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1. General Information

Reactions were monitored by TLC on silica gel plates (GF254), and the analytical thin-layer
chromatography (TLC) was performed on precoated, glass-backed silica gel plates. Commercially
available materials were used as purchased. '"H and '*C NMR spectra were recorded on Bruker
AV400 (400 MHz) spectrometers. Chemical shifts were recorded in parts per million (ppm, d)
relative to tetramethylsilane (& 0.00) or chloroform (8 = 7.26, singlet). NMR splitting patterns are
designated as singlet (s), doublet (d), triplet (t), quartet (q), dd (doublet of doublets), m (multiplets),
etc. All first-order splitting patterns were assigned on the basis of the appearance of the multiplet.
Splitting patterns that could not be easily interpreted are designated as multiplet (m) or broad (br).
HRMS were recorded on Waters Xevo G2 Q-TOF instrument.
2. Optimization of the Reaction Conditions

2.1 Optimization of the Carbamoylation Reaction Conditions

Table S1 Screening of Copper Salts ¢

o
= JU catalyst, oxidant =
N H™ N - N NHMe
h Me solvent,temperature h
o

o o
6a 7a 8a

Entry Catalyst Oxidant Solvent Temperature Yield ? (%)
1 Cu,0 TBHP DMSO rt 32
2 Cul TBHP DMSO rt 7
3 CuCl TBHP DMSO rt 29
4 Cu(MeCN)4BF, TBHP DMSO rt 63
5 CuOTf TBHP DMSO rt 58
6 CuBr TBHP DMSO rt 85
7 CuCN TBHP DMSO rt 69
8 CuOAc TBHP DMSO rt 33

@ Reaction conditions: 6a (0.2 mmol), 7a (10 equiv), TBHP (5.0-6.0 M in decane) (2 equiv), Cu catalyst (10
mol%), DMSO (1 mL), room temperature; ? Isolated yield.

Table S2 Screening of Oxidants ¢

(0]
N J n catalyst, oxidant =
N NG NHMe
) Me solvent,temperature )

o o O
6a 7a 8a
Entry Catalyst Oxidant Solvent Temperature Yield? (%)
1 CuBr TBHP DMSO rt 85
2 CuBr DTBP DMSO rt 71
3 CuBr BPO DMSO rt 62
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4 CuBr K,S,054 DMSO t trace

5 CuBr Ag,CO; DMSO t trace
6 CuBr PhI(OAc), DMSO rt trace
7 CuBr H,0, DMSO rt 39

8 CuBr 0O, DMSO t trace
9 CuBr air DMSO rt trace

@Reaction conditions: 6a (0.2 mmol), 7a (10 equiv), oxidant (2 equiv), CuBr (10 mol%), DMSO (1 mL), room

temperature; © Isolated yield.

Table S3 Screening of Solvents ¢

o
N ),L H catalyst, oxidant .
st HON NN NHMe
’\\‘ Me solvent,temperature )

o o O
6a 7a 8a
Entry Catalyst Oxidant Solvent Temperature Yield ? (%)
1 CuBr TBHP DMSO rt 85
2 CuBr TBHP EtOAc rt 57
3 CuBr TBHP DCE rt trace
4 CuBr TBHP MeCN rt trace
5 CuBr TBHP toluene rt 50
6 CuBr TBHP EtOH rt trace

@ Reaction conditions: 6a (0.2 mmol), 7a (10 equiv), TBHP (5.0-6.0 M in decane) (2 equiv), CuBr (10 mol%),

solvent (1 mL), room temperature; ® Isolated yield.

2.2 Optimization of the Amination Reaction Conditions

Table S4 Screening of Copper Salts ¢

(0]
m )k Me catalyst, initiator @\/j
NN N7 NMe

\ Me solvent, temperature \
(o) Me
6a 7b 9%a

Entry Catalyst Initiator Solvent Temperature Yield ? (%)
1 CuBr TBHP DMSO rt 11
2 Cul TBHP DMSO rt 50
3 CuCl TBHP DMSO rt trace
4 Cu(MeCN)4BF, TBHP DMSO rt trace
5 CuOTf TBHP DMSO rt trace
6 Cu,O TBHP DMSO rt trace
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7 CuCN TBHP DMSO rt trace
8 CuOAc TBHP DMSO rt trace

@ Reaction conditions: 6a (0.2 mmol), 7b (10 equiv), TBHP (5.0-6.0 M in decane) (0.05 equiv), Cu catalyst (10
mol%), DMSO (1 mL), room temperature; ” Isolated yield.

