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1. Screening of reaction conditions

(1) Condition optimization of the reaction of cyclic quaternary ammonium salts with arylzinc

reagents

Table S1. Optimization of conditions for the reaction of cyclic quaternary ammonium salt (1a)

©\/\/\NMe2
Ph

with phenylzinc chloride (2a)*

©\/j ZnCl [Ni], ligand
_ base
+ —_—
Itl ot ©/ temp. time

/\

12 (0.2 mmol) 2a (x equiv.) 3a
I R I O R vt O B 1 O e
mol%)
1 NiCL(DME) (10) 2.0 80 12 THF 19
) NiCL(TMEDA) 2.0 80 12 THF 53
-0.2CH,Cl, (10)
3 Ni(acac), (10) 2.0 80 12 THF 18
4 NiClLy(PPhs); (10) 2.0 80 12 THF 15
5 NiCL(PCy3), (10) 2.0 80 12 THF 27
6 NiCL(dppe) (10) 2.0 80 12 THF 35
7 NiCL(dppp) (10) 2.0 80 12 THF 15
NiCly(dppf) (10) 2.0 80 12 THF 20
9 NiF, (10) 2.0 80 12 THF 15
10 Ni(OTf), (10) 2.0 80 12 THF 41
11 Ni(COD), (10) 2.0 80 12 THF trace
12 Ni(OT), (10) PPh; (20) 2.0 80 12 THF 7
13 Ni(OT), (10) X-Phos (20) 2.0 80 12 THF 40
14 Ni(OTf), (10) dppm (10) 2.0 80 12 THF 12
15 Ni(OT), (10) dppe (10) 2.0 80 12 THF 70
16 Ni(OT£), (10) dppf (10) 2.0 80 12 THF 33
17 Ni(OTH), (10) IPr-HCI (10) 2.0 80 12 THF 70
18 Ni(OT), (10) IMes-HCI(10) 2.0 80 12 THF 64
19 Ni(OT), (10) S“Vﬁf)')HCI 2.0 80 12 THF 64
20 Ni(OTH), (10) SIPr-HCI (10) 2.0 80 12 THF 50
21 Ni(OT$), (5) IPr-HCI (10) 2.0 80 12 THF 48
2 Ni(OT), (10) IPr-HCI (20) 2.0 80 12 THF 36
23 Ni(OTf), (10) IPr-HCI (10) 1.5 80 12 THF 25
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24 Ni(OTH), (10) IPr-HCI (10) 25 80 12 THF 75
25 Ni(OTH), (10) IPr-HCI (10) 3.0 80 12 THF 65
26 Ni(OTH), (10) IPr-HCI (10) 2.5 70 12 THF 73
27 Ni(OTf), (10) IPr-HCI (10) 25 90 12 THF 81
28 Ni(OTf), (10) IPr-HCI (10) 25 100 12 THF 78
29 Ni(OTf), (10) IPr-HCI (10) 2.5 90 10 THF 73
30 Ni(OTH), (10) IPr-HCI (10) 2.5 90 14 THF 83
31 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF 90
32 Ni(OTH), (10) IPr-HCI (10) 2.5 90 18 THF 90
33 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 dioxane 30
34 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 toluene nr
35 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 NMP 46
36 Ni(OTH), (10) IPr-HCI (10) 2.5 90 16 DMF 5
37 Ni(OTH), (10) IPr-HCI (10) 25 90 16 DME 25
38 Ni(OTH), (5) IPr-HCI (5) 25 90 16 THF 65
39 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF NaH 82
40 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF NaOtBu 85
41 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF LiOtBu 86
42 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF Cs,CO; 95
43 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF K,CO; 95
44 Ni(OTH), (10) IPr-HCI (10) 25 90 16 THF K;PO, 88
45 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF CsF 82
46 Ni(OTf), (10) IPr-HCI (10) 2.5 90 16 THF DBu 95 (939
47 none IPr-HCI (10) 2.5 90 16 THF DBu np

& Preparation method of PhZnCl: PhMgBr + ZnCl, + 2 LiCl. ® NMR yields using 1,1,2,2-tetrachloroethane

as an internal standard. ® Isolated yields.
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Table S2. Preparation method of PhZnCl

Ni(OTf),(10 mol%)

