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1. Instrumentation and Chemicals

'H (400 MHz), "°C (100.5 MHz) and *'P (161.8 MHz) NMR spectra were recorded on a JEOL
JNM-ECXII spectrometer. Chemical shift values for 'H, °C and *'P NMR spectra are referenced to
MesSi (0 ppm), the residual solvent resonances (77.0 ppm for CHCl;) and H3;PO4 (0 ppm),
respectively. High-resolution mass spectra were recorded at the Instrumental Analysis Division,
Global Facility Center, Creative Research Institution, Hokkaido University (JEOL JMS-T100GCv
mass spectrometer for EI-MS) and the GC-MS & NMR Laboratory, Research Faculty of
Agriculture, Hokkaido University (JEOL JMS-T100GCv mass spectrometer for FD-MS). IR spectra
were measured with a PerkinElmer Frontier instrument. Optical rotations were measured on a
JASCO P-2200. Melting points were measured with a Yanaco MP-500D instrument on a micro
melting point apparatus using micro cover glass. Silica gel (Kanto Chemical Co., Silica gel 60 N,
spherical, neutral) was used for column chromatography. TLC analyses were performed on
commercial glass plates bearing 0.25-mm layer of Merck Silica gel 60F;s4.

All reactions were carried out under argon or nitrogen atmosphere. Materials were obtained from
commercial suppliers or prepared according to standard procedures unless otherwise noted.
[Ni(cod),] was purchased from Kanto Chemical (if needed, recrystallization from
toluene/1,5-cyclooctadiene was carried out before use). DCYPBz,' DIPPBz,> DETPBZ’ and were
known compounds. PS-DPPBz was prepared according to the literature.* IPr-HCI, PCys;, DPPBz,
DCYPT, DCYPM, DCYPE, DCYPP-2HBF4, DCYPB and L1 were commercially available and
used as received. NaOsBu was purchased from TCI. Toluene (anhydrous grade) was purchased from
Kanto Chemical, and dried and deoxidized by passage through packed columns of neutral alumina

and copper(Il) oxide under positive argon pressure.
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2. Synthesis of DCYPBz

Although DCYPBz was a known compound,’ its spectroscopic data have not been described: Mg
turnings (519 mg, 21.4 mmol, 14.5 equiv) and Et,O (18 mL) were placed in a 50-mL Schlenk flask
equipped with a magnetic stirring bar. Bromocyclohexane (2.2 mL, 18.0 mmol, 12.0 equiv) was
added dropwise to the flask at rt, and then the mixture was stirred for further 0.5 h. Next,
o-bis(dichlorophosphino)benzene (270 pL, 1.47 mmol) was added to the flask at 0 °C. After stirring
at rt for 3 h, the reaction was quenched with degassed H,O (~5 mL) and 1IN HCI aq (~5 mL). The
organic layer was extracted with hexane under Ar atmosphere, dried over Na,SOy, filtered through a
cannula equipped with a small filter paper, and evaporated under reduced pressure. The crude
product was purified by reprecipitation with Et;,O (~4 mL) and MeOH (~40 mL) to give
1,2-bis(dicyclohexylphosphino)benzene (DCYPBz) as white solids (373.8 mg, 54% yield). The

analytically pure compound was obtained by recrystallization from hot degassed iPrOH.

Se=Z
White solids. M.p. 142.7-145.6 °C. "H NMR (400 MHz, CDCls): ¢ 1.00-1.35 (m, 20H), 1.46—
1.82 (m, 16H), 1.82-2.00 (m, 8H), 7.29-7.32 (m, 2H), 7.48-7.52 (m, 2H). *C NMR (400 MHz,
CDCl): § 26.47 (4C), 27.20-27.32 (m, 8C), 29.11 (t, Jcp = 4.7 Hz, 4C), 30.39 (t, Jcp = 8.6 Hz,
4C), 34.89 (t, Jop = 5.7 Hz, 4C), 127.44 (2C), 132.64 (2C), 144.37 (t, Jo_p = 6.6 Hz, 2C). *'P NMR
(161.8 MHz, CDCl3): d —13.96. IR (ATR): 2921, 2847, 1444, 1262, 1177, 1095, 1000, 850, 742
cm . HRMS-FD (m/z): [M]" Calcd for C3HysP, 470.32312; found, 470.32227.

3. Preparation of Substrates
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Figure S1. List of Substrates for Catalytic Reactions.
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Aryl fluorides 1a—1le, 1i, 11-1p and 1r were commercially available. 1f,” 1g,° 1h,” 1j® and 1k

were known compounds. Primary amines 2a—2m are commercially available.

N-PMB-protected Paroxetine (1q)

The title compound was synthesized from Paroxetine hydrochloride hemihydrate and
p-methoxybenzyl chloride (1.2 equiv) with iPr,EtN (3.0 equiv) in CH,Cl, [>99% yield, isolated by
silica gel column chromatography with hexane/EtOAc 60:40]

F
MeO
\©\/ N ey
I
L

White solids. M.p. 94.6-95.5 °C. "H NMR (400 MHz, CDCls): § 1.78-1.86 (m, 2H), 2.00-2.09
(m, 2H), 2.18-2.22 (m, 1H), 2.46 (td, J=11.2, 4.8 Hz, 1H), 2.97 (br d, J = 10.8 Hz, 1H), 3.23 (br d,
J=10.4 Hz, 1H), 3.40-3.60 (m, 4H), 3.81 (s, 3H), 5.88 (s, 2H), 6.11 (dd, J = 8.0, 2.4 Hz, 1H), 6.32
(d, J = 2.8 Hz, 1H), 6.62 (d, J = 8.8 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.96 (t, J = 8.4 Hz, 2H),
7.14-7.17 (m, 2H), 7.25-7.27 (m, 2H). *C NMR (400 MHz, CDCl3): 0 34.31, 42.12, 44.07, 53.64,
55.23,57.43, 62.74, 69.55,97.93, 101.03, 105.47, 107.78, 113.53 (2C), 115.31 (Je_r = 21.1 Hz, 2C),
128.80 (Je_r = 7.7 Hz, 2C), 130.09, 130.42 (2C), 139.80, 141.44, 148.06, 154.36, 158.65, 161.42
(Jo_r = 244.4 Hz). IR (ATR): 2931, 2762, 1610, 1511, 1488, 1463, 1251, 1220, 1184, 1097, 1030,
934, 850, 812, 784 cm . HRMS-FD (m/z): [M]+ Calcd for Cy7HosFNO4, 449.20024; found,
449.20030. [a]p>® —39.74 (¢ = 1.03, CHCL).

o
)

(o}
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4. Parameters in Ni-catalyzed Amination of 1a with 2a

Table S1. Effects of Ligands

[Ni(cod),] (5 mol%) H

F H N Ligand (7.5 mol%) N\nCsHﬂ
* "Ceh7 NaOBu (1.5 equi
MeO aO1Bu (1.5 equiv) MeO

toluene (1 mL)

1a (0.25 mmol)

2a (1.5 equiv) 190 °C,20 h

3a ("H NMR yield)

Entry Ligand

3a [%, 'H NMR]

R

, A$= L
AR

3 \FQ\J/

4
Ph,P  PPh,
Bu tBu
QL (Lo,
P R
Bu\@ \Q,IBU
tBu tBu
I'Bl@ (PS) (PS) @Bu
(PS) Q\ Q /0/ (PS)
6 (PS) (P PW : (PS)
BUO/ (PS) (PS) \QBU
.,
7 o™
S
; l \ /, ! ;
8 @F’S—zp\%
: N,
PP

57
N

DCYPB:z 95
DIPPBz 79
DETPBz 3
DPPBz 0
SciOPP 0
PS-DPPBz 0
BINAP 0
DCYPT 68
DCYPM 0
DCYPE 48
DCYPP-2HBF, 6
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/E DCYPB 0
N7

DCYPPF 0

N/:\N@
7 IPr-HCI1 0
cP

[Pr-HCI (15 mol%) 0
N/_\N@
@ 7 SIPr-HCl 0
S}
Cl
/\®
C > A S Mes-HCI 0
P
/\@®
%Nv’é\% ICy-HCI 0
Cl
N/:\N@
7 1(2-Ad)-HCl 0
CIe

p{LT), PCy; (15 mol%) 0

Table S2. Effects of Bases

[Ni(cod),] (5 mol%) H

F o, N
/©/ HQN\nC y DCYPBz (7.5 mol%) /©/ ~nCgH; -
+ 817 —>
MeO Base (1.5 equiv) MeO

toluene (1 mL)

1a (0.25 mmol) 2a (1.5 equiv) 120°C, 20 h 3a ("H NMR yield)
Entry Base 3a [%, 'H NMR]
1 NaO7Bu 95
2 LiOsBu 20
3 KO7Bu 17
4 K,COs 0
5 NaHMDS 22
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Table S3. Effects of Solvents