Table S5 Screening of Initiators ¢

o
m I me catalyst, initiator ©\/j
oo N7 NMe

\ Me solvent, temperature \
o Me
6a 7b %
Entry Catalyst Initiator Solvent Temperature Yield ® (%)
1 Cul TBHP DMSO It 50
2 Cul DTBP DMSO rt 37
3 Cul K,S,054 DMSO rt trace
4 Cul Ag,CO; DMSO rt trace
5 Cul PhI(OAc), DMSO 1t trace
6 Cul H,0, DMSO It 12
7 Cul 0O, DMSO rt trace
8 Cul air DMSO rt trace

@ Reaction conditions: 6a (0.2 mmol), 7b (10 equiv), initiator (0.05 equiv), Cul (10 mol%), DMSO (1 mL), room

temperature; ? Isolated yield.

Table S6 Screening of Solvents “

o
m I me catalyst, initiator ©\/j
oo N7 NMe

\ Me solvent, temperature \
o Me
6a 7b 9%a

Entry Catalyst Initiator Solvent Temperature Yield ? (%)
1 Cul TBHP DMSO It 50
2 Cul TBHP EtOAc rt trace
3 Cul TBHP CH,Cl, rt 67
4 Cul TBHP MeCN 1t trace
6 Cul TBHP toluene It trace
7 Cul TBHP EtOH rt trace

S4



@ Reaction conditions: 6a (0.2 mmol), 7b (10 equiv), TBHP (5.0-6.0 M in decane) (0.05 equiv), Cul (10 mol%),

solvent (1 mL), room temperature; ? Isolated yield.

Table S7 Screening of Temperatures ¢

o}
A )L Me catalyst, oxidant ©\/j
2+ HOON AL M
N Me solvent, temperature N" N ©
o Me
6a 7b 9a

Entry Catalyst Initiator Solvent Temperature Yield ? (%)
1 Cul TBHP CH2C12 rt 67
2 Cul TBHP CH,Cl, 40 °C 73

@ Reaction conditions: 6a (0.2 mmol), 7b (10 equiv), TBHP (5.0-6.0 M in decane) (0.05 equiv), Cul (10 mol%),
CH,Cl, (1 mL); ® Isolated yield.

3. General Procedure and Characterization of Products
3.1 Synthesis of substrates quinoline N-oxide derivatives 6

The substrates quinoline N-oxide derivatives 6 were synthesized according to the

corresponding literatures with minor modifications. '-#

‘ AN R m-CPBA ‘ AN A
R R _ .
SN DCM, 0 °C~RT N*

&
12 6
CHs
+ 2 + + 2 + +
N N N7 N N N” CH,
o CH;z O o o o o
6a, 91% 6b, 81% 6c, 95% 6d, 83% 6e, 92% 6f, 90%
OCH;
N + 2 + + +
W ) X N T N
& o o o o o
69, 87% 6h, 85% 6i, 81% 6j, 83% 6k, 82% 61, 85%
Ph
O,N B Ph_. e
O O LD ™SS
+ N A A
+ - N
2 AL Aoy S oo e
o o O N N L
o o O
6m, 75% 6n, 91% 60, 93% 6p, 76% 69, 75% 6r, 87%

Under vigorous magnetic stirring, 3-chloroperbenzoic acid (m-CPBA) (345 mg, 2 mmol) in
CH,Cl, (10 mL) was dropped into solution of quinoline derivatives 12 (2 mmol) in CH,Cl, (10 mL)
cooled to 0 °C. After the completion of this course, the reaction mixture was allowed up to room
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temperature and stirred overnight. An aqueous solution of saturated NaHCO; was added to the
mixture to neutralize residual m-CPBA. The resulting mixture was extracted with CH,ClI, (3 x 10
mL). The organic phase was combined and washed with saturated NaCl solution (3 x 5 mL). The
organic layer was dried over anhydrous Na,SOy, filtered and evaporated under reduced pressure to
give crude products, which were purified by column chromatography (silica gel 300400 mesh, EA:
MeOH (8:1) as eluent). The products were identified by '"H NMR and '3C NMR spectra and

compared to the previous literatures.

The compound is known  and was prepared according to general procedure 3.1 (yellow oil, 0.26 g,
91% yield): '"H NMR (400 MHz, DMSO-d) 6 (ppm) 8.75 (d, 1H, J= 8 Hz, ArH), 8.55 (d, IH, J=
8 Hz, ArH), 7.89-7.87 (m, 1H, ArH), 7.79-7.75 (m, 2H, ArH), 7.67-7.64 (m, 1H, ArH), 7.33-7.29
(m, 1H, ArH).