©\/j . ZnCl |pr.HCI (10 mol%) NMe,
. +
N~ OTf THF (2 mL) o

/\ 90°C, 16 h
12 (0.2 mmol) 2a (2.5 equiv.) 3a
Entry Preparation method of ArZnCl Yield (%)
1 PhMgBr + ZnCl, 19
2 PhMgBr + ZnCl, + LiCl 75
3 PhMgBr + ZnCl, + 2 LiCl 90
4 PhMgBr + ZnCl, + 3 LiCl 68
5 PhLi + ZnCl, 40
6 PhLi + ZnCl, + MgCl, trace
7 PhLi + ZnCl, + MgCl, + LiCl trace

Reaction of 1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium iodide

Ni(OTf), (10 mol%)

ZnCl prHCT (10 mol%) ©j\/\NMe2
+ |~ +
: : ] THF (2 mL) Ph

/\ 90°C, 16 h
1a’ (0.2 mmol) 2a (2.5 equiv) 3a70%
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(2) Condition optimization of the reaction of cyclic quaternary ammonium salts with

arylboron reagents

Table S3. Optimization of conditions for the reaction of quaternary ammonium salt (1a) with

4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane (4a)

+ —_—
;t] oTf solvent Ph
/\

temp. time
1a (0.2 mmol) 4a (x equiv) %a
Entry | [Ni] (mol%) x| sotvem | B o Temp | Time | Yid?
1 NiCl, (10) 2.0 THF NaOtBu 80 16 29
2 NiF, (10) 2.0 THF NaOtBu 80 16 nr
3 Ni(OTf), (10) 2.0 THF NaOtBu 80 16 41
4 NiCl,(DME) (10) 2.0 THF NaOtBu 80 16 27
5 NiCl,(PCy3), (10) 2.0 THF NaOtBu 80 16 70
6 NiCl,(PPh;), (10) 2.0 THF NaOtBu 80 16 14
7 NiCl,(dppe) (10) 2.0 THF NaOtBu 80 16 18
8 NiCly(dppp) (10) 2.0 THF NaOtBu 80 16 18
9 NiCly(dppf) (10) 2.0 THF NaOtBu 80 16 28
10 NiCl,(PCy3), (10) 2.0 dioxane NaOtBu 80 16 80 (78°)
11 NiCly(PCys3), (10) 2.0 DME NaOtBu 80 16 23
12 NiCl,(PCy3), (10) 2.0 toluene NaOtBu 80 16 42
13 NiCly(PCys3), (10) 2.0 dioxane NaOtBu 90 16 75
14 NiCl,(PCy3), (10) 2.0 dioxane NaOtBu 70 16 70
15 NiCly(PCys3), (10) 2.5 dioxane NaOtBu 80 16 77
16 NiCl,(PCy3), (10) 1.5 dioxane NaOtBu 80 16 31
17 NiCl,(PCy3), (15) 2.0 dioxane NaOtBu 80 16 46
18 NiCl,(PCys3), (5) 2.0 dioxane NaOtBu 80 16 55
19 NiCly(PCys3), (10) 2.0 dioxane NaOtBu 80 18 78
20 NiCl,(PCy3), (10) 2.0 dioxane KOtBu 80 16 42
21 NiCl,(PCy3), (10) 2.0 dioxane LiOtBu 80 16 12
22 NiCl,(PCy3), (10) 2.0 dioxane NaOH 80 16 nr
23 NiCl,(PCy3), (10) 2.0 dioxane KOH 80 16 nr
24 NiCl,(PCy3), (10) 2.0 dioxane Cs,CO; 80 16 nr
25 NiCl,(PCys3), (10) 2.0 dioxane KF 80 16 nr

4 NMR vyields using 1,1,2,2-tetrachloroethane as an internal standard. b [solated yields.
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(3) Condition optimization of the reaction of cyclic quaternary ammonium salts with

dimethyl(phenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)silane

Table S4. Optimization of conditions for the reaction of quaternary ammonium salt (1a) with

dimethyl(phenyl)(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)silane (5)

©\/j - ’YIe base, solvent NMe,
+ orf * Ph=Si—Bpin —( __— >
N | temp. time SiMe,Ph

/\ Me
1a (0.2 mmol) 5 (x equiv) 6a

Entry | x T/°C time/h Solvent/2ml | Base (2.0 equiv) Yield® (%)
1 2.0 60 12 THF LiOtBu 88

2 2.0 60 12 THF NaOtBu 78

3 2.0 60 12 THF KOtBu 64

4 2.0 60 12 THF NaHMDS 74

4 2.0 60 12 THF CsF 65

5 2.0 60 12 THF KOH nr

6 2.0 60 12 THF NaOH nr

7 2.0 40 12 THF LiOtBu 95(95)

