81% yield.

IH NMR (400 MHz, CDCl3) & 8.06 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.5 Hz, 1H),
7.73 (d, 3 = 8.1 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.56 (dd, J = 11.4, 6.7 Hz, 3H), 7.43 (t, J
= 7.4 Hz, 1H), 7.27 — 7.20 (m, 2H), 6.89 (d, J = 7.3 Hz, 2H), 3.80 (s, 3H).

13C NMR (101 MHz, CDCls) & 159.96, 156.19, 148.13, 136.07, 133.89, 129.52,
129.15, 128.94, 128.49, 127.34, 127.06, 126.72, 125.78, 119.00, 114.11, 55.20.

MS (70 eV): m/z (%) = 260.

HRMS (ESI) calcd. for C1gH16NO [M+H]: 262.1232, found: 262.1244.
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(E)-2-(4-chlorostyryl)quinoline (5af) 2

The title compound was prepared according to the general procedure and purified

by column chromatography to give a white solid, mp: 142.0 — 143.1 °C, 371.1 mg,

70% yield.

IH NMR (400 MHz, CDCls) § 8.14 (d, J = 8.5 Hz, 1H), 8.07 (d, J = 8.5 Hz, 1H),

7.79 (d, J = 8.1 Hz, 1H), 7.74 — 7.61 (m, 3H), 7.60 — 7.48 (m, 3H), 7.37 (dd, J = 12.1,

3.7 Hz, 3H).

13C NMR (101 MHz, CDCls) & 155.56, 148.25, 136.40, 135.02, 134.26, 132.96,

129.81, 129.50, 129.22, 128.99, 128.37, 127.51, 127.38, 126.28, 119.35.

MS (70 eV): m/z (%) = 264.

HRMS (ESI) calcd. for C17H13CIN [M+H]: 266.0736, found: 266.0735.
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(E)-2-(4-bromostyryl)quinoline (5ag) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 140.3 — 141.4 °C, 377.0 mg,
61% yield.

IH NMR (400 MHz, CDCls) & 8.14 (d, J = 8.6 Hz, 1H), 8.09 (d, J = 8.5 Hz, 1H),
7.80 (d, J = 8.1 Hz, 1H), 7.72 (dd, J = 8.4, 7.0 Hz, 1H), 7.66 (d, J = 1.3 Hz, 1H), 7.62
(d, J = 5.8 Hz, 1H), 7.55 — 7.48 (m, 5H), 7.39 (d, J = 16.3 Hz, 1H).

13C NMR (101 MHz, CDCls) & 155.66, 148.31, 136.64, 135.59, 133.26, 132.09,
130.02, 129.67, 129.31, 128.82, 127.67, 127.54, 126.49, 122.70, 119.50.

MS (70 eV): m/z (%) = 308.

HRMS (ESI) calcd. for C17H13BrN [M+H]: 310.0231, found: 310.0227.
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(E)-2-(2-(naphthalen-1-yl)vinyl)quinoline (5ah) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 104.2 — 105.3 °C, 348.6 mg,
62% yield.

IH NMR (400 MHz, CDCls)  8.54 (d, J = 16.0 Hz, 1H), 8.36 (d, J = 8.2 Hz, 1H),
8.16 (t, J = 8.8 Hz, 2H), 7.97 — 7.84 (m, 3H), 7.81 (d, J = 8.1 Hz, 1H), 7.78 — 7.70 (m,
2H), 7.65 — 7.53 (m, 3H), 7.53 — 7.45 (m, 2H).

13C NMR (101 MHz, CDCls) & 156.04, 148.35, 136.43, 134.08, 133.78, 131.79,
131.51, 131.37, 129.79, 129.37, 128.97, 128.70, 127.54, 127.44, 126.35, 126.25,
125.97, 125.73, 124.22, 123.78, 119.60.

MS (70 eV): m/z (%) = 280.

HRMS (ESI) calcd. for C2:HisN [M+H]: 282.1283, found: 282.1276.
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(E)-2-(2-(thiophen-2-yl)vinyl)quinoline (5ai) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 91.4 — 92.6 °C, 331.9 mg, 70%
yield.

IH NMR (400 MHz, CDCl3) 6 8.09 (dd, J = 14.8, 8.5 Hz, 2H), 7.86 (d, J = 16.1
Hz, 1H), 7.78 — 7.68 (m, 2H), 7.54 (d, J = 8.6 Hz, 1H), 7.50 (dd, J = 7.9, 0.9 Hz, 1H),
7.30 (d, J = 5.1 Hz, 1H), 7.27 — 7.21 (m, 2H), 7.13 — 6.98 (m, 1H).

13C NMR (101 MHz, CDCls) & 155.42, 148.17, 142.00, 136.18, 129.65, 129.01,
128.13, 128.01, 127.74, 127.42, 127.16, 125.98, 125.92, 119.24.

MS (70 eV): m/z (%) = 236.