[Ni(cod),] (5 mol%)

F HoN DCYPBz (7.5 mol%)
+ nCgHyy ———————>
MeO

NaO1Bu (1.5 equiv)
solvent (1 mL)

H

N
MeO

1a (0.25 mmol) 2a (1.5equiv) 1209°C, 20 h 3a ('H NMR yield)
Entry Solvent 3a [%, 'H NMR]

1 toluene 95

2 CPME 82

3 octane 75

4 1,4-dioxane 16

5 tAmOH 5

6 DMA

Table S4. Effects of Reaction Temperature

[Ni(cod),] (5 mol%)

F HoN DCYPBz (7.5 mol%)
+ nCeHyz — ——— — >
MeO NaO1Bu (1.5 equiv)

toluene (1 mL)

H

N
MeO

1a (0.25 mmol) 2a (1.5 equiv) temp., 20 h 3a ('H NMR yield)
Entry Temp (°C) 3a [%, 'H NMR]
1 120 95
2 110 62
3 100 15
4 90 4
5 80 1

5. Experimental Procedures

A Typical Procedure for Ni-Catalyzed Amination of Aryl Fluorides with Primary Amines: In a
nitrogen-filled glove box, [Ni(cod),] (3.4 mg, 0.0124 mmol, 5 mol%), DCYPBz (8.8 mg, 0.0187
mmol, 7.5 mol%) and toluene (0.5 mL) were placed in a 10-mL glass tube containing a magnetic
stirring bar. After stirring at rt for ca. 5 min, 4-fluoroanisole (1a, 31.5 mg, 0.25 mmol), octylamine
(2a, 48.4 mg, 0.374 mmol), NaO7Bu (36.0 mg, 0.375 mmol) and toluene (0.5 mL) were added
successively. The tube was sealed with a screw cap and was removed from the glove box. The
mixture was stirred at 120 °C for 20 h. After being cooled to rt, the mixture was diluted with Et,O
and filtered through a silica gel pad (eluting with Et,0). The volatiles were removed under reduced
pressure, and then an internal standard (1,2-diphenylethane) was added to determine the yield of
4-methoxy-N-octylaniline (3a, 95% yield). The crude product was purified by silica gel column
chromatography (hexane/EtOAc 100:0 to 95:5) to give 3a as pale yellow oil (55.3 mg, 0.235 mmol,

94% yield).
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6. Characterization of Products

4-Methoxy-N-octylaniline (3a)"
H

N
/©/ \nCSH17
MeO

[Scheme 2: 1a (0.25 mmol), 2a (0.374 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3a (55.3 mg, 0.235 mmol, 94% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 100:0 to 95:5.

Pale yellow oil. "H NMR (400 MHz, CDCls): 6 0.88 (t, J = 6.8 Hz, 3H), 1.24—1.44 (m, 10H),
1.57 (quint, J = 6.8 Hz, 2H), 3.05 (t, J = 6.8 Hz, 2H), 3.32 (br s, 1H), 3.74 (s, 3H), 6.56-6.63 (m,
2H), 6.75-6.80 (m, 2H). *C NMR (100.5 MHz, CDCls): § 14.10, 22.65, 27.19, 29.25, 29.42, 29.65,
31.81,44.99, 55.79, 113.96 (2C), 114.82 (2C), 142.84, 151.87.

N-Octylaniline (3b)’
H

N
©/ “nCgH7

[Scheme 4: 1b (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3b (42.4 mg, 0.206 mmol, 83% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 100:0 to 95:5.

Yellow oil. "H NMR (400 MHz, CDCls): 6 0.87 (t, J = 7.6 Hz, 3H), 1.22—1.44 (m, 10H), 1.61
(quint, J = 6.8 Hz, 2H), 3.10 (t, J = 7.2 Hz, 2H), 3.59 (br s, 1H), 6.60 (dd, J = 8.0, 0.8 Hz, 2H), 6.68
(td, J=7.2, 0.8 Hz, 1H), 7.15-7.20 (m, 2H). *C NMR (100.5 MHz, CDCl;): 6 14.09, 22.64, 27.16,
29.25,29.40,29.54, 31.81,43.94, 112.62 (2C), 117.00, 129.17 (2C), 148.50.

4-Methyl-N-octylaniline (3¢)"
H

N
/©/ \nCBHW
Me

[Scheme 4: 1¢ (0.25 mmol), 2a (0.375 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3¢ (49.7 mg, 0.227 mmol, 91% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 100:0 to 95:5.

Yellow oil. "H NMR (400 MHz, CDCls): 6 0.88 (t, J = 6.8 Hz, 3H), 1.20—-1.42 (m, 10H), 1.60
(quint, J = 7.2 Hz, 2H), 2.23 (s, 3H), 3.07 (t, J = 7.2 Hz, 2H), 3.45 (br s, 1H), 6.53 (d, J = 8.4 Hz,
2H), 6.98 (d, J = 8.0 Hz, 2H). *C NMR (100.5 MHz, CDCl;): ¢ 14.09, 20.34, 22.64, 27.17, 29.25,
29.41,29.59, 31.81, 44.34, 112.83 (2C), 126.20, 129.65 (2C), 146.27.

N-Octyl-[1,1'-biphenyl]-4-amine (3d)"°
H

N
Ph

[Scheme 4: 1d (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
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NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3d (60.6 mg, 0.215 mmol, 86% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99:1 to 90:10.

Yellow solids. "H NMR (400 MHz, CDCl;): § 0.89 (t, J = 6.8 Hz, 3H), 1.22-1.46 (m, 10H),
1.62 (quint, J = 8.0 Hz, 2H), 3.14 (t, J = 7.2 Hz, 2H), 3.70 (br s, 1H), 6.67 (d, J = 8.8 Hz, 2H),
7.22-7.26 (m, 1H), 7.39 (t, J= 7.6 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 7.54 (dd, J = 8.0, 0.8 Hz, 2H).
BC NMR (100.5 MHz, CDCLy): 6 14.10, 22.65, 27.15, 29.26, 29.39, 29.52, 31.81, 43.93, 112.82
(20), 125.90, 126.18 (2C), 127.85 (2C), 128.58 (2C), 129.81, 141.26, 147.90.

Nl,Nl-Dimethyl-N"-octylbenzene-1,4-diamine (3e)*

H

N
MeZN

[Scheme 4: 1e (0.252 mmol), 2a (0.375 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), m-xylene (1 mL), 140 °C, 20 h] 3e (57.9 mg, 0.233 mmol, 92% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 80:20.

Yellow oil. "H NMR (400 MHz, CDCls): 6 0.88 (t, J = 6.4 Hz, 3H), 1.20—1.45 (m, 10H), 1.57
(quint, J = 8.0 Hz, 2H), 2.81 (s, 6H), 3.05 (br, 2H+1H), 6.59 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.4 Hz,
2H). *C NMR (100.5 MHz, CDCl3): § 14.07, 22.62, 27.18, 29.23, 29.40, 29.72, 31.79, 42.31 (2C),
45.08, 114.19 (2C), 115.96 (2C), 141.19, 143.90.

N-Octyl-4-((triisopropylsilyl)oxy)aniline (3f)

N
IPrSSiO

[Scheme 4: 1f (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), m-xylene (1 mL), 140 °C, 20 h] 3f (76.7 mg, 0.203 mmol, 81% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99:1 to 95:5.

Pale yellow oil. "H NMR (400 MHz, CDCls): 6 0.88 (t, J = 6.8 Hz, 3H), 1.08 (d, J = 7.2 Hz,
18H), 1.15-1.45 (m, 13H), 1.59 (quint, J = 6.8 Hz, 2H), 3.04 (t, J = 7.6 Hz, 2H), 3.29 (br s, 1H),
6.48—6.52 (m, 2H), 6.69—6.75 (m, 2H). *C NMR (100.5 MHz, CDCl;): 6 12.57 (3C), 14.09, 17.91
(60), 22.65, 27.21, 29.25, 29.44, 29.72, 31.82, 44.96, 113.78 (2C), 120.35 (2C), 142.85, 147.69. IR
(ATR): 2926, 2866, 1509, 1464, 1234, 919, 907, 883, 820, 758, 734, 679 cm . EI-HRMS (m/z):
[M]" caled for Cp3H43NOSi 377.31139; found, 377.31043.

1-Methyl-N-octyl-1H-indol-5-amine (3g)

H

No
(/\/©/ nCeH17
N

Me
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[Scheme 4: 1g (0.25 mmol), 2a (0.375 mmol), [Ni(cod):] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3g (60.3 mg, 0.233 mmol, 93% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99:1 to 90:10.