8 2.0 25 12 THF LiOtBu 88

9 2.0 40 8 THF LiOtBu 74

10 2.0 40 12 Et,0 LiOtBu 70

11 2.0 40 12 DME LiOtBu nr

12 2.0 40 12 1,4-dioxane | LiOtBu nr

13 2.5 40 10 THF LiOtBu 95

4 NMR vyields using 1,1,2,2-tetrachloroethane as an internal standard. b [solated yields.
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2. Detection of PhSiMe;

ij

Sl\ LiO'Bu (2.0 equiv) |
o ©/ N+ PhSiMe,
/\

THF (2 mL), 12 h, 40 °C >
SiMePh

0.2 mmol 2.0 equiv

calcd. for CgH45Si* 151.0938 [M+H]*
HRMS (ESI) found 151.0934

B spectrum - [wa-2) e @=]

B Fie Edit Display Process Tools Window  Help &%

FABGRB| LOD@OABRD QQAA|F# X LEnHe »

wazx-2 12 (0.440) Cm (4:25) 1: TOF MS ES+
49¢3

1004 151.0034 349

e

0 T T T T T T T T T T T T T T mi

151.086 151.088 151.090 151.092 151.094 151.096 151.098 151.100 151.102

3. Spectral copies of the products
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(1) 1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1a)
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(2) 1,1,6-trimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1b)
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(3) 6-methoxy-1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1¢)
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(4) 6-fluoro-1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1d)
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(5) 6-chloro-1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1e)
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(6) 6-(methoxycarbonyl)-1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1f)
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(7) 1,1,7-trimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1g)

ra4
QN.NW
Lze
8z'Z
62°C
0g'e
(324

S6°C
om.mw
162

19¢ —

16'¢€
L6°€
86°€
66°€

€L
Sz
6L'L-T
ous\

€9L —

g
(6]
[a]
(]
N
I 1
=
o
o
©
14
=
z
I
- Feiz
0°€
8oz
09
ﬁJ_H\NO.N
=
10
L
Z-

FCot
MH/NO.F
00}

06°LL —
Le—

§§'62 —

69°LG —

6069 —

13C{1H} NMR (126 MHz, CDCly)

1 (ppm)

oz e —

6v'9ZL —

zzeL N
erieL

L6'6EL —
1§y —

OTf

+=

P

&
L

1 (ppm)

S14



(8) 7-chloro-1,1-dimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1h)
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(9) 1,1,2-trimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1i)
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(10) 1,1,3-trimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (1j)
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triflate (1K)
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(12) 1,1,5-trimethyl-1,2,3,4-tetrahydroquinolin-1-ium triflate (11)
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(13) 1,1-dimethylindolin-1-ium triflate (1m)
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(14) 1,1-dimethyl-2,3,4,5-tetrahydro-1H-benzo[b]azepin-1-ium triflate (1n)
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2. NMR spectral copies of the coupling products

(1) 3-([1,1'-biphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3a)
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(3b)

-amine

(2) N,N-dimethyl-3-(4-methyl-[1,1'-biphenyl]-2-yl)propan-1

09'L
323
323
2oL
29t
€9'L
€9'L
vo'L
v9'L
S9'L
S9'L
99'L

oy

mv.Nw

oze

ez

9027
20Z
802
80°2 1
s
€12
e12
6221
0e'L
0e'L
0g'L
LeL
Les
zeL
€82
ee2
vmvﬁ
veL

seL]
gL ]
8€°L ]
6cL
ovz
o2 ]
o«i
WL

pA-x4
85C
652
65C
09¢C

LWL
Nv.h;

TH NMR (500 MHz, CDCly)

—

—

09
(x4
0°€
(x4

0L
(x4
0°€
0T

4.0 35
1 (ppm)

4.5

sTie—

€TSY —

865 —

£€9'9ZL
.9zl

VLT
ELBEL
156817
g6'LvL

13C {IH} NMR (126MHz, CDCl,)

1 (ppm)

S23



(3) 3-(4-methoxy-[1,1'-biphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3c)
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4',1"-terphenyl]-2'-yl)-N,N-dimethylpropan-1-amine (3d)