HRMS (ESI) calcd. for C1sH12NS [M+H]: 238.0690, found: 238.0684.
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(E)-2-(2-(pyridin-2-yl)vinyl)quinoline (5aj) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 95.1 — 96.0 °C, 190.3 mg, 41%
yield.

'H NMR (400 MHz, CDCls) 6 8.77 — 8.60 (m, 1H), 8.20 (t, J = 8.5 Hz, 2H), 7.90
(dd, J = 4.0, 2.3 Hz, 2H), 7.83 (d, J = 8.1 Hz, 1H), 7.75 (ddd, J = 13.0, 8.1, 5.0 Hz, 3H),
7.63 (d, J = 6.9 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.24 (dd, J = 7.0, 3.8 Hz, 1H).

13C NMR (101 MHz, CDCls) & 155.15, 154.93, 149.76, 136.89, 136.77, 134.07,
132.19, 130.02, 129.10, 127.57, 126.61, 122.95, 122.88, 120.32, 109.99.

MS (70 eV): m/z (%) = 231.

HRMS (ESI) calcd. for Ci6H13N2 [M+H]: 233.1079, found: 233.1077.

D00}

(0

GC

[ R R R

N

e w0 &8 &0 Zo  ®o 8o 0o W @o Do o 150 1o we wWo mo e 20 Zo e o me mo zmwe A

GC-MS

128
y 78 116
51 ‘ ‘
o ’ ul I
5 — t T i i
2 75.0 100. 0 125. 0 150. 0 175.0

Intens.

x107 ]
3.0

ZGY-15-P0OS_11715.d: +MS, 0.3min #16

2.5—; HRMS

2.0

1_5_' 233.1077

1.0

0.5 144.¢s811 ‘
1

0.0 “u

559.4049
L

T T T T T T T
200 400 600 800 1000 1200 1400 nmv/z

58



/

(E)-2-(2-cyclohexylvinyl)quinoline (5ak) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 49.1 — 49.2 °C, 237.2 mg, 50%
yield.

IH NMR (400 MHz, CDCls) & 8.00 (dd, J = 8.6, 2.7 Hz, 2H), 7.71 (d, J = 8.1 Hz,
1H), 7.68 — 7.62 (m, 1H), 7.52 — 7.32 (m, 2H), 6.76 (d, J = 15.7 Hz, 1H), 6.37 (dd, J =
15.7, 9.3 Hz, 1H), 1.83 — 1.56 (m, 1H), 0.95 — 0.87 (m, 2H), 0.69 — 0.56 (m, 2H).

13C NMR (101 MHz, CDCls) & 156.11, 148.06, 141.96, 136.05, 129.41, 128.95,
128.19, 127.34, 126.96, 125.56, 118.78, 14.86, 8.00.

MS (70 eV): m/z (%) = 237.

HRMS (ESI) calcd. for C17H2oN [M+H]: 238.1596, found: 238.1594.
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(E)-2-(4,8-dimethylnona-1,7-dien-1-yl)quinoline (5al) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 290.4 mg, 52% yield.

IH NMR (400 MHz, CDCls) § 8.02 (t, J = 8.5 Hz, 2H), 7.73 (d, J = 8.1 Hz, 1H),
7.65 (t, J = 7.7 Hz, 1H), 7.51 (d, J = 8.7 Hz, 1H), 7.44 (t, = 7.5 Hz, 1H), 6.76 (dt, J =
30.0, 11.4 Hz, 2H), 5.10 (t, J = 6.3 Hz, 1H), 2.45 — 2.25 (m, 1H), 2.15 (dd, J = 14.1,
7.2 Hz, 1H), 2.02 (dt, J = 15.6, 7.6 Hz, 2H), 1.67 (s, 3H), 1.60 (s, 3H), 1.47 — 1.41 (m,
1H), 1.29 — 1.19 (m, 1H), 0.96 (d, J = 6.7 Hz, 3H).

13C NMR (101 MHz, CDCls) § 156.43, 136.31, 132.25, 131.37, 129.65, 129.10,
127.49, 127.21, 125.96, 124.75, 118.74, 40.72, 36.92, 32.79, 25.83, 25.71, 19.72,
17.78.

MS (70 eV): m/z (%) = 279.

HRMS (ESI) calcd. for CaoH2sN [M+H]: 280.2065, found: 280.2064.

000}

GC

e

2o w0 58 &0 7o Bo 8o Mo  we @o  Bo  Wo 180 1o 1o  Wo o e 220 Zo ze o me Mo zwe A

((((( - 196
903
GC-MS
703 168
603
0 279
41
69
222 264
236
Ll LT T
oL \h\‘ ‘\‘ | \‘\ - ‘M 1y L Il u\\‘ I H‘ | P - I a5 957 355 .27 405 4 s 474 o
25.0  50.0  75.0  100.0  125.0 150.0  175.0 200.0  225.0  250.0  275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0  475.0  500.0
Intens. | ZGY-16-POS_11716.d: +MS, 0.4min #24
%107 4
2.0 H
15 HRMS
1.0 4 280.2064
- 559.4046
0.5 —
0.0 . +— b . . . .
20 400 600 800 1000 1200 1400 vz

60



OMe
=~

NS
Ph™ ™\ N

(E)-6-methoxy-2-styrylquinoline (5ba) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 149.2 — 150.0 °C, 417.8 mg,
80% yield.