X

+_2

N

CH; O
6b

The compound is known ° and was prepared according to general procedure 3.1 (yellow solid, mp.
54 °C, 0.26 g, 81% yield): 'H NMR (400 MHz, DMSO-d;) & (ppm) 8.43 (d, 1H, J = 8 Hz, ArH),
7.87-7.82 (m, 2H, ArH), 7.53-7.45 (m, 2H, ArH), 7.39-7.36 (m, 1H, ArH), 3.07 (s, 3H, CH3).

6c
The compound is known 3 and was prepared according to general procedure 3.1 (yellow solid, mp.
75 °C, 0.30 g, 95% yield): 'H NMR (400 MHz, DMSO-dy) 8 (ppm) 8.59 (d, 1H, J = 8 Hz, ArH),
8.48 (d, 1H, J=8 Hz, ArH), 8.12 (d, 1H, J =4 Hz, ArH), 7.84-7.77 (m, 2H, ArH), 7.33 (d, 1H, J =
4 Hz, ArH), 2.63 (s, 3H, CH3).

H3;C N

+ 2

N

o
6d

The compound is known 3 and was prepared according to general procedure 3.1 (yellow solid, mp.

65 °C, 0.26 g, 83% yield): '"H NMR (400 MHz, DMSO-dy) 8 (ppm) 8.51 (d, 1H, J = 8 Hz, ArH),

8.43 (d, 1H, J= 8 Hz, ArH), 7.84 (s, 1H, ArH), 7.83 (d, 1H, J= 8 Hz, ArH), 7.65 (d, 1H, J= 8 Hz,

ArH), 7.45-7.41 (m, 1H, ArH), 3.33 (s, 3H, CH3).
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The compound is known ¢ and was prepared according to general procedure 3.1 (yellow solid, mp.
52°C, 0.29 g, 92% yield): '"H NMR (400 MHz, DMSO-dy) & (ppm) 8.55 (s, 1H, ArH), 8.50 (d, 1H,
J=8Hz, ArH), 7.97 (d, 1H, J = 8 Hz, ArH), 7.77-7.67 (m, 3H, ArH), 2.41 (s, 3H, CHs).

X
+_
N CH

o
6f

The compound is known ¢ and was prepared according to general procedure 3.1 (yellow solid, mp.

70 °C, 0.29 g, 90% yield): 'H NMR (400 MHz, DMSO-d;) & (ppm) 8.56 (d, 1H, J = 8 Hz, ArH),

8.05 (d, 1H, J = 8 Hz, ArH), 7.86-7.78 (m, 2H, ArH), 7.70-7.66 (m, 1H, ArH), 7.59-7.57 (m, 1H,

ArH), 2.58 (s, 3H, CH3).

OCH,

The compound is known 7 and was prepared according to general procedure 3.1 (yellow solid, mp.
101 °C, 0.30 g, 87% yield): '"H NMR (400 MHz, DMSO-dy) & (ppm) 8.58 (d, 1H, J = 4 Hz, ArH),
8.08 (d, 1H, J= 8 Hz, ArH), 8.02 (d, 1H, J = 8 Hz, ArH), 7.75-7.73 (m, 1H, ArH), 7.44-7.40 (m,
1H, ArH), 7.21 (d, 1H, J= 4 Hz, ArH), 4.02 (s, 3H, OCHj;).

H3CO N

+_ 2

&
6h
The compound is known ° and was prepared according to general procedure 3.1 (yellow solid, mp.
89 °C, 0.30 g, 85% yield): 'H NMR (400 MHz, DMSO-dy) & (ppm) 8.45-8.41 (m, 2H, ArH), 7.82

(d, 1H, J= 8 Hz, ArH), 7.50 (d, 1H, J = 4 Hz, ArH), 7.44-7.40 (m, 2H, ArH), 3.92 (s, 3H, OCH).
F

6i
The compound is known 3 and was prepared according to general procedure 3.1 (yellow solid, mp.
109 °C, 0.26 g, 81% yield): '"H NMR (400 MHz, DMSO-d;) 8 (ppm) 8.80-8.76 (m, 1H, ArH), 8.49
(d, 1H, J =4 Hz, ArH), 7.68 (d, 1H, J = 8 Hz, ArH), 7.54-7.49 (m, 2H, ArH), 7.35-7.28 (m, 1H,
ArH).
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Cl

6j
The compound is known ° and was prepared according to general procedure 3.1 (yellow solid, mp.
123 °C, 0.30 g, 83% yield): '"H NMR (400 MHz, DMSO-dy) & (ppm) 8.61 (d, 1H, J= 4 Hz, ArH),
8.53 (d, 1H, J = 8 Hz, ArH), 8.26 (s, 1H, ArH), 7.92-7.89 (m, 1H, ArH), 7.84 (d, 1H, J =4 Hz,
ArH), 7.55-7.52 (m, 1H, ArH).