(4) 3-([1,1

191
89'L
oL'L
[N
€L'L 7
oLz
2T\
€z T
mN,N\

69'C

0Le
1Lz
1Lz
zLe

0e'L7
1eL
9e'L
9e'L
9e'L
1621
1827
8cL
8e'L
682
6L
£r L~
L
ov'L
oL
1972
672
6v'L]
052
152
2L ]
gL ]
0521
09'2
192

TH NMR (500 MHz, CDCly)

Ph

Ph

0g'6C —
veLe —

9TGr —

Ly'6G —

89'vZL

Lo°L2h
€zLeh
8¢°L2L
zz'8zL

1z8zL
88'82) \

13C{1H} NMR (126MHz, CDCly)

Fh

FPh

1 (ppm)

S25



(5) N,N-dimethyl-3-(3-methyl-[1,1'-biphenyl]-2-yl)propan-1-amine (3e)
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3", 1"-terphenyl]-4'-y1)-N,N-dimethylpropan-1-amine (3f)
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(7) 4-([1,1'-biphenyl]-2-yl)-N,N-dimethylbutan-2-amine (3g)
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(3h)

-amine

(8) 3-([1,1'-biphenyl]-2-yl)-N,N,2-trimethylpropan-1
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(31)

-amine

(9) 3-([1,1'-biphenyl]-2-y1)-N,N-dimethylbutan- 1
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(10) 2-([1,1'-biphenyl]-2-y1)-N,N-dimethylethan-1-amine (3j)
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(11) 4-([1,1'-biphenyl]-2-yl)-N,N-dimethylbutan-1-amine (3k)
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(12) N,N-dimethyl-3-(4'-methyl-[1,1'-biphenyl]-2-yl)propan-1-amine (3I)
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(13) 3-(4'-(tert-butyl)-[ 1,1'-biphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3m)
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(14) 3-(4'-methoxy-[1,1'-biphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3n)
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(15) 2'-(3-(dimethylamino)propyl)-N,N-dimethyl-[ 1,1'-biphenyl]-4-amine (30)
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(16) 3-([1,1":4",1"-terphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3p)
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(17) N,N-dimethyl-3-(3'-methyl-[1,1'-biphenyl]-2-yl)propan-1-amine (3q)
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(18) 3-(3',5'-dimethyl-[1,1'-biphenyl]-2-yl)-N,N-dimethylpropan-1-amine (3r)
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(19) N,N-dimethyl-3-(2-(naphthalen-2-yl)phenyl)propan-1-amine (3s)
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(20) 3-(2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylpropan-1-amine (6a)
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(21) 3-(2-(dimethyl(phenyl)silyl)-5-methylphenyl)-N,N-dimethylpropan-1-amine (6b)
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(22) 3-(2-(dimethyl(phenyl)silyl)-5-fluorophenyl)-N,N-dimethylpropan-1-amine (6¢)
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(23) 3-(5-chloro-2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylpropan-1-amine (6d)
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(24) methyl 4-(dimethyl(phenyl)silyl)-3-(3-(dimethylamino)propyl)benzoate (6e)
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(25) 3-(2-(dimethyl(phenyl)silyl)-6-methylphenyl)-N,N-dimethylpropan-1-amine (6f)

TH NMR (500 MHz, CDCI 3)
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(26) 3-(2-(dimethyl(phenyl)silyl)-4-methylphenyl)-N,N-dimethylpropan-1-amine (6g)
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(27) 3-(4-chloro-2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylpropan-1-amine (6h)
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(61)

-amine

(28) 4-(2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylbutan-2

8v'2
8y

SS°L

Felo

Fole

Fovy

Fsot

TH NMR (500 MHz, CDCly)

2202
8Ly
20T
00k

109

A
F)

1 (ppm)

88°0-~
o0~

89°¢l —

9TEE
Lve "

1868 —

08'65 —

Ly'geL
v0'82L ”
S6°8C)

‘eoL 7F
5162k
mmvmmr\

13C{1H} NMR (126MHz, CDCly)

-10

£1 (ppm)

S50



(29) 3-(2-(dimethyl(phenyl)silyl)phenyl)-N,N,2-trimethylpropan-1-amine (6j)
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(30) 3-(2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylbutan-1-amine (6k)
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(31) 4-(2-(dimethyl(phenyl)silyl)phenyl)-N,N-dimethylbutan-1-amine (61)
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(32) 2-([1,1'-biphenyl]-2-y1)-N,N,N-trimethylethan-1-aminium iodide
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(33) 2-vinyl-1,1'-biphenyl
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