IH NMR (400 MHz, CDCl3) § 7.98 (s, 1H), 7.95 (s, 1H), 7.61 (d, J = 5.9 Hz, 2H),
7.59 — 7.56 (m, 2H), 7.40 — 7.34 (m, 3H), 7.33 — 7.24 (m, 2H), 7.01 (d, J = 2.8 Hz, 1H),
3.89 (s, 3H).

13C NMR (101 MHz, CDCls) & 157.45, 153.42, 143.91, 136.46, 134.97, 133.12,
130.33, 128.70, 128.57, 128.22, 128.09, 126.95, 122.17, 119.33, 105.05, 55.34.

MS (70 eV): m/z (%) = 260.

HRMS (ESI) calcd. for C1gH16NO [M+H]: 262.1232, found: 262.1223.

000}
2z L
L
: GC
L
o
0!
0
3 4 Ly 9 | L | | 3. 4| 15 | Iﬁ‘l] IR | L8 200 p-4 B ﬂ!ll] ﬁlﬂ m‘ﬂ z?‘,n zin
%
1003 260
0 GC-MS
807
703
60
50
409 217
309
204
104 108
95 ) 245
3 63 | p 130 165 189 H I 281 313 397 355 105 120 451 479 500
ij—gv—v—‘g"HH‘HH“‘H“H‘HJHH‘H‘“Hl‘luu“ L L e Sy B B A AL A
25.0  50.0  75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0  500.0
Intens. | Sae-POS-2_11460.d: +MS, 0.3min #17
x107 |
3 -
2> - 262.1223
1 —
1 144.0fo9
b 610.1800
o —L t e . r r r r
200 400 600 800 1000 1200 1400 m/z

61



I
Z C

D
Ph™ ™\ N
(E)-6-chloro-2-styrylquinoline (5ca) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 149.1 — 150.3 °C, 371.1 mg,
70% yield.

IH NMR (400 MHz, CDCls) 6 8.11 — 7.94 (m, 2H), 7.76 (d, J = 2.1 Hz, 1H), 7.71
(d, J = 11.8 Hz, 1H), 7.68 — 7.58 (m, 4H), 7.42 (d, J = 8.2 Hz, 2H), 7.40 — 7.30 (m,
2H).

13C NMR (101 MHz, CDCls) & 156.14, 146.50, 136.27, 135.40, 134.94, 131.76,
130.62, 128.80, 128.39, 127.80, 127.29, 126.17, 120.17.

MS (70 eV): m/z (%) = 264.

HRMS (ESI) calcd. for C17H13CIN [M+H]: 266.0736, found: 266.0735.
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(E)-4-styrylquinoline (5da) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 99.4 — 100.5 °C, 189.5 mg, 41%
yield.

IH NMR (400 MHz, CDCl3) & 8.96 (s, 1H), 8.24 (t, J = 8.2 Hz, 2H), 7.88 — 7.74
(m, 2H), 7.71 — 7.57 (m, 4H), 7.47 (dd, J = 14.8, 7.1 Hz, 2H), 7.38 (d, J = 16.1 Hz,
2H).

13C NMR (101 MHz, CDCls) & 149.96, 148.41, 143.06, 136.46, 135.19, 129.88,
129.36, 128.86, 128.79, 127.10, 126.52, 126.36, 123.42, 122.73, 116.99.

MS (70 eV): m/z (%) = 230.

HRMS (ESI) calcd. for Ci7H1aN [M+H]: 232.1126, found: 232.1120.
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(E)-1-styrylisoquinoline (5ea) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 100.1 — 101.0 °C, 328.2 mg, 71%
yield.

IH NMR (400 MHz, CDCls) & 8.57 (d, J = 5.6 Hz, 1H), 8.39 (d, J = 8.4 Hz, 1H),
8.01 (s, 2H), 7.84 (d, J = 8.2 Hz, 1H), 7.67 (ddd, J = 15.3, 14.8, 7.1 Hz, 4H), 7.58 (d, J
= 5.6 Hz, 1H), 7.43 (dd, J = 10.9, 4.4 Hz, 2H), 7.38 — 7.29 (m, 1H).

13C NMR (101 MHz, CDCls) & 154.52, 142.47, 136.91, 136.72, 135.81, 129.88,
128.75, 128.58, 127.42, 127.30, 127.17, 124.44, 122.82, 119.94.

MS (70 eV): m/z (%) = 230.