X
+ 2
Br N

(')_
6k
The compound is known ® and was prepared according to general procedure 3.1 (yellow solid, mp.
142 °C, 0.37 g, 82% yield): '"H NMR (400 MHz, DMSO-dy) & (ppm) 8.69 (s, 1H, ArH), 8.63 (d, 1H,
J =4 Hz, ArH), 8.08 (d, 1H, J = 8 Hz, ArH), 7.97 (d, 1H, J = 8 Hz, ArH), 7.92 (d, 1H, J =4 Hz,
ArH), 7.55-7.51 (m, 1H, ArH).

\Br

+_ 2
|
o
6l
The compound is known ° and was prepared according to general procedure 3.1 (yellow solid, mp.
106 °C, 0.38 g, 85% yield): 'H NMR (400 MHz, DMSO-dy) & (ppm) 8.66 (s, 1H, ArH), 8.48 (d, 1H,
J=8 Hz, ArH), 8.29 (s, 1H, ArH), 8.05 (d, 1H, J = 8 Hz, ArH), 7.87-7.76 (m, 2H, ArH).

O,N N

+ 2

N

|
o
6m

The compound is known 3 and was prepared according to general procedure 3.1 (yellow solid, mp.
228 °C, 0.29 g, 75% yield): 'H NMR (400 MHz, DMSO-dy) & (ppm) 9.16 (d, 1H, J = 4 Hz, ArH),
8.78-8.70 (m, 2H, ArH), 8.50 (d, 1H, J =4 Hz, ArH), 8.24 (d, 1H, J = 8 Hz, ArH), 7.69-7.65 (m,
1H, ArH).

Ph N

6n

The compound is known 7 and was prepared according to general procedure 3.1 (yellow solid, mp.
121°C, 0.40 g, 91% yield): 'H NMR (400 MHz, DMSO-d;) & (ppm) 9.00 (s, 1H, ArH), 8.57 (d, 1H,
J=4Hz, ArH), 7.93 (s, 2H, ArH), 7.80-7.75 (m, 3H, ArH), 7.53-7.49 (m, 2H, ArH), 7.45-7.41 (m,

1H, ArH), 7.31-7.27 (m, 1H, ArH).
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X

+ 2
N
o

The compound is known ° and was prepared according to general procedure 3.1 (yellow solid, mp.

60

95 °C, 0.36 g, 93% yield): 'H NMR (400 MHz, DMSO-dy) & (ppm) 10.87-10.85 (m, 1H, ArH), 8.68
(d, 1H, J = 8 Hz, ArH), 7.96-7.93 (m, 1H, ArH), 7.92-7.88 (m, 1H, ArH), 7.82-7.76 (m, 3H, ArH),
7.67 (d, 1H, J = 8 Hz, ArH), 7.44-7.40 (m, 1H, ArH).

MeO,C N

N7

I
o
6p

The compound is known ¢ and was prepared according to general procedure 3.1 (yellow solid, mp.
139 °C, 0.31 g, 76% yield): '"H NMR (400 MHz, DMSO-dj) 8 (ppm) 8.78 (s, 1H, ArH), 8.71-8.70
(m, 1H, ArH), 8.64-8.61 (m, 1H, ArH), 8.26-8.24 (m, 1H, ArH), 8.16-8.14 (m, 1H, ArH), 7.60-7.56
(m, 1H, ArH), 3.95 (s, 3H, OCH3).

6q
The compound is known ' and was prepared according to general procedure 3.1 (yellow solid, mp.
138 °C, 0.37 g, 75% yield): '"H NMR (400 MHz, DMSO-dy) 6 (ppm) 8.74 (d, 1H, J = 12 Hz, ArH),
8.48 (d, 1H, J = 8 Hz, ArH), 8.01-7.99 (m, 1H, ArH), 7.85 (s, 1H, ArH), 7.73 (d, 1H, J =12 Hgz,
ArH), 7.58-7.56 (m, 2H, ArH), 7.42-7.39 (m, 2H, ArH), 7.34-7.25 (m, 4H, ArH+2CH).