Yellow solids. M.p. 40.4—41.4 °C. "H NMR (400 MHz, CDCl3): J 0.89 (t, J = 6.8 Hz, 3H),
1.26-1.46 (m, 10H), 1.65 (quint, J = 6.8 Hz, 2H), 3.14 (t, J = 7.6 Hz, 2H), 3.38 (br s, 1H), 3.73 (s,
3H), 6.31 (dd, J=2.8, 1.2 Hz, 1H), 6.65 (dd, J = 8.8, 2.4 Hz, 1H), 6.83 (d, J = 2.0 Hz, 1H), 6.95 (d,
J=3.2Hz, 1H), 7.13 (d, J = 8.4 Hz, IH). ®C NMR (100.5 MHz, CDCL;): J 14.09, 22.63, 27.27,
29.26, 29.45, 29.71, 31.81, 32.77, 45.51, 99.59, 102.41, 109.69, 111.79, 128.70, 129.27, 131.18,
142.37. IR (ATR): 2953, 2921, 2849, 1625, 1508, 1475, 1422, 1247, 1169, 868, 788, 727, 709 cm "
EI-HRMS (m/z): [M]" calced for C7H,6N, 258.20960; found, 258.20959.

4-Fluoro-N-octyl-[1,1’-biphenyl]-4-amine (3h)

SUaWal
"nCgHi7

[Scheme 4: 1h (0.25 mmol, contaminated with ~4% of 4,4’-dichlorobiphenyl), 2a (0.25 mmol),
[Ni(cod):] (5 mol%), DCYPBz (7.5 mol%), NaO7Bu (0.375 mmol), toluene (1 mL), 120 °C, 20 h]
3h (61.9 mg, 0.206 mmol, 83% yield), contaminated with N-octyl-[1,1'-biphenyl]-4-amine (2.9 mg,
4%), was isolated by silica gel column chromatography with hexane/EtOAc 100:0 to 99:1.

Pale yellow solids (viscous). M.p. 78.3-82.5 °C. "H NMR (400 MHz, CDCls): § 0.89 (t, J =
6.4 Hz, 3H), 1.20-1.50 (m. 10H), 1.62 (quint, J = 7.2 Hz, 2H), 3.12 (t, J = 6.8 Hz, 2H), 3.68 (br s,
1H), 6.64 (d, J = 8.4 Hz, 2H), 7.06 (t, J = 8.0 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.42-7.48 (m, 2H).
BC NMR (100.5 MHz, CDCL): ¢ 14.10, 22.65, 27.15, 29.26, 29.40, 29.51, 31.82, 43.94, 112.86
(20), 115.35 (d, Jc—r = 21.1 Hz, 2C), 127.60 (d, Jc_r = 7.6 Hz, 2C), 127.73 (2C), 128.91, 137.43 (d,
Jor =2.9 Hz), 147.87, 161.65 (d, Jc_r = 245.2 Hz). IR (ATR): 2925, 2855, 1611, 1499, 1478, 1328,
1299, 1223, 1158, 813 cm'. FD-HRMS (m/z): [M]" calcd for CyHxFN 299.20493; found,
299.20487.

N, N*-Dioctyl-[1,1'-biphenyl]-4,4’-diamine (3h’)

=) )
nCgHy7 "nCgHy7

[Scheme 4: 1h (0.25 mmol, contaminated with ~4% of 4,4’-dichlorobiphenyl), 2a (0.75 mmol),
[Ni(cod),] (5 mol%), DCYPBz (7.5 mol%), NaOsBu (0.75 mmol), toluene (1 mL), 120 °C, 20 h] 3h
(46.5 mg, 0.155 mmol, 62%) and 3h’ (31.3 mg, 0.077 mmol, 31% yield) was isolated by silica gel
column chromatography with hexane/EtOAc 100:0 to 95:5.

Yellow solids. M.p. 89.5-91.5 °C. '"H NMR (400 MHz, CDCls): J 0.89 (t, J = 6.4 Hz, 6H),
1.20-1.40 (m. 20H), 1.63 (quint, J= 7.2 Hz, 4H), 3.12 (t,J = 7.2 Hz, 4H), 3.60 (br s, 2H), 6.64 (d, J
= 8.8 Hz, 4H), 7.36 (d, J = 8.4 Hz, 4H). *C NMR (100.5 MHz, CDCL3): § 14.11 (2C), 22.65 (2C),
27.18 (2C), 29.27 (2C), 29.41 (2C), 29.59 (2C), 31.82 (2C), 44.14 (20), 112.96 (4C), 127.09 (4C),
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130.47 (2C), 147.00 (2C). IR (ATR): 3390, 2954, 2919, 2852, 1614, 1505, 1470, 1328, 1287, 1182,
812,797 cm . FD-HRMS (m/z): [M]" calcd for CosHasN, 408.35045; found, 408.35226.

N-Octyl-4-(trifluoromethyl)aniline 3i)*

H

N
/©/ ot
F3C

3

[Scheme 4: 1i (0.25 mmol), 2a (0.375 mmol), [Ni(cod);] (5 mol%), DCYPBz or DCYPE (7.5
mol%), NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] Only trace amounts of 3i was

observed in the crude mixture (based on '"H NMR analysis).

N,N-Diethyl-4-(octylamino)benzamide (3j)
H

N
“nCgHy7
Et,N

o}

[Scheme 4: 1j (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3j (50.6 mg, 0.166 mmol, 66% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 90:10 to 60:40.

Pale pink solids. M.p. 42.5-44.1 °C. "H NMR (400 MHz, CDCls): ¢ 0.89 (t, J = 6.4 Hz, 3H),
1.18 (t, J = 6.8 Hz, 6H), 1.26—1.46 (m, 10H), 1.61 (quint, J = 7.6 Hz, 2H), 3.11 (t, J = 6.8 Hz, 2H),
3.43 (br m, 4H), 3.86 (br, 1H), 6.55 (d, J = 8.8 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H). *C NMR (100.5
MHz, CDCls): ¢ 13.53 (br, 2C), 14.05, 22.60, 27.06, 29.18, 29.33, 29.35, 31.75, 40.99 (br m, 2C),
43.62, 111.60 (2C), 125.05, 128.32, 128.41, 149.36, 171.80. IR (ATR): 3337, 2927, 2854, 1598,
1425, 1285, 1172, 1096, 833, 762, 730 cm'. EI-HRMS (m/z): [M]" caled for CjoH3N,O
304.25146; found, 304.25046.

tert-Butyl 4-(octylamino)benzoate (3k)’
H

N
“nCgHy7
BuO

0

[Scheme 4: 1k (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3k (52.3 mg, 0.171 mmol, 68% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99:1 to 98:2.

White solids. '"H NMR (400 MHz, CDCls): § 0.88 (t, J = 7.2 Hz, 3H), 1.22-1.42 (m, 10H),
1.56 (s, 9H), 1.61 (quint, J = 6.8 Hz, 2H), 3.14 (t, J = 7.2 Hz, 2H), 4.06 (br s, 1H), 6.52 (d, /= 6.8
Hz, 2H), 7.80 (d, J = 6.8 Hz, 2H). *C NMR (100.5 MHz, CDCls): § 14.06, 22.62, 27.04, 28.29
(30), 29.19, 29.27, 29.32, 31.76, 43.37, 79.70, 111.14 (2C), 119.87, 131.27 (2C), 151.75, 166.19.
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NN -Dioctylbenzene-1,3-diamine 3"

HN—nCgH47

HN—nCgH,;

[Scheme 4: 11 (0.25 mmol), 2a (0.75 mmol), [Ni(cod);] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.75 mmol), toluene (1 mL), 120 °C, 20 h] 31 (65.8 mg, 0.198 mmol, 79% yield) was
isolated by silica gel column chromatography with hexane/CH,Cl, 80:20 followed by GPC.

White solids. "H NMR (400 MHz, CDCls): J 0.88 (t, J = 6.6 Hz, 6H), 1.20-1.50 (m, 20H),
1.59 (quint, J = 7.6 Hz, 4H), 3.07 (t, J = 7.2 Hz, 4H), 3.50 (br s, 2H), 5.86 (t, /= 2.0 Hz, 1H), 5.99
(dd, J = 8.0, 2.0 Hz, 2H), 6.96 (t, J = 8.0 Hz, 1H). *C NMR (100.5 MHz, CDCL): ¢ 14.11 (2C),
22.65 (2C), 27.20 (2C), 29.27 (2C), 29.42 (2C), 29.64 (2C), 31.83 (2C), 44.00 (2C), 96.83, 102.54
(2C), 129.87, 149.70 (2C).