HRMS (ESI) calcd. for C17H1aN [M+H]: 232.1126, found: 232.1124.
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(E)-2-styrylbenzo[d]oxazole (5fa) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 84.6 — 85.7 °C, 287.4 mg, 65%
yield.

IH NMR (400 MHz, CDCls) & 8.06 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 8.5 Hz, 1H),
7.73 (d, J = 8.0 Hz, 1H), 7.69 — 7.62 (m, 1H), 7.57 — 7.48 (m, 2H), 7.44 (dt, J = 8.0,
4.0 Hz, 2H), 7.22 (d, J = 2.1 Hz, 1H), 6.51 (d, J = 2.8 Hz, 1H), 6.43 (dd, J = 3.3, 1.8
Hz, 1H).

13C NMR (101 MHz, CDCls) § 162.84, 150.47, 142.25, 139.51, 135.20, 129.83,
129.03, 127.61, 125.27, 124.56, 119.94, 114.01, 110.38.

MS (70 eV): m/z (%) = 220.

HRMS (ESI) calcd. for C1sH12NO [M+H]: 222.0919, found: 222.0916.
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(E)-3-styrylpyridazine (5ga) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 85.1 — 86.2 °C, 265.9 mg, 73% yield.

IH NMR (400 MHz, CDCl3) § 9.05 (d, J = 4.8 Hz, 1H), 7.69 (d, J = 16.4 Hz, 1H),
7.62 (t, J = 4.9 Hz, 2H), 7.59 (s, 1H), 7.46 — 7.43 (m, 1H), 7.38 (dd, J = 8.7, 4.6 Hz,
3H), 7.33 (d, J = 5.2 Hz, 1H).

13C NMR (101 MHz, CDCls) § 158.20, 149.60, 135.85, 135.12, 129.03, 128.83,
127.29, 126.36, 125.09, 123.88.

MS (70 eV): m/z (%) = 181.

HRMS (ESI) calcd. for C12H1:N2 [M+H]: 183.0922, found: 183.0922.
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(E)-2-styrylpyrazine (5ha) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 95.7 — 96.6 °C, 298.6 mg, 82%
yield.

IH NMR (400 MHz, CDCls) & 8.61 (s, 1H), 8.50 (s, 1H), 8.37 (d, J = 2.3 Hz, 1H),
7.72 (d, J = 16.1 Hz, 1H), 7.58 — 7.54 (m, 2H), 7.40 — 7.28 (m, 3H), 7.12 (d, J = 16.1
Hz, 1H).

13C NMR (101 MHz, CDCls) & 151.23, 144.31, 143.76, 142.74, 136.01, 135.15,
128.96, 128.82, 127.30, 124.00.

MS (70 eV): m/z (%) = 181.

HRMS (ESI) calcd. for C12H11N2 [M+H]: 183.0922, found: 183.0923.
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(E)-2-methyl-6-styrylpyrazine (5ia) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 204.0 mg, 52% yield.

IH NMR (400 MHz, CDCls) & 8.45 (s, 1H), 8.28 (s, 1H), 7.72 (d, J = 16.1 Hz,
1H), 7.58 (d, J = 7.1 Hz, 2H), 7.36 (dt, J = 13.9, 6.9 Hz, 3H), 7.13 (d, J = 16.1 Hz, 1H),
2.58 (s, 3H).

13C NMR (101 MHz, CDCls) 6 153.03, 149.80, 142.29, 140.22, 135.95, 134.36,
128.52, 126.98, 124.17, 21.46.

MS (70 eV): m/z (%) = 195 [M]+ (100).

HRMS (ESI) calcd. for C13HisN2 [M+H]: 197.1079, found: 197.1074.
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(E)- 2-(1-phenylprop-1-en-2-yl)pyrazine (5ja) 2
The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 90.1 mg, 23% vyield.
IH NMR (400 MHz, CDCls) & 8.86 (s, 1H), 8.56 (s, 1H), 8.45 (d, J = 2.1 Hz, 1H),
7.50 (s, 1H), 7.45 — 7.38 (m, 4H), 7.33 — 7.28 (m, 1H), 2.38 (s, 3H).
13C NMR (101 MHz, CDCls) & 143.39, 142.53, 141.94, 137.12, 132.05, 129.39,
128.30, 127.39, 15.38.
MS (70 eV): m/z (%) = 195.
HRMS (ESI) calcd. for C1sH13N2 [M+H]: 197.1079, found: 197.1072.
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(E)-4-(1,2-diphenylvinyl)pyridine (5ka) 2

The title compound was prepared according to the general procedure and purified

by column chromatography to give a white solid, mp: 85.1 — 86.1 °C, 164.2 mg, 32%

yield.

IH NMR (400 MHz, DMSO-ds) & 8.77 (s, 2H), 7.73 (dd, J = 23.0, 11.7 Hz, 6H),

7.48 —7.25 (m, TH).

13C NMR (101 MHz, DMSO-ds) & 148.36, 142.54, 135.80, 133.26, 128.20,

128.05, 126.61, 124.30.