6r

The compound is known !! and was prepared according to general procedure 3.1 (yellow solid, mp.
128 °C, 0.43 g, 87% yield): '"H NMR (400 MHz, DMSO-dy) & (ppm) 8.63 (d, 1H, J= 4 Hz, ArH),
8.56 (d, 1H, J = 8 Hz, ArH), 8.36 (s, 1H, ArH), 7.97-7.92 (m, 2H, ArH), 7.65-7.64 (m, 2H, ArH),
7.55-7.49 (m, 4H, ArH).
3.2 General procedure for the copper-catalyzed carbamoylation of quinoline N-oxide
CuBr (10 mol%)
RS NN N HXN’RZ TBHP (2 equiv) Rif XX 32

7N R DMS0,60°C N R

o o

o)
6 7 8

To a reaction tube were added quinoline N—oxides 6 (0.2 mmol) and formamide 7 (10

equiv), CuBr (10 mol %), TBHP (5.0-6.0 M in decane) (2 equiv) and DMSO (1 mL). Then the
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tube was charged with air, and was stirred at 60 °C until complete consumption of starting
material as monitored by TLC and GC-MS analysis. After the reaction was finished, the
reaction mixture was washed with brine. The aqueous phase was re—extracted with ethyl
acetate. The combined organic extracts were dried over Na,SO,, concentrated in vacuum, and
the resulting residue was purified by silica gel column chromatography to afford the desired
quinoline—N—oxide—2—carboxamides 8.

X
N NHMe
|

O O
8a

The compound is known'? and was prepared according to general procedure 3.2 (yellow oil, 36
mg, 91% yield): "H NMR (400 MHz, CDCl3) 6 (ppm) 11.45 (s, 1H, NH), 8.79 (d, 1H, /=8 Hz,
ArH), 8.44 (d, 1H,J= 12 Hz, ArH), 7.91 (d, 1H, /=8 Hz, ArH), 7.87-7.81 (m, 2H, ArH), 7.74—
7.70 (m, 1H, ArH), 3.12 (d, 3H, J = 4 Hz, CH;); *C NMR (100 MHz, CDCls) & (ppm) 161.2,

131.1, 130.7, 129.8, 128.2, 126.5, 122.7, 120.2, 26.3.

X

H
NS
| —

CH; O O
8b

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8b (yellow oil, 36 mg, 85%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.37 (s, 1H, NH), 8.35 (d, 1H, J = 8 Hz, ArH),
7.74 (d, 1H, J =12 Hz, ArH), 7.69-7.67(m, 1H, ArH), 7.53-7.48 (m, 2H, ArH), 3.17 (s, 3H,
CH;), 3.09 (d, 3H, J= 8 Hz, CH3 ); 3C NMR (100 MHz, CDCl3) 8 (ppm) 161.6, 141.7, 138.4,
134.3, 132.6, 129.2, 126.9, 126.7, 122.6, 26.2, 25.7; HRMS (ESI-Q-TOF) exact mass calcd

for C,H;3N,0, [M + H]" 217.0977, found 217.0994.

CHj3

8c

The compound is known'? and was prepared according to general procedure 3.2 (yellow oil, 39
mg, 90% yield): "H NMR (400 MHz, CDCl3) 6 (ppm) 11.60 (s, 1H, NH), 8.43 (d, 1H, /=8 Hz,
ArH), 8.26 (s, 1H, ArH), 8.01 (d, 1H, J= 8 Hz, ArH), 7.85-7.81 (m, 1H, ArH), 7.77-7.73 (m,

1H, ArH), 3.11 (d, 3H, J = 4 Hz, CH3), 2.72 (s, 3H, CHs); 3C NMR (100 MHz, CDCl3) & (ppm)
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161.3, 141.3, 136.6, 135.2, 130.7, 130.3, 129.5, 124.8, 122.8, 120.6, 26.3, 18.4.

HsC N
H
+ N

N
I

~

(6]
8d

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8d (yellow oil, 39 mg, 92%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.50 (s, 1H, NH), 8.65 (d, 1H, J = 8 Hz, ArH),
8.38 (d, 1H, /=8 Hz, ArH), 7.75 (d, 1H, J = 8 Hz, ArH), 7.65-7.63 (m, 2H, ArH), 3.10 (d, 3H,
J =8 Hz, CHj;), 2.56 (s, 3H, CHj;); *C NMR (100 MHz, CDCl3) & (ppm) 161.3, 140.3, 136.8,
133.3, 130.9, 127.1, 126.0, 122.7, 119.9, 26.3, 21.5; HRMS (ESI-Q-TOF) exact mass calcd

for C,H;3N,0, [M + H]" 217.0977, found 217.0959.