2-Methyl-N-octylaniline (3m)*

Me

N
©/ “nCgH17

[Scheme 4: 1m (0.25 mmol), 2a (0.375 mmol), [Ni(cod);] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.375 mmol), m-xylene (1 mL), 140 °C, 20 h] 3m (28.6 mg, 0.130 mmol, 52% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 100:0 to 95:5.

Colorless oil. "H NMR (400 MHz, CDCls): J 0.89 (t, J = 6.8 Hz, 3H), 1.21-1.43 (m, 10H),
1.66 (quint, J = 7.6 Hz, 2H), 2.13 (s, 3H), 3.14 (t, J = 7.2 Hz, 2H), 3.44 (br s, 1H), 6.60-6.66 (m,
2H), 7.05 (d, J = 6.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H). *C NMR (100.5 MHz, CDCL): J 14.10,
17.44, 22.66, 27.24, 29.27, 29.42, 29.58, 31.83, 43.93, 109.55, 116.56, 121.62, 127.10, 129.96,
146.35.

N-Octylnaphthalen-1-amine (3n)"

Lk
O “nCgH,7

[Scheme 4: 1n (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3n (58.4 mg, 0.229 mmol, 92% yield) was
isolated by silica gel column chromatography with hexane/CH,Cl; 90:10 to 80:20.

Brown oil. "H NMR (400 MHz, CDCl3): § 0.89 (t, J = 6.8 Hz, 3H), 1.21-1.40 (8H), 1.41-1.51
(m, 2H), 1.74 (quint, J = 7.2 Hz, 2H), 3.23 (t, /= 7.2 Hz, 2H), 4.27 (br s, 1H), 6.58 (d, /= 7.2 Hz,
1H), 7.20 (d, /= 7.6 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.37-7.44 (m, 2H), 7.77 (d, J = 8.8 Hz, 2H).
BC NMR (100.5 MHz, CDCls): § 14.11, 22.66, 27.34, 29.27, 29.40, 29.45, 31.83, 44.18, 104.10,
116.96, 119.73, 123.24, 124.51, 125.59, 126.64, 128.61, 134.25, 143.59.
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N-Octylpyridin-3-amine (30)"
H
= N\nCBHW

N
[Scheme 4: 10 (0.263 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPE (7.5 mol%),

NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 30 (45.6 mg, 0.221 mmol, 84% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 90:10 to 50:50.

White solids. "H NMR (400 MHz, CDCls): J 0.89 (t, J = 6.4 Hz, 3H), 1.20-1.49 (m, 10H),
1.60 (quint, J = 7.2 Hz, 2H), 3.10 (q, J = 6.8 Hz, 2H), 3.71 (br s, 1H), 6.83—6.86 (m, 1H), 7.07 (dd,
J = 8.0, 4.4 Hz, 1H), 7.94 (d, J = 4.8 Hz, 1H), 8.02 (d, J = 2.8 Hz, 1H). *C NMR (100.5 MHz,
CDCls): 0 14.05, 22.60, 27.03, 29.18, 29.33 (1C+1C), 31.74, 43.53, 118.19, 123.62, 135.97, 138.43,
144.35.

N-Octylpyridin-2-amine (3p)’

N

L
Z anC8H17
H

[Scheme 4: 1p (0.25 mmol), 2a (0.375 mmol), [Ni(cod),] (5 mol%), DCYPE (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3p (37.2 mg, 0.180 mmol, 72% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 90:10 followed by PTLC with
hexane/EtOAc 90:10.

White solids. "H NMR (400 MHz, CDCls): J 0.88 (t, J = 6.8 Hz, 3H), 1.20-1.44 (m, 10H),
1.60 (quint, J = 7.6 Hz, 2H), 3.23 (q, J = 6.4 Hz, 2H), 4.50 (br s, 1H), 6.36 (d, J = 8.4 Hz, 1H), 6.54
(dd, J = 6.4, 5.2 Hz, 1H), 7.38-7.43 (m, 1H), 8.07 (dd, J= 5.0, 1.0 Hz, 1H). *C NMR (100.5 MHz,
CDCl): 0 14.09, 22.62, 27.05, 29.23, 29.34, 29.52, 31.79, 42.27, 106.23, 112.55, 137.34, 148.21,
158.91.

N-Isopentyl-4-methoxyaniline (3q)°

H
: N \/\rMe
MeO Me

[Scheme 5: 1a (0.25 mmol), 2b (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3q (43.4 mg, 0.225 mmol, 90% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.

Yellow oil. "H NMR (400 MHz, CDCls): 6 0.94 (d, J = 6.4 Hz, 6H), 1.50 (q, J = 7.2 Hz, 2H),
1.71 (septet, J = 7.2 Hz, 1H), 3.07 (t, J= 7.6 Hz, 2H), 3.37 (br, 1H), 3.75 (s, 3H), 6.56-6.61 (m, 2H),
6.76-6.80 (m, 2H). *C NMR (100.5 MHz, CDCl;): 6 22.60 (2C), 25.96, 38.63, 43.11, 55.75,
113.95 (2C), 114.81 (2C), 142.81, 151.88.
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4-Methoxy-N-phenethylaniline (3r)"
H

o
MeO

[Scheme 5: 1a (0.25 mmol), 2¢ (0.375 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3r (45.2 mg, 0.199 mmol, 80% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 90:10.

Brown oil. '"H NMR (400 MHz, CDCl;): § 2.92 (t, J = 7.2 Hz, 2H), 3.36 (t, J = 7.2 Hz, 2H),
3.75 (s + br, 3H+1H), 6.60—6.64 (m, 2H), 6.77-6.81 (m, 2H), 7.21-7.26 (m, 3H), 7.30-7.34 (m, 2H).
B3C NMR (100.5 MHz, CDCls): § 35.39, 46.18, 55.70, 114.58 (2C), 114.83 (2C), 126.33, 128.53
(20), 128.74 (2C), 139.25, 141.76, 152.30.

N-Benzyl-4-methoxyaniline (3s)"

H
N._Ph

MeO :

[Scheme 5: 1a (0.25 mmol), 2d (0.75 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), toluene (1 mL), 120 °C, 20 h] 3s (48.3 mg, 0.226 mmol, 91% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.

Yellow oil. "H NMR (400 MHz, CDCl3): 6 3.74 (s, 3H), 3.78 (br s, 1H), 4.28 (s, 2H), 6.59—
6.63 (m, 2H), 6.76-6.80 (m, 2H), 7.26-7.29 (m, 1H), 7.32-7.39 (m, 4H). *C NMR (100.5 MHz,
CDCl3): 6 49.14, 55.72, 114.01 (2C), 114.81 (2C), 127.10, 127.49 (2C), 128.53 (2C), 139.61,
142.38, 152.08.

N-Ethyl-4-methoxyaniline (3t)"*

H
/©/N\/Me
MeO

[Scheme 5: 1a (0.25 mmol), 2e-HCI (0.75 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (1.5 mmol), CPME (1 mL), 120 °C, 20 h] 3t (29.2 mg, 0.193 mmol, 77% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.

Yellow oil. "H NMR (400 MHz, CDCly): § 1.24 (t, J = 6.8 Hz, 3H), 3.11 (q, J = 7.6 Hz, 2H),
3.31 (br, 1H), 3.75 (s, 3H), 6.57-6.61 (m, 2H), 6.77-6.81 (m, 2H). *C NMR (100.5 MHz, CDCl;):
0 14.95,39.43,55.77, 114.09 (2C), 114.81 (2C), 142.65, 152.00.

N-(2,2-Diethoxyethyl)-4-methoxyaniline (3u)"

H OEt

/©/ N \)\OEt
MeO

[Scheme 5: 1a (0.25 mmol), 2f (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3u (45.3 mg, 0.189 mmol, 76% yield) was
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isolated by silica gel column chromatography with hexane/EtOAc 70:30.

Yellow oil. "H NMR (400 MHz, CDCl;): § 1.24 (t, J = 6.8 Hz, 6H), 3.21 (d, J = 5.6 Hz, 2H),
3.53-3.61 (m, 2H), 3.64 (br s, 1H), 3.69-3.77 (m, 5H), 4.68 (t, J = 5.6 Hz, 1H), 6.60-6.64 (m, 2H),
6.76—6.80 (m, 2H). C NMR (100.5 MHz, CDCl;): 6 15.34 (2C), 47.30, 55.68, 62.31 (2C), 100.95,
114.43 (2C), 114.77 (2C), 142.05, 152.23.