MS (70 eV): m/z (%) = 256.

HRMS (ESI) calcd. for Ci9H1sN [M+H]: 258.1283, found: 258.1281.

=HHPPPF
Empame

GC

-
0]
103 -
N 101
. a5 T - ‘\ sl \‘\
; i | | : ! :
) T S ™ S

B>

o

2¢
n\“\ \L\ ‘\ , ‘ 5
T T —

b0 2280 250.0

GC-MS

500

258.1281

ZGY-18-NBG_11801.d:-M5 0.2Zmin&10

HRMS

IJ.III: L e \.I.. 1
P00

400
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N
-

e
Ph” XX N~ N pn
2,6-di((E)-styryl)pyrazine (5ma) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 218.4 — 219.6 °C, 363.7 mg,
64% yield.

IH NMR (400 MHz, DMSO-de) & 8.76 (s, 2H), 7.79 (s, 1H), 7.74 (s, 1H), 7.70 (d,
J=7.4Hz, 4H), 7.43 (d, J = 6.4 Hz, 4H), 7.40 (s, 2H), 7.35 (d, J = 7.3 Hz, 2H).

13C NMR (101 MHz, DMSO-ds) & 149.31, 141.49, 135.52, 133.97, 128.41,
126.85, 124.17, 109.02.

HRMS (ESI) calcd. for C2H17N2 [M+H]: 285.1392, found: 285.1386.

Intens. | 12-P0OS-1_11468.d: +MS, 0.2min #9
x107 |
1.5
i 285.1386
1.0
0.5 1
71 19741072
701.4934
453.3434 792.5955
00 T T T T T T T
:IOO 400 600 800 1000 1200 1400 nvz
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Ph N
N

N
N Ph
2,5-di((E)-styryl)pyrazine (5na)?

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 301.2 mg, 53% yield.

IH NMR (400 MHz, DMSO-ds) & 8.66 (s, 2H), 7.89 (d, J = 16.2 Hz, 2H), 7.74 (d,
J=7.8Hz, 4H), 7.45 (t, J = 7.5 Hz, 5H), 7.40 — 7.30 (m, 3H).

13C NMR (101 MHz, DMSO-ds) 6 147.62, 142.06, 135.10, 132.70, 127.58,
125.98, 123.57.

HRMS (ESI) calcd. for C2oHi7N2 [M+H]: 285.1392, found: 285.1387.

Intens. | 12-P0S-2_11469.d: +MS, 0.2min #9
x107 J
il HRMS
1.5
285.1387
1.0
0.5
. 19741073
679.5115
\ | 453.3435 ‘ 702.5956
0.0 bl | " ) L ll |..| e L|II. | lll . . . . . . .
L— 400 600 800 1000 1200 1400 mz
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(E)-2-(2-([1,1'-biphenyl]-4-yl)vinyl)-6-methoxyquinoline (STB-8) 2

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, mp: 151.6 — 152.3 °C, 492.0 mg,
73% yield.

IH NMR (400 MHz, DMSO-dg) & 8.03 (t, J = 8.2 Hz, 2H), 7.84 — 7.55 (m, 8H),
7.41 (dd, J = 22.4, 7.8 Hz, 5H), 7.07 (s, 1H), 3.94 (s, 3H).

13C NMR: Not in deuterium solvent (CDCls, CD2Cl;, DMSO-ds, THF-ds,
PhMe-dg and CD30D).

HRMS (ESI) calcd. for C24H2oNO [M+H]: 338.1545, found: 338.1544.

Elemental Analysis calcd for C24H19NO: C, 85.43; H, 5.68; N, 4.15; found: C,
85.45; H, 5.65; N, 4.16.

Intens. Z@Y-17-NB5_11801.d:-MS, 0.3min#F18
%107
i HRMS
1.5-
197.0524
1.0
J 338.1544
0.5 4
0.0 T T T el —L T by T T T T T T T
200 400 600 800 1000 1200 1400 m'z
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5. Synthesis of [Ni-N4]Br
The ligand (L1-L10) was known compounds and synthesis according
to the literature.’

1,4-dioxane N\ N N /

NiBr,(DME) + 0/4 /)\O — ", Br

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (50 mL volume)
was charged with a magnetic stirring bar, NiBra(DME) (0.2 mmol),
2,2'-(1-phenyl-1H-1,2,4-triazole-3,5-diyl)dipyridine L3 (0.4 mmol), and 1,4-dioxane
(2.0 mL). Then the Schlenk tube was closed tightly with a teflon cap, removed from
the glove box. The Schlenk tube was immersed into a pre-heated metal bath (120 °C).
After 10 hours the reaction was cooled, recrystallized in the MeOH under air gave the

lumpy translucent bright green crystals [Ni-Ns]Br (M) in 47% yield (87.1 mg).