OCHs

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8e (yellow solid, mp. 171 °C, 39
mg, 85% yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.50 (s, 1H, NH), 8.38 (d, 1H, J=8 Hz,
ArH), 8.32 (d, 1H, J= 12 Hz, ArH), 8.24 (d, 1H, J= 8 Hz, ArH), 7.74-7.70 (m, 1H, ArH), 7.02
(d, 1H, J = 8 Hz, ArH), 4.04 (s, 3H, OCHjy), 3.11 (d, 3H, J= 4 Hz, CHj;); *C NMR (100 MHz,
CDCl;) 6 (ppm) 164.6,161.2,155.7,142.6,137.7,131.4,123.4,121.5,111.6, 107.5, 56.2, 26.3;

HRMS (ESI-Q-TOF) exact mass calcd for C;,H3N,05 [M + H]* 233.0926, found 233.0927.

HsCO

8f
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8f (yellow solid, mp. 152 °C, 39
mg, 85% yield): "H NMR (400 MHz, CDCl;) 6 (ppm) 11.30 (s, 1H, NH), 8.58 (d, 1H, J= 8 Hz,
ArH), 8.29 (d, 1H, J= 8 Hz, ArH), 7.64 (d, 1H, J = 8 Hz, ArH), 7.34 (d, 1H, J = 8 Hz, ArH),
7.03 (s, 1H, ArH), 3.88 (s, 3H, OCH3), 3.02 (d, 3H, J = 4 Hz, CHj;); 3C NMR (100 MHz,
CDCl;) 6 (ppm) 160.3, 159.3,136.2,134.8, 131.4, 124.5, 122.5,122.3, 120.8, 104.8, 54.8, 25.3;

HRMS (ESI-Q-TOF) exact mass calcd for C;,H3N,O3 [M + H]* 233.0926, found 233.0927.
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The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8g (yellow oil, 36 mg, 83%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.25 (s, 1H, NH), 8.81-8.78 (m, 1H, ArH), 8.44
(d, 1H, /=8 Hz, ArH), 7.78 (d, 1H, J= 12 Hz, ArH), 7.58-7.51 (m, 2H, ArH), 3.11 (d, 3H, J
=4 Hz, CH3); 3C NMR (100 MHz, CDCl;) 8 (ppm) 163.8, 161.3, 160.9, 138.8, 137.1, 132.1,
125.6, 124.0, 123.5, 121.1, 120.8, 111.9, 26.3; HRMS (ESI-Q-TOF) exact mass calcd for

CllHloFNzoz [M + H]Jr 2210726, found 221.0708.

Cl

8h
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8h (yellow oil, 41 mg, 88%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.30 (s, 1H, NH), 8.70 (d, 1H, J = 8 Hz, ArH),
8.44 (d, 1H, J=8 Hz, ArH), 7.87 (s, 1H, ArH), 7.75-7.71 (m, 2H, ArH), 3.11 (d, 3H, /=4 Hz,
CH;); 3C NMR (100 MHz, CDCls) & (ppm) 160.8, 140.3, 137.6, 136.3, 131.9, 131.4, 126.9,
125.3, 124.0, 122.1, 26.4; HRMS (ESI-Q-TOF) exact mass calcd for C;;H;(CIN,O, [M + H]*

237.0431, found 237.0421.

8i
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8i (yellow solid, mp. 148 °C, 46
mg, 83% yield): 'H NMR (400 MHz, CDCls) 8 (ppm) 11.30 (s, 1H, NH), 8.96 (s, 1H, ArH),
8.43 (d, 1H, J = 8 Hz, ArH), 7.81-7.75 (m, 3H, ArH), 3.11 (d, 3H, J = 8 Hz, CH3;); 3C NMR
(100 MHz, CDCl;) & (ppm) 160.7, 142.2,138.0, 133.4, 129.4, 129.3, 126.0, 125.8, 123.1, 123.0,
26.4; HRMS (ESI-Q-TOF) exact mass calcd for C;;H;(BrN,O, [M + H]* 280.9926, found

280.9924.
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H3CO,C

8
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8j (yellow solid, mp. 175 °C, 41
mg, 80% yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.33 (s, 1H, NH), 8.82 (d, 1H, J=8 Hz,
ArH), 8.62 (s, 1H, ArH), 8.49 (d, 1H, J= 8 Hz, ArH), 8.38 (d, 1H, /=8 Hz, ArH), 7.94 (d, 1H,
J=8 Hz, ArH), 4.03 (s, 3H, OCH3), 3.12 (s, 3H, CH;); *C NMR (100 MHz, CDCl;) 6 (ppm)
165.5,160.8, 143.5, 138.8, 131.3, 130.8, 130.6, 130.2, 127.0, 123.6, 120.8, 52.8, 26.4; HRMS

(ESI-Q-TOF) exact mass calcd for C;3H;3N,O, [M + H]" 261.0875, found 261.0878.