4-Methoxy-/N-(2-morpholinoethyl)aniline 3v)'°

o
MeO K/O

[Scheme 5: 1a (0.25 mmol), 2g (0.375 mmol), [Ni(cod):] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3v (27.0 mg, 0.114 mmol, 46% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 50:50 to 0:100

Pale yellow solids. "H NMR (400 MHz, CDCls): 6 2.47 (br m, 4H), 2.63 (t, J = 6.0 Hz, 2H),
3.13 (t, J = 6.0 Hz, 2H), 3.72 (t, J = 4.4 Hz, 4H), 3.75 (s, 3H), 6.61-6.63 (m, 2H), 6.78-6.80 (m,
2H) (NH proton is missing). *C NMR (100.5 MHz, CDCls): 6 40.87, 53.33 (2C), 55.77, 57.22,
66.92 (2C), 114.17 (2C), 114.81 (2C), 142.68, 152.08.

N-Cyclohexyl-4-methoxyaniline (3w)"*

Bene

[Scheme 5: 1a (0.25 mmol), 2h (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3w (40.8 mg, 0.199 mmol, 80% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.

Yellow oil. "H NMR (400 MHz, CDCl;): § 1.09—1.14 (m, 2H), 1.15-1.28 (m, 1H), 1.29-1.41
(m, 2H), 1.61-1.67 (m, 1H), 1.72—1.77 (m, 2H), 2.02-2.06 (m, 2H), 3.13-3.24 (m, 2H), 3.74 (s, 3H),
6.55-6.59 (m, 2H), 6.75-6.79 (m, 2H). C NMR (100.5 MHz, CDCl;): 6 25.04 (2C), 25.93, 33.57
(2C), 52.71, 55.75, 114.74 (2C), 114.82 (2C), 141.55, 151.75.

N-Benzhydryl-4-methoxyaniline (3x)*

H
jons
Ph
MeO

[Scheme 5: 1a (0.25 mmol), 2i (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3x (56.5 mg, 0.195 mmol, 78% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99:1 to 90:10.

Yellow oil. "H NMR (400 MHz, CDCl3): 6 3.71 (s, 3H), 4.00 (br s, 1H), 5.42 (s, 1H), 6.49—
6.52 (m, 2H), 6.69-6.72 (m, 2H), 7.23-7.27 (m, 2H), 7.29-7.40 (m, 8H). *C NMR (100.5 MHz,
CDCl3): 0 55.63, 63.75, 114.54 (2C), 114.64 (2C), 127.23 (2C), 127.35 (4C), 128.66 (4C), 141.61,
143.14 (20), 152.04.
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N-(4-Methoxyphenyl)adamantan-1-amine (3y)*

O

[Scheme 5: 1a (0.25 mmol), 2j (0.375 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), o-xylene (1 mL), 140 °C, 20 h] 3y (11.3 mg, 0.044 mmol, 18% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 70:30.

White solids. "H NMR (400 MHz, CDCls): ¢ 1.63 (q, J = 12.4 Hz, 6H), 1.74 (d, J = 2.4 Hz,
6H), 2.08 (br s, 3H), 3.77 (s, 3H), 6.74-6.78 (m, 2H), 6.81-6.84 (m, 2H). *C NMR (100.5 MHz,
CDCl3): 0 29.67 (3C), 36.42 (3C), 43.68 (3C), 52.60, 55.43, 113.78 (2C), 124.35 (2C), 138.20,
154.79.

4-Methoxy-N-phenylaniline (3z)'

Bene

[Scheme 5: 1a (0.25 mmol), 2k (0.75 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), toluene (I mL), 120 °C, 20 h] 3z (44.6 mg, 0.224 mmol, 90% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.

White solids. "H NMR (400 MHz, CDCl5): d 3.80 (s, 3H), 5.49 (br s, 1H), 6.81-6.92 (m, 5H),
7.06-7.10 (m, 2H), 7.18-7.24 (m, 2H). *C NMR (100.5 MHz, CDCls): ¢ 55.51, 114.59 (2C),
115.55 (2C), 119.49, 122.14 (2C), 129.26 (2C), 135.63, 145.09, 155.18.

Bis(4-methoxyphenyl)amine (3aa)'®
N
WA

[Scheme 5: 1a (0.25 mmol), 21 (0.75 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), toluene (1 mL), 120 °C, 20 h] 3aa (48.5 mg, 0.212 mmol, 85% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 90:10 to 80:20.

Yellow solids. "H NMR (400 MHz, CDCls): 6 3.78 (s, 6H), 5.28 (br s, 1H), 6.80—6.84 (m, 4H),
6.92-6.96 (m, 4H). *C NMR (100.5 MHz, CDCl;): 6 55.58 (2C), 114.63 (4C), 119.45 (4C), 137.86
(2C), 154.14 (20).

N-(4-Methoxyphenyl)-2,6-dimethylaniline (3ab)"

H Me
0
MeO Me

[Scheme 5: 1a (0.25 mmol), 2m (0.75 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), toluene (1 mL), 120 °C, 20 h] 3ab (32.4 mg, 0.143 mmol, 57% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 95:5 to 85:15.
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Brown solids. "H NMR (400 MHz, CDCls): 6 2.19 (s, 6H), 3.74 (s, 3H), 5.02 (br s, 1H), 6.42—
6.54 (m, 2H), 6.73-6.77 (m, 2H), 7.02-7.05 (m, 1H), 7.10 (d, J = 7.2 Hz, 2H). *C NMR (100.5
MHz, CDCls): 1835 (2C), 55.64, 114.63 (2C), 115.22 (2C), 124.97 (2C), 128.54 (2C), 134.83,
139.19, 140.03, 152.66.

4-((35,4R)-3-((Benzo|d][1,3]dioxol-5-yloxy)methyl)-1-(4-methoxybenzyl)piperidin-4-yl)-/N-octy

N
“nCgH,7
MeO
\©\/ N Ty
|
L

o)

laniline (3ac)

[Scheme 6: 1q (0.25 mmol), 2a (0.75 mmol), [Ni(cod):] (5§ mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), m-xylene (1 mL), 140 °C, 20 h] 3ac (131.2 mg, 0.234 mmol, 94% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 80:20 to 60:40.

Colorless oil. "H NMR (400 MHz, CDCls): J 0.88 (t, J = 6.4 Hz, 3H), 1.22—-1.42 (m, 10H),
1.58 (quint, J = 6.8 Hz, 2H), 1.72-1.88 (m, 2H), 2.00 (t, /= 11.2 Hz, 2H), 2.15-2.24 (m, 1H), 2.30
(td, J=11.6,4.4 Hz, 1H), 2.94 (br d, J= 11.2 Hz, 1H), 3.04 (t, /= 7.2 Hz, 2H), 3.25 (br d, J=10.2
Hz, 1H), 3.43-3.47 (br m, 2H+1H), 3.56-3.61 (m, 2H), 3.79 (s, 3H), 5.84 (s, 2H), 6.11 (dd, J = 8.4,
2.4 Hz, 1H), 6.34 (d, J= 2.4 Hz, 1H), 6.52 (d, J = 8.4 Hz, 2H), 6.60 (d, J= 8.8 Hz, 1H), 6.86 (d, J =
8.4 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H). *C NMR (100.5 MHz, CDCl;):
14.05, 22.59, 27.12, 29.18, 29.34, 29.56, 31.75, 34.34, 41.99, 43.87, 44.08, 53.76, 55.13, 57.69,
62.77, 69.88, 97.96, 100.88, 105.56, 107.68, 112.76 (2C), 113.43 (2C), 128.09 (2C), 130.17, 130.38
(2C), 132.50, 141.23 147.00, 147.94, 154.48, 158.55. IR (ATR): 2925, 2855, 1614, 1512, 1502,
1487, 1466, 1243, 1180, 1037, 816, 753, 733 cm™'. FD-HRMS (m/2): [M]" caled for C35sHysN,Os,
558.34576; found, 558.34764. [a]p** —47.55 (¢ = 1.08, CHCL).

4-((3S,4R)-3-((Benzo|d][1,3]dioxol-5-yloxy)methyl)-1-(4-methoxybenzyl)piperidin-4-yl)-/N-phe

N
“Ph
MeO
\©\/ N ",
|
L
(@)

[Scheme 6: 1q (0.25 mmol), 2k (0.75 mmol), [Ni(cod),] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), m-xylene (1 mL), 140 °C, 20 h] 3ad (121.4 mg, 0.232 mmol, 93% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 80:20 to 50:50.