( \
Ph_ Py PyN/Ph
/N_|, | \N
NN N7

r I:
\/+ Z 2
— — N~ ~
& Nt N,
o o,
ol 4
\. J

(di(2,2'-(1-phenyl-1H-1,2,4-triazole-3,5-diyl)dipyridine))(dibromin

e) nickel(l)bromide ([Ni-N4]Br)

Elemental Analysis calcd for CssH3zoBraN1oNiO2: C, 46.34; H, 3.24; Br, 25.69; N,
15.01; Ni, 6.29; O, 3.43; found: C, 46.30; H, 3.26; N, 15.03.

13C Solid NMR (600 MHz) & 168.1, 158.5, 144.2, 139.7, 137.0, 121.2

HRMS (ESI):

calcd. for CzsH26BrN1woNi [M-Br2-2'H>O]: 735.0879, found: 735.0883.

calcd. for C3sH30N10NiO2 [M-Brs]*: 692.1907, found: 692.1903.

calcd. for CasH2sN10Ni [M-Brs-2'H20]": 656.1695, found: 656.1699.
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Figure S1 X-ray of [Ni-N4]Br

13c CP, sample 1%

2022 0127

Mas 10k, 4996

Bruker Avance III 600 MHz Wide Bore spectrometer (14.1T) BRUK!R
chemical shifts are referenced teo HMB at 132.2 ppm

Current Data Parameters
NAME 1

616-liang giangian-0
1

— N~ O o™~ EXPNO
. . L ] . PROCHNO 1
Qo = &~ —
won = ™M ™M (4] F2 - Acquisition Parameters
— — — — 20220127
15.53
TN
4 mm MAS BB/19
cp
4096
11188
1

53523.809 Hz
14.532180 Hz
0344064 sec
512
8.400 usec
12.00 usec

0K
2.00000000 sec

CHANNEL f1
151.0059151
13C
2000.00 usec
100.00000000 W
CHANNEL £2
SFO2 600.4318014 MHz
Nuc2 1H
CH5T21 a
CPDPRG[2Z spinal6d
P3 4.20 usec
1 PCED2 10.60 usec
| PLH2 oW
PLW1Z 25.00000000 W
SPNAM[0] ramp70100.100
SPOALOD 0.300
SPOFFS0 0 Hz
SPHWO 26.00000000 W

FZ - Processing parameters
5 5192

SF 150.9905380 MHz
WOH EM

SB Q

LB 60.00 Hz
GB a
PC 0.20

T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm

Figure S2 Solid-NMR of [Ni-N4]Br
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6. Gram scale experiments and tandem experiment

6.1 Gram scale experiment with 0.1 mol%o catalyst

t-BuOK (1.0 equiv) Ph
PMP” NOH +  H,N—Ph >  PMP H/
1d 2a 3ad
20 mmol 10 mmol with [Ni-N4]Br (0.1 mol%): 87% (1.85 g, TON: 868)

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (100 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.01 mmol, 0.1 mol%), t-BuOK
(20.0 mmol), 1d (20.0 mmol) and 2a (10.0 mmol). Then the Schlenk tube was closed
tightly with a teflon cap, removed from the glove box. The Schlenk tube was immersed
into a pre-heated metal bath (130 °C). After 24 hours the reaction was cooled, a small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation. Purification of the remainder by column chromatography on silica gel
(petroleum ether/ethyl acetate = 20/1 — 5/1, EtsN 1%) gave the corresponding product
3ad in 87% yield (1.85 g, TON = 868).

1850 mg
N, 213 mg/mmol

Nc 0.01 mmol
Ns: The number of molecules of the substrate transformed in the reaction

TON =

= 863

Nc: The number of active catalyst centers involved in the reaction

77



6.2 Gram scale experiment with 0.01 mol% catalyst

t-BuOK (1.0 equiv) Ph
PMP” NOH *+ Ho,N—Ph >  PMP H/
1d 2a 3ad
20 mmol 10 mmol with [Ni-N4]Br (0.01 mol%): 71% (1.51 g, TON: 7089)

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (100 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.001 mmol, 0.01 mol%),
t-BuOK (20.0 mmol), 1d (20.0 mmol) and 2a (10.0 mmol). Then the Schlenk tube was
closed tightly with a teflon cap, removed from the glove box. The Schlenk tube was
immersed into a pre-heated metal bath (130 °C). After 72 hours the reaction was
cooled, a small aliquot of the organic phase was analyzed by GC and GC-MS to
monitor product formation. Purification of the remainder by column chromatography
on silica gel (petroleum ether/ethyl acetate = 20/1 — 5/1, EtsN 1%) gave the
corresponding product 3ad in 71% vyield (1.51g, TON = 7089).