Bh i N
8k
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8k (yellow solid, mp. 178 °C, 49
mg, 88% yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.47 (s, 1H, NH), 9.01 (s, 1H, ArH),
8.42 (d, 1H, J = 8 Hz, ArH), 7.99-7.94 (m, 2H, ArH), 7.85 (d, 1H, J = 8 Hz, ArH), 7.79-7.77
(m, 2H, ArH), 7.54-7.51 (m, 2H, ArH), 7.47-7.43 (m, 1H, ArH), 3.12 (d, 3H, J =4 Hz, CH;);
3C NMR (100 MHz, CDCl;) 6 (ppm) 161.2, 144.2, 142.2, 139.2, 129.8, 129.3, 129.2, 128.7,
127.6,126.2, 122.5, 117.6, 26.3; HRMS (ESI-Q-TOF) exact mass calcd for C;H5N,O, [M +

HJ"279.1133, found 279.1115.

A

+ K
SRS

o O

8l

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 81 (yellow oil, 40 mg, 80% yield):
'"H NMR (400 MHz, CDCl;) 6 (ppm) 11.49 (s, 1H, NH), 10.66-10.64 (m, 1H, ArH), 8.63 (d,
1H, J = 8 Hz, ArH), 8.00-7.97 (m, 1H, ArH), 7.95 (d, 1H, J = 8 Hz, ArH), 7.89 (d, IH, J =8
Hz, ArH), 7.83-7.79 (m, 2H, ArH), 7.69 (d, 1H, J = 8 Hz, ArH), 3.15 (d, 3H, J = 8 Hz, CH;);
BC NMR (100 MHz, CDCl;) 6 (ppm) 161.7, 134.7, 132.2, 132.0, 129.3, 128.7, 128.5, 128.2,

126.3,126.2, 124.9, 124.2, 26.4; HRMS (ESI-Q-TOF) exact mass calcd for C;sH3N,O, [M +
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H]J*" 253.0977, found 253.0962.

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8m (yellow solid, mp. 175 °C, 49
mg, 81% yield): 'H NMR (400 MHz, CDCl;) 6 (ppm) 11.42 (s, 1H, NH), 8.73 (d, 1H, J= 8 Hz,
ArH), 8.41 (d, 1H, J = 8 Hz, ArH), 8.04-8.02 (m, 1H, ArH), 7.85-7.80 (m, 2H, ArH), 7.58—
7.56 (m, 2H, ArH), 7.43-7.39 (m, 2H, ArH), 7.35-7.25 (m, 3H, ArH+2CH), 3.11 (d, 3H, /=4
Hz, CH;); *CNMR (100 MHz, CDCl;) é (ppm) 161.2, 141.0, 139.0, 136.4, 132.6, 131.3, 129.0,
128.9, 128.7, 126.9, 126.4, 125.6, 123.2, 120.5, 26.3; HRMS (ESI-Q-TOF) exact mass calcd

for C;oH17N,O, [M + H]* 305.1290, found 305.1291.

7

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8n (yellow solid, mp. 185 °C, 46
mg, 77% yield): '"H NMR (400 MHz, CDCls) 6 (ppm) 11.34 (s, 1H, NH), 8.73 (d, 1H, J =12
Hz, ArH), 8.42 (d, 1H, J= 8 Hz, ArH), 8.03 (s, 1H, ArH), 7.88 (d, 1H, J= 8 Hz, ArH), 7.78 (d,
1H, J =8 Hz, ArH), 7.58-7.56 (m, 2H, ArH), 7.41-7.38 (m, 3H, ArH), 3.10 (d, 3H, J =4 Hz,
CH;); 3C NMR (100 MHz, CDCl;) & (ppm) 161.0, 140.9, 137.7, 133.8, 131.8, 130.9, 130.6,
129.1, 128.5, 125.9, 125.4, 123.5, 122.3, 120.4, 93.1, 87.7, 26.3; HRMS (ESI-Q-TOF) exact

mass calcd for C9H;sN,O, [M + H]* 303.1133, found 303.1128.

X

8o

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8o (yellow oil, 35 mg, 81%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.49 (s, 1H, NH), 8.78 (d, 1H, J = 8 Hz, ArH),
8.43 (d, 1H, J =8 Hz, ArH), 7.90 (d, 1H, J = 8 Hz, ArH), 7.86-7.81 (m, 2H, ArH), 7.74-7.70

(m, 1H, ArH), 3.63-3.56 (m, 2H, CH.), 1.34 (t, 3H, J = 8 Hz, CH;); *C NMR (100 MHz,
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CDCly) 6 (ppm) 160.3, 141.8,137.6, 131.1, 130.7, 129.7, 128.2, 126.5, 122.7, 120.1, 34.7, 14.7;

HRMS (ESI-Q-TOF) exact mass calcd for C;,H3N,O, [M + H]* 217.0977, found 217.0977.