Pale yellow solids. M.p. 42.4-44.5 °C. '"H NMR (400 MHz, CDCLs): § 1.74-1.91 (m, 2H),
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1.95-2.09 (m, 2H), 2.14-2.26 (m, 1H), 2.37 (td, J = 11.2, 4.4 Hz, 1H), 2.96 (br d, J = 10.8 Hz, 1H),
3.25 (br d, J= 9.2 Hz, 1H), 3.42-3.50 (m, 2H), 3.52-3.63 (m, 2H), 3.77 (s, 3H), 5.67 (s, 1H), 5.82
(s, 2H), 6.11 (dd, J = 8.8, 2.4 Hz, 1H), 6.34 (d, J= 2.4 Hz, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.85-6.90
(m, 3H), 6.94-7.04 (m, 4H), 7.06 (d, J = 8.4 Hz, 2H), 7.18-7.28 (m, 4H). *C NMR (100.5 MHz,
CDCls): 34.22, 41.91, 44.03, 53.66, 55.11, 57.54, 62.71, 69.74, 97.90, 100.89, 105.51, 107.70,
113.45 (2C), 117.29 (2C), 118.08 (2C), 120.51, 128.17 (2C), 129.18 (2C), 130.10, 130.37 (2C),
136.70, 141.27 (1C + 1C), 143.24, 147.96, 154.40, 158.55. IR (ATR): 3397, 2915, 1597, 1512,
1499, 1487, 1466, 1313, 1242, 1178, 1036, 908, 815, 747, 729 cm . FD-HRMS (m/z): [M+H]"
caled for C33H34N,04 522.25186; found, 522.25338. [a]p® —67.42 (¢ = 1.00, CHCI3).

Trans,trans-4-(4-N-octylaminophenyl)-4’-propylbicyclohexyl (3ae)
H

”03”7%H
! Y “nCqH17

[Scheme 6: 1r (0.25 mmol), 2a (0.375 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.375 mmol), toluene (1 mL), 120 °C, 20 h] 3ae (94.0 mg, 0.228 mmol, 91% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99.5:0.5 to 99:1.

White solids. M.p. 146.7-149.1 °C. "H NMR (400 MHz, CDCl3):  0.79—0.90 (m, 8H), 0.91—
1.20 (m, 9H), 1.21-1.50 (m, 14H), 1.59 (t, J = 6.8 Hz, 2H), 1.69-1.94 (m, 8H), 2.33 (brt,J=11.6
Hz, 1H), 3.06 (t, J = 7.6 Hz, 2H), 3.33 (br, 1H), 6.53 (d, J= 7.6 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H).
3C NMR (100.5 MHz, CDCls): § 14.09, 14.43, 20.04, 22.65, 27.20, 29.28, 29.43, 29.66, 30.10
(2C), 30.45 (2C), 31.83, 33.62 (2C), 34.88 (2C), 37.63, 39.84, 42.94, 43.45, 43.67, 44.25, 112.64
(2C), 127.38 (2C), 136.65, 146.57. IR (ATR): 2914, 2846, 1615, 1519, 1313, 1186, 815, 721 cm ™"
EI-HRMS (m/z): [M]" caled for CaoHyoN, 411.38650; found, 411.38639.

Trans,trans-4-(4-N-phenylaminophenyl)-4’-propylbicyclohexyl (3af)
H
nCsH-, H H
"Ph
H
H

[Scheme 6: 1r (0.25 mmol), 2k (0.75 mmol), [Ni(cod);] (5 mol%), DCYPBz (7.5 mol%),
NaOrBu (0.75 mmol), toluene (I mL), 120 °C, 20 h] 3af (80.2 mg, 0.213 mmol, 85% yield) was
isolated by silica gel column chromatography with hexane/EtOAc 99.5:0.5 to 99:1.

White solids. M.p. 130.9—-133.2 °C. "H NMR (400 MHz, CDCl;): § 0.82-0.91 (m, 5H), 0.95—
1.08 (m, 3H), 1.09-1.21 (m, 6H), 1.26-1.44 (m, 4H), 1.72—1.78 (m, 4H), 1.80-1.87 (m, 2H), 1.91
(br d, J=12.4 Hz, 2H), 2.40 (tt, J = 11.6, 3.2 Hz, 1H), 5.62 (s, 1H), 6.88 (t, /= 7.2 Hz, 1H), 7.01-
7.03 (m, 4H), 7.11 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 7.2 Hz, 2H). *C NMR (100.5 MHz, CDCl;):
14.43, 20.04, 30.08 (2C), 30.38 (2C), 33.60 (2C), 34.73 (2C), 37.61, 39.82, 42.90, 43.41, 43.91,
116.96 (2C), 118.49 (2C), 120.28, 127.53 (2C), 129.25 (2C), 140.56, 141.07, 143.74. IR (ATR):
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2913, 2847, 1597, 1513, 1177, 1029, 934, 746 cm'. EI-HRMS (m/z): [M]" calcd for Co7HyN
375.29260; found, 375.29226.

7. References

1

10

11

12

13

14

15
16

17

18

19

(a) K. Motokura, D. Kashiwame, N. Takahashi, A. Miyaji and T. Baba, Chem. Eur. J., 2013,
19, 10030-10037; (b) R. Takise, K. Muto, J. Yamaguchi and K. Itami, Angew. Chem., Int. Ed.,
2014, 53, 6791-6794.
M. J. Overett, K. Blann, A. Bollmann, R. de Villiers, J. T. Dixon, E. Killian, M. C. Maumela,
H. Maumela, D. S. McGuinness, D. H. Morgan, A. Rucklidge and A. M. Z. Slawin, J. Mol.
Catal. A: Chem., 2008, 283, 114-119.
F. A. Hart, J. Chem. Soc., 1960, 3324-3328.
T. Iwai, T. Harada, H. Shimada, K. Asano and M. Sawamura, ACS Catal., 2017, 7, 1681—
1692.
T. Niwa, H. Ochiai, Y. Watanabe and T. Hosoya, J. Am. Chem. Soc., 2015, 137, 14313—
14318.
X.-W. Liu, J. Echavarren, C. Zarate and R. Martin, J. Am. Chem. Soc., 2015, 137, 12470—
12473.
J. M. A. Miguez, L. A. Adrio, A Sousa-Pedrares, J. M. Vila and K. K. Hii, J. Org. Chem.,
2007, 72, 7771-7774.
J. A. Greenberg and T. Sammakia, J. Org. Chem., 2017, 82, 3245-3251.
T. Ogata and J. F. Hartwig, J. Am. Chem. Soc., 2008, 130, 13848—13849.
Z. Chen, H. Zeng, S. A. Girard, F. Wang, N. Chen and C.-J. Li, Angew. Chem., Int. Ed., 2015,
54, 14487-14491.
H.-Y. Kuo, B.-S. Liao and S.-T. Liu, Synthesis, 2013, 45, 189—-192.
C. M. Lavoie, P. M. MacQueen, N. L. Rotta-Loria, R. S. Sawatzky, A. Borzenko, A. J.
Chisholm, B. K. V. Hargreaves, R. McDonald, M. J. Ferguson and M. Stradiotto, Nature
Commun., 2016, 7, 11073.
B. P. Fors, N. R. Davis and S. L. Buchwald, J. Am. Chem. Soc., 2009, 131, 5766-5768.
J. R. Cabrero-Antonino, E. Alberico, K. Junge, H. Jungea and M. Beller, Chem. Sci., 2016, 7,
3432-3442.
M.-Q. Jia and S.-L. You, Chem. Commun., 2012, 48, 6363—6365.
J. P. Wolfe, H. Tomori, J. P. Sadighi, J. Yin and S. L. Buchwald, J. Org. Chem., 2000, 65,
1158-1174.
S. S. Kampmann, A. N. Sobolev, G. A. Koutsantonis and S. G. Stewart, Adv. Synth. Catal.,
2014, 356, 1967-1973.
L. L. Hill, L. R. Moore, R. Huang, R. Craciun, A. J. Vincent, D. A. Dixon, J. Chou, C. J.
Woltermann and K. H. Shaughnessy, J. Org. Chem., 2006, 71, 5117-5125.
C. Desmarets, R. Schneider and Y. Fort, J. Org. Chem., 2002, 67, 3029-3036.