1510 myg

TON — Ny _ 213 mg/mmol _ 2089
Nc 0.001 mmol

Ns: The number of molecules of the substrate transformed in the reaction
Nc: The number of active catalyst centers involved in the reaction
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6.3 Gram scale experiment with 2.5 mol% catalyst

[Ni-N,]Br
Ph
(2.5 mol%) Ph™ ™\

1a (200 mol) (100 mol) 5aa, 74%, 17.09 g

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (500 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (2.5 mmol, 2.5 mol%), KOH (100
mmol), 1a (200 mmol) and 4a (100 mmol). Then the Schlenk tube was closed tightly
with a rubber cap, removed from the glove box. A reflux condenser was evacuated and
refilled with dry N2 and then attached to the Schlenk tube maintaining dry air stream.
A bubble counter was attached to the top of the condenser and the whole system was
purged with dry N2 for 60 seconds. The Schlenk tube was immersed into a pre-heated
metal bath (140 °C). After 72 hours the reaction was cooled, a small aliquot of the
organic phase was analyzed by GC or GC-MS to monitor product formation.
Purification of the remainder by column chromatography on silica gel (petroleum

ether/ethyl acetate = 20/1 — 10/1, DCM 1%) gave the 5aa in 74% yield (17.09 g).

6.4 Tandem experiment

[Ni-N4IBr (1 mol%)  1d (1 equiv) /©\
2p + 1a > > Bn
t-BuOK (1 equiv)  t-BuOK (1 equiv) \H N7 >pvp

(1 mmol)  (1mmol) 30a, 70%”

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (20 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.01 mmol, 1 mol%), t-BuOK
(1.0 mmol), 1a (1.0 mmol) and 2p (1.0 mmol). Then the Schlenk tube was closed
tightly with a teflon cap, removed from the glove box. The Schlenk tube was immersed
into a pre-heated metal bath (130 °C). After 15 hours, t-BuOK (1.0 mmol) and 1d (1.0
mmol) were added under the nitrogen. After another 15 hours the reaction was cooled,
a small aliquot of the organic phase was analyzed by GC or GC-MS to monitor product
formation. Purification of the remainder by column chromatography on silica gel
(petroleum ether/ethyl acetate = 20/1 — 5/1, EtsN 1%, DCM 5%) gave the

corresponding product 3oa in 70% vyield.
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7. Control experiments
7.1

Ph”" NOH *+ HN—Ph > pr” N7+ H,
t-BuOK

1a 2a None: 3aa, 96% detected

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-Ns]Br (0.02 mmol), t-BuOK (2 mmol),
la (4.0 mmol) and 2a (2.0 mmol). Then the Schlenk tube was closed tightly with a
rubber cap, removed from the glove box. The Schlenk tube was immersed into a
pre-heated metal bath (130 °C). After 15 hours the reaction was cooled, a small gas and

aliquot of the organic phase was analyzed by GC and GC-MS to monitor products

formation.
1.2
[Ni-N,]Br Ph
P NOH + H;N—Ph > pp” N7+ Hy
t-BuOK
1a 2a
free t-BuOK: 3aa, <5% None

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), 1a (4.0 mmol) and
2a (2.0 mmol). Then the Schlenk tube was closed tightly with a rubber cap, removed
from the glove box. The Schlenk tube was immersed into a pre-heated metal bath (130
°C). After 15 hours the reaction was cooled, a small gas and aliquot of the organic

phase was analyzed by GC and GC-MS to monitor products formation.

7.3
Ph
Ph NOH + HN—Ph > pn” N7+ H,
t-BuOK H
1a 2a
3aa, <56% None

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, t-BuOK (2.0 mmol), 1a (4.0 mmol) and 2a

(2.0 mmol). Then the Schlenk tube was closed tightly with a rubber cap, removed from

80



the glove box. The Schlenk tube was immersed into a pre-heated metal bath (130 °C).
After 15 hours the reaction was cooled, a small gas and aliquot of the organic phase

was analyzed by GC and GC-MS to monitor products formation.

7.4

[Ni-N]Br
“oH . PRy + H,

1a t-BuOK 6a, 51% 40%

Ph

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2.0 mmol),
la (4.0 mmol). Then the Schlenk tube was closed tightly with a rubber cap, removed
from the glove box. The Schlenk tube was immersed into a pre-heated metal bath (130
°C). After 15 hours the reaction was cooled, a small gas and aliquot of the organic

phase was analyzed by GC and GC-MS to monitor products formation.

7.5
[Ni-N4]Br ~
P Xy + H,N—Ph > ph/\N/Ph + 3aa
t-BuOK
6a 2a None: 6b, 86% <5%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2.0 mmol),
6a (4.0 mmol) and 2a (2.0 mmol). Then the Schlenk tube was closed tightly with a
rubber cap, removed from the glove box. The Schlenk tube was immersed into a
pre-heated metal bath (130 °C). After 15 hours the reaction was cooled, a small aliquot

of the organic phase was analyzed by GC and GC-MS to monitor products formation.