H;C

8p
The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8p (yellow oil, 36 mg, 79%
yield): 'TH NMR (400 MHz, CDCl;) 6 (ppm) 11.40 (s, 1H, NH), 8.58 (d, 1H, J = 8 Hz, ArH),
8.31 (d, 1H, J= 8 Hz, ArH), 7.69 (d, 1H, J= 8 Hz, ArH), 7.58-7.56 (m, 2H, ArH), 3.55-3.48
(m, 2H, CH,), 2.49 (s, 3H, CH3;), 1.25 (t, 3H, J = 8 Hz, CHj3); 1*C NMR (100 MHz, CDCl;) &
(ppm) 160.4, 140.3, 137.0, 133.4, 130.9, 127.2, 126.1, 122.8, 119.8, 34.6, 21.5, 14.7; HRMS

(ESI-Q-TOF) exact mass calcd for C;3H;sN,O, [M + H]" 231.1134, found 231.1143.

X
H

+ N
N
CH; O O
8q

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8q (yellow oil, 36 mg, 80%
yield): "TH NMR (400 MHz, CDCl;) 6 (ppm) 11.40 (s, 1H, NH), 8.34 (d, 1H, J = 8 Hz, ArH),
7.72 (d, 1H, J = 8 Hz, ArH), 7.68-7.65 (m, 1H, ArH), 7.51-7.47 (m, 2H, ArH), 3.61-3.54 (m,
2H, CH,), 3.16 (s, 3H, CH3), 1.32 (t, 3H, J= 8 Hz, CH;); '3C NMR (100 MHz, CDCl;) & (ppm)
160.8, 141.8, 138.5, 134.3, 132.6, 129.1, 126.9, 122.7, 34.6, 25.7, 14.7; HRMS (ESI-Q-TOF)

exact mass calcd for C3H 5N,O, [M + H]" 231.1134, found 231.1143.

CH3

8r

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8r (yellow solid, mp. 88 °C, 39
mg, 85% yield): 'H NMR (400 MHz, CDCl;) & (ppm) 11.70 (s, 1H, NH), 8.85-8.83 (m, 1H,
ArH), 8.27 (s, 1H, ArH), 8.02 (d, 1H, J= 8 Hz, ArH), 7.86-7.82 (m, 1H, ArH), 7.77-7.73 (m,
1H, ArH), 3.63-3.56 (m, 2H, CH,), 2.73 (s, 3H, CHs), 1.33 (t, 3H, J = 8 Hz, CH3;); *C NMR

(100 MHz, CDCl5) & (ppm) 160.4, 141.3, 135.3, 130.8, 130.3, 129.5, 124.9, 122.8, 120.6, 34.7,
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18.4, 14.7; HRMS (ESI-Q-TOF) exact mass calcd for C;3H;sN,O, [M + H]* 231.1134, found

231.1121.
OCH,
X
H
P
O

8s

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8s (yellow solid, mp. 155 °C, 39
mg, 80% yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.50 (s, 1H, NH), 8.38 (d, 1H, J=8 Hz,
ArH), 8.32 (d, 1H, J=12 Hz, ArH), 8.24 (d, 1H, J= 8 Hz, ArH), 7.74-7.70 (m, 1H, ArH), 7.02
(d, 1H, J = 8 Hz, ArH), 4.04 (s, 3H, OCH3;), 3.62-3.55 (m, 2H, CH,), 1.33 (t, 3H, J = 8 Hz,
CHs;); 13C NMR (100 MHz, CDCl3) 6 (ppm) 160.4, 155.7, 142.7, 137.9, 131.4, 123.5, 121.6,
121.5, 111.6, 107.5, 56.2, 34.7, 14.7; HRMS (ESI-Q-TOF) exact mass calcd for C;3H;,N,0;

[M + H]* 247.1083, found 247.1100.

H3CO

8t

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8t (yellow oil, 36 mg, 75% yield):
'"H NMR (400 MHz, CDCls) & (ppm) 11.40 (s, 1H, NH), 8.68 (d, 1H, J= 12 Hz, ArH), 8.38 (d,
1H, J= 8 Hz, ArH), 7.74 (d, 1H, J= 12 Hz, ArH), 7.45 (d, 1H, J = 4 Hz, ArH), 7.12 (s, 1H,
ArH), 3.97 (s, 3H, OCHs), 3.61-3.55 (m, 2H, CH,), 1.32 (t, 3H, J= 8 Hz, CH;); '*C