S18



L0°0T

L6 -

—-

4.0

5.0

6.0

S9T'L

RIS wTL
00€°L
90¢°L

=—7yI¢L
€8Y'L

68Y°L
L6Y'L
Y0S'L
CIs'L

8.0

9.0

8000~
S 7~~0000-

X : ppm : Proton

'H NMR spectrum of DCYPBz in CDCl;

S19



5o 30 B 310 330 30 300

it a6 s T T3 3] T

X ppm: Carbonl3

FTPTY SN ¥ , "
A ¥ W ¥ W

wpniirehovaid P TR W YT SR SO
Ll Wbty Akl u Yy

o

T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 -10.0

N
e

144.448

132.644——

127.438
0,011

144371
144305

X :ppm : Carbonl3

PC NMR spectrum of DCYPBz in CDCl;

S20



-13.955

X : ppm : Phosphorus31

*'P NMR spectrum of DCYPBz in CDCl;

S21



5.15

2.09
2.03
2.00

—2.12

yyyyyyyyyyy

091
0.97

o sgrnmegss ozw 2

r/ A

1.00

|l

o

T
9.0

X : ppm : Proton

AN A A /”\ \

mmmmmmmmmmmmmmmmm
mmmmmmmmmmmmm
AANANN—= === R LY o0 =<

ooooooooooooooooo

@ |
IS

'"H NMR spectrum of 1q in CDCl;

!
=3

=

2,086\ =

2.057
2.030
1.796

\

17877

) VWOV Oo VN O
— @M n— ©n
e NI T Ny S
o cAenen nen ol

2.471
2.458
2.442
2.431

X
7

0.070
0.008
0.000
-0.008

S22



MeO

e

110.0

-10.0

90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

100.0

180.0 170.0 160.0 150.0 140.0 130.0 120.0

190.0

—— 0200

R 4 1 4%

€Ty
——890'%¥

__0¥9°es
— €ETSS
—9T¥'LS

—9€L'T9

—€65°69

9L9'9L
L 000'LL

N\SIeLL

——8T6°L6
—LTo'1ot

——0L¥’S01
—8LL'LOT

LTSELL

- .
—_soTstt

TONSIPSTT

£€9L°8C1

_Lovsrsa
—680°0€T
Nzerosl

__S6L6El
— PP Ivl

—— 190°8%1

—PoEPSI

_¥59°8S1
——807°091
—0¥9°291

X : ppm : Carbonl3

BC NMR spectrum of 1q in CDCl;

S23



N~
I
©
Q
<
/
I=
o
(O]
=
80°¢
(N
-
66'1
00°¢
-
00
86’1 )

1.0

2.0

3.0

4.0

5.0

6.0

<
=

8.0

9.0

__9¢0€
jmmo.m

1L0°€
_seee

—LyLE

6559
8959
LS9
6859
1659
0099
19L9

0LL'9
Norw.c

%33
619

——09T°L

X : ppm : Proton

'"H NMR spectrum of 3a in CDCl;

S24



N
nCBH17
MeO
R B T on n W v T

T T T T T T T T T T T T T T T T T T T T T
200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0

Ll S A L L sy L

o () ol v S K=" 0 = SwVvaAaln v (=

? © % 9 39 & £ Rewa=e =

X :ppm : Carbonl3

BC NMR spectrum of 3a in CDCl;
S25



~nCgH17

I=

LT01L

y1'e

86’1
gcpn

L6'1
A

Fo

1.0

2.0

3.0

4.0

5.0

9.0

— 0000~

6L0'E
—160°¢

TN\sIre

—68¢°¢

X : ppm : Proton

'"H NMR spectrum of 3b in CDCl;

S26



ZT

“nCgHy7

330 310 300 230 280 270

31806

X ppim Carbonl 3

— A

T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.

e

77.000
76.676
43.944—

77315\

129.173 7
116.998 —
112.621

=3
S

@ = S e ey s Y Aame
% — A=l
% [N S RS KR

X : ppm : Carbonl3

BC NMR spectrum of 3b in CDCl;

S27



M

$6'T v
-
0T
56T
00T
L
N~
u.nl €60
«©
(@)
[
/
Ir=z
(0]
=
00T
86'T

A

Fo

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

— 0000~

—€€TT

$50°€
—s0¢
N\260°€

N

s
T~ €E¥S9

1L6'9
1669

X : ppm : Proton

"H NMR spectrum of 3¢ in CDCl;

S28



ZT

Me

WMWWWWWWMMWWWWWWWWWWWWWWWW

|
[

P ———

T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 10.0
k=) (=3 oo — o W < O N — AN \o —
e w N ©“ — O 00 <t O 00— ) [~ <t 0 (=)
a ° = % n3SS b T A—=Sn S
o N = (o] o~ 0~ O < —_— AN <

X : ppm : Carbonl3

BC NMR spectrum of 3¢ in CDCl;

S29



“nCgHy7

Ir=z

Ph

88'L

9€Y

86'1

— =
— =

i

1.0

2.0

3.0

4.0

5.0

6.0

7.0

9.0

60070~

—00L'€

X : ppm : Proton

'"H NMR spectrum of 3d in CDCl;

S30



ZT

~nCgHi7

Ph

310 1300 1200 1280 1270 1260 1250

|

127848

126179
0

X : ppm : Carbonl 3 g &

L
[

i A A Sy RTRPTUPRUNW, VI WPTIVRPRVITUIN WEHVRE 1 I AR WUBPRPRPS

T T T T T T T T T T T T
110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0

=
=3
=Y
Iy
8]
=Y
IS
<k
=Y

19‘00 18‘00 1760 16&10 15‘(10
AN o | LAy L
s & Z53°S 8 ase B saagce 2
§ = SEREEE o ERE g maaass =

X : ppm : Carbonl3

C NMR spectrum of 3d in CDCl;

S31



€01

48

“nCgHy7

Ir=

MezN

i

Fo

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

— 0000~

899
=099
_—6TL9
TN0SL9

— PETL

X : ppm : Proton

"H NMR spectrum of 3e in CDCl;

S32



ZT

MezN

5
|
|

s A

T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 10.0
< 0 g =N=) 0 o S0 onalaln o
=2 v N =N o~ - 0 — O N 00 — o~
Q= = Moo S A R <
o o— v <t o~~~ o v —_ A~ <
T2 o= NN R ~2338A X

X : ppm : Carbonl3

C NMR spectrum of 3e in CDCl;
S33



nCgHy7

N

I

iPrsSio

69°L1

66'1

00T

10C

W

_—
S T~0000

T

2.0
— X O
N N0~
nAa AN

3.0
I
3
-

—P6T¢

4.0

5.0

<
©

S8+°9

06¥'9
2089
9059

k\i?
=<9
J/RB

1519

—19TL

<
=

8.0

9.0

8000~

X : ppm : Proton

'H NMR spectrum of 3f in CDCl;

S34



ZT

\n08H17

iPrsSio

Eif) 336 3G 300 390 £ 0 %0

31816

X: ppm: Carbonl 3

TR T W RRPTING | il NIRRT i T TIPS TN Y TR Jh n A m d A " [T A T TR A T A b i m P 'HMMWWWMWMWM
ey ot o e W Mty o Py e v ! ¥
T T T T T T T T T T T T T T T T T T T T

190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0
(=2 o <t vy OO <t O oA — O en < —
% < v o~ —_3 = O —— W= —~ O
S % “ = 39 > BT AaS & Sn
o~ ol =3 o o~~~ o <+ — AN~ o~ <+

X : ppm : Carbonl3

BC NMR spectrum of 3f in CDCl;

S35



“nCgH17

Ir=

€rol

$0°¢

00T

£6°0

10°¢

Fo

1.0

2.0

3.0

4.0

5.0

6.0

<
=

8.0

9.0

j 991
999'1

—PLI'T

__oure
jm:,m

LSTE
— L€

—LTLE

°0¢9

S0€9
60€°9
TIg9
09'9
L ov99
2999

8999
1€8°9

/omw.o
€769
/ 1569
L
/ L

6ST'L

X : ppm : Proton

'"H NMR spectrum of 3g in CDCl;

S36



I

N\
(/t©/ nCgH47
N

o

P Wi s A o

-10.0

p£9°TT
897'L2
09762
K 15¥'6¢
< s016¢
—908IE
—~69LTE

-

— LOS'SY

$89'9L
L 000'LL

NIl

— L8S'66
—01¥cot

—§89°601
—T6L'IIL

__96978¢C1
——697°6C1
T SLTTET

——69¢Trl

X : ppm : Carbonl3

BC NMR spectrum of 3g in CDCl;

S37



~nCgH17

Ir=z

19°01

00T

L

L

0T

.