7.6
[Ni-N4]Br S
Ph" o+ HN—Ph > o SN+ 3aa
t-BuOK
6a 2a . .
with Hy, (1 atm):  6b, <5% >99%
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Using a nitrogen-filled glove box, an oven-dried pressure tube (25 mL) was
charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol), 6a
(4.0 mmol) and 2a (2.0 mmol). Then the glass tube was placed in an autoclave which
was closed tightly and removed from the glove box. Then the autoclave was purged
and charged with H» (1 atm) and immersed into a pre-heated metal bath (130 °C) for 15
hours. After the reaction was cooled, a small aliquot of the organic phase was analyzed

by GC and GC-MS to monitor product formation.

1.7
Ni-N,]Br
N _Ph [Ni-N, Ph
Ph N7 > P >N”
t-BuOK H
6b None: 3aa, <5%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol),
6b (2.0 mmol). Then the Schlenk tube was closed tightly with a rubber cap, removed
from the glove box. The Schlenk tube was immersed into a pre-heated metal bath (130
°C). After 15 hours the reaction was cooled, a small aliquot of the organic phase was

analyzed by GC and GC-MS to monitor product formation.

7.8

Ni-N]Br

S _Ph [Ni-N, Ph

Ph*” N” > e N7
t-BUOK H

6b
with H, (1 atm): 3aa, >99%

Using a nitrogen-filled glove box, an oven-dried pressure tube (25 mL) was
charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2.0 mmol), 6b
(1.0 mmol). Then the glass tube was placed in an autoclave which was closed tightly
and removed from the glove box. Then the autoclave was purged and charged with H»
(1 atm) and immersed into a pre-heated metal bath (130 °C) for 15 hours. After the
reaction was cooled, a small aliquot of the organic phase was analyzed by GC and

GC-MS to monitor product formation.
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7.9

Ni-N,]Br
N _Ph [Ni-N4 Ph
Ph” SN >  p N
t-BuOK H
6b with 1a (1 equiv): 3aa, 73%; 6a, 62%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2.0 mmol),
6b (2.0 mmol) and 2a (2.0 mmol). Then the Schlenk tube was closed tightly with a
rubber cap, removed from the glove box. The Schlenk tube was immersed into a
pre-heated metal bath (130 °C). After 15 hours the reaction was cooled, a small aliquot

of the organic phase was analyzed by GC and GC-MS to monitor products formation.
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8. Mechanism study experiments

8.1
[Ni-N,]Br Ph
P NOH +  H,N—Ph > pn” N7
t-BuOK H
1a 2a with mercury drop: 3aa, 63%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-Ns]Br (0.02 mmol), t-BuOK (2 mmol),
la (4.0 mmol), 2a (2.0 mmol) and mercury (2 drops). Then the Schlenk tube was
closed tightly with a rubber cap, removed from the glove box. The Schlenk tube was
immersed into a pre-heated metal bath (130 °C). After 15 hours the reaction was
cooled, a small aliquot of the organic phase was analyzed by GC and GC-MS to

monitor product formation.

8.2
[Ni-N,]Br Ph
P  NOH +  H,N—Ph > pr” N7
t-BuOK H
1a 2a with O=PPhs (2 equiv): 3aa, 71%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol),
la (4.0 mmol), 2a (2.0 mmol) and (O)PPhs (4.0 mmol). Then the Schlenk tube was
closed tightly with a rubber cap, removed from the glove box. The Schlenk tube was
immersed into a pre-heated metal bath (130 °C). After 15 hours the reaction was
cooled, a small aliquot of the organic phase was analyzed by GC and GC-MS to

monitor product formation.

8.3
[Ni-N]Br oh
Ph”  NOH +  H,N—Ph > p” N7
t-BuOK
1a 2a with TEMPO (2 equiv): 3aa, 51%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)

was charged with a magnetic stirring bar, [Ni-Ns]Br (0.02 mmol), t-BuOK (2 mmol),
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la (4.0 mmol) , 2a (2.0 mmol) and TEMPO (4.0 mmol). Then the Schlenk tube was
closed tightly with a rubber cap, removed from the glove box. The Schlenk tube was
immersed into a pre-heated metal bath (130 °C). After 15 hours the reaction was
cooled, a small aliquot of the organic phase was analyzed by GC and GC-MS to

monitor product formation.

8.4
[Ni-N,4]Br o
Ph/\OH + HoN—Ph > Ph/\N/
t-BuOK
1a 2a with Ph,C=CH, (2 equiv): 3aa, 62%

Using a nitrogen-filled glove box, an oven-dried Schlenk tube (25 mL volume)
was charged with a magnetic stirring bar, [Ni-N4]Br (0.02 mmol), t-BuOK (2 mmol),
la (4.0 mmol), 2a (2.0 mmol) and PhCHCH: (4.0 mmol). Then the Schlenk tube was
closed tightly with a rubber cap, removed from the glove box. The Schlenk tube was
immersed into a pre-heated metal bath (130 °C). After 15 hours the reaction was
cooled, a small aliquot of the organic phase was analyzed by GC and GC-MS to

monitor product formation.
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