1.0

4.0

5.0

6.0

8.0

9.0

ore
otre
N\Lere

——089°¢

X : ppm : Proton

'"H NMR spectrum of 3h in CDCl;

S38



300 250
X ppm: Carbonl3 ana

1276 1260

128906

137411

X ppm: Carbon! 3 X ppm: Carbonl 3

I
|
|

s arosl i AHAR A AN

T T T T T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0
L L L b_ «%L /q\m\o <r/ ‘o\m L L &m\m L
o ol o~ T — O chon O v < O o O o <t —_0 O 0 Wn W (=]
29 & ITRTCR <& B a8¥ X $RIJZE =
oo o~ 0~ 0~ 00 [~~~ i ol 0~~~ O [aa} —_ o~ <t
ce 5 2o8888 e REE < mAAARE 2

X :ppm : Carbonl3

BC NMR spectrum of 3h in CDCl;

S39



owo

NH
\”08H17

HN

9T'LT

3.0

00'%

4.0

5.0

~

=)
[w :
bl i

8.0

——£09°¢

0€9'9
TS99

sTL
—esslL
=ustL

X : ppm : Proton

"H NMR spectrum of 3h’ in CDCl;

S40



nCgHy \nCsHﬂ

7

T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0
IS} o n ) n oo < Ot noOam =]
=3 = v = < — =Ko =
< X < < RN - R T A= =
[N S = o =g < — R <
1" « S - ~ -~ A S IS IS o o} —

X : ppm : Carbonl3

BCNMR spectrum of 3h’ in CDCl;

S41



w's

Ir=z

Et,N

-

Lo — 0000

698°0

1880
\82
6511
LIl
\m@:
8Tl

— vt
=\L0€T
NI
_ 61
1191

679’1

1.0

2.0

—— 6861

3.0

__680°€
jwo_.m
sere
e
= 9¢p'e

—P98°¢

4.0

5.0

6.0

9€6°9
8559

7.0

seTL
<istL

Nt

8.0

9.0

X : ppm : Proton

'H NMR spectrum of 3j in CDCl;

S42



ZT

~nCgH47
Et,N

300 20

To0H203 1301 1200 1259 1288 1257 1256 1283 1254 1253 1283 125.1 1280 1279 1278 1277 1276 1273 1274

20,184

128410
128315

X: ppim Carbonl 3
X ppm: Carbonl 3 "

1 W L W

T
20.0 10.0 0 -10.0

——

T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0
o = S n < - o v N NI~ <t 0 O o
(=3 wy — = =3 — O 00 — 00 T Ny O wv ol
2 @ TS 2 S5 5 5 Sn=S S
—_— (=} 00 00 ) — o~ ~ o on o — A~ AN <t n

X : ppm : Carbonl3

BC NMR spectrum of 3j in CDCl;

S43



10.20

891

1.99

2.00

3.04

T

ZT

\nCBH17
BuO

9.0

X : ppm : Proton

mmmmm

ooooo

/“/%/A\ /\\

mmmmmmmmm
hhhhhhhhhhhhh

4.064

~~~~~~~~~~~~~~

'"H NMR spectrum of 3k in CDCl;

-0.000— = —

S44



\nCBH17

I=

BuO

s¥T8c

WWLWWWMMWWWWW —————— mewmwwmwwww

-10.0

re

2
re
Q

2
ro
@

T
40.0

—290v1

S19°ce
6£0°LT

\ 887'8T
61°62
LN 0LT6T
81£°6C
_ssLIE

—TLeey

TN\869°6L

4t

— 198611

—LLTiet

—IsList

—— 981991

X : ppm : Carbonl3

BC NMR spectrum of 3k in CDCl;

S45



HN—nC8H17

HN_nC8H17

8¥°0C

9

I

L]l

cyc
o8¢

_______

1.0

2.0

.0

3

5.0

6.0

7.0

8.0

9.0

X : ppm : Proton

'"H NMR spectrum of 31 in CDCl,

S46



HN—nC8H17

HN_nC8H17

T T T T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
— (=) o o T o v — Ao = (=
(=3 =4 < [ o O o (=3 AT A~ O v —
= * n ® e S ®e T ARG =
(=) (=) o o ~ =~ O <t — A <t

X : ppm : Carbonl3

BC NMR spectrum of 31 in CDCl;
S47



L¥'01

€0°¢

“nCgHy7

I=

3

1.0

2.0

3.0

4.0

5.0

6.0

7.0

)

8.0

9.0

8000~

yTre
Kmi.m
TN6STE

—SEv'E

86579
099
N

8599
LEOL
bS0'L
boI'L
%wo:

veIL
hIL
8STL

=

X : ppm : Proton

'"H NMR spectrum of 3m in CDCl;

S48



~nCgHy7

Ir=

Me

300

i

A A A T

180.0

-20.0

-10.0

—00I'v1

—LE¥'LT
w99°cT

estie
\ 0LT6T
\ et
L siset
sl

20.0

2
S
)

40.0

— R

60.0 50.0

70.0

$89'9L
—000'LL

DN

90.0 80.0

100.0

—1ss'601

110.0

—65S911

120.0

—cooiect

—§60°LTL
——Ss6'6Tl

130.0

140.0

—SPEIPL

160.0 150.0

170.0

210.0 200.0 190.0

220.0
X : ppm : Carbonl3

BC NMR spectrum of 3m in CDCl;

S49



\n08H17

I=

80'8

Fo

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

— 0000

1ee
e
N\opre

—ELTY

X : ppm : Proton

'"H NMR spectrum of 3n in CDCl;

S50



~
T
o]
Q
C

/ %

= 3

>

2

I

3

-10.0

o — 0200

—0IT'vl

Q w99t
- PreLT
0LT'6T

VN £0t'6C

2 1s¥°6C

o CT8IE

p—l e

9L9°9L
—~000°LL
o \SIELL

:

——L60¥01

656911
o YEL6TT
rs \QN.MQ
1Szl
“wwnmﬁ
—_L£99T1
— 119821

—IPTPEl

—— 065Vl

X : ppm : Carbonl3

BC NMR spectrum of 3n in CDCl;

S51



\nC8H17

I=

A

1701

IE

0T

Fo

1.0

3.0

5.0

— 0000

——soL’e

X : ppm : Proton

'"H NMR spectrum of 30 in CDCl;

S52



ZT

N “nCgHy7

2,184

X: ppm: Carbonl3

Y e e

T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0
ol —_—— < [=)) <t o wv < s B [5a)
v o~ ol ) N o [5a) TNl v
I AN e = nSg " Em=gS N S
< sl o oo ~ =~ O [aa] — A A <

X : ppm : Carbonl3

BC NMR spectrum of 30 in CDCl;

S53



wL8Tl

_

sT8

-nCgHy7

ZT

P

T

00°1
\

e ——=0000
TONIL00

£98°0
\ 088°0
/L6380
=—6£60
Nss60

€LT1
88t

=L

AN LEET
NN LseT
€LET
¥6¢'1
6071

L6S'1
191
£€9°'1

1.0

3.0

60T€
_otee
S-sree

65T€

A

5.0

£5¢€9

Kv»mb

6759
S prs9
%33

6559

7.0

997'L
\ PSE'L
\%S

90b'L
60'L
/23
Lev'L
1€0'8
o \ 90’8
= 1908
LL08
6L0°8

60070~

X : ppm : Proton

'"H NMR spectrum of 3p in CDCl;

S54



@
N 8" 117

T

by Bl A Mt A R Mwwwwwwwwwwwww

T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 10.0
o <+ < v o <t o wv Nl - 00 [~ €N 00 <+ —
- — < <t lag] o O o el 0 —cn ot ol f=)
o a « e o n3g ! SinmaSe 2
o0 = o~ o o ~ - O o — A=A <

X : ppm : Carbonl3

BC NMR spectrum of 3p in CDCl;

S55



.

66'
007
W 660
2 —
I=z
102
e _J
w 0.0 R
= f
00°€
ik
L
0T
(S

2.0

3.0

4.0

5.0

6.0

<

8.0

9.0

800°0-
Lo ~Z0000-
- \800'0

S€6°0
1560

€Ly
\ 06b'1
ser1
=lo1s1
8Ts'l
/@f
6L9'1
69’1
€101
6TL'1
oLl

$50°€
—s0¢
N\260°€

—L9¢¢

—8¥L'E

L95°9
9LS9
859
659
8659
L09°9
Y9L'9

xmtd
£ 8119
/%3

S6L9

—6STL

X : ppm : Proton

'"H NMR spectrum of 3q in CDCl;
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BC NMR spectrum of 3r in CDCl;
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'"H NMR spectrum of 3s in CDCl,
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'H NMR spectrum of 3t in CDCl;
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BC NMR spectrum of 3t in CDCl;
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'"H NMR spectrum of 3u in CDCl;
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X : ppm : Carbonl3

C NMR spectrum of 3u in CDCl;
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C NMR spectrum of 3w in CDCl;
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BC NMR spectrum of 3x in CDCl;
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'"H NMR spectrum of 3z in CDCl;
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X : ppm : Carbonl3

BC NMR spectrum of 3z in CDCl;
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'"H NMR spectrum of 3aa in CDCl;
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"H NMR spectrum of 3ab in CDCl;
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X : ppm : Carbonl3

BCNMR spectrum of 3ab in CDCl;
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BC NMR spectrum of 3ac in CDCl;
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'"H NMR spectrum of 3ad in CDCl;
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X : ppm : Carbonl3

BCNMR spectrum of 3ad in CDCl;
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'"H NMR spectrum of 3ae in CDCl,
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X : ppm : Carbonl3

BC NMR spectrum of 3ae in CDCl;
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'"H NMR spectrum of 3af in CDCl,
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BC NMR spectrum of 3af in CDCl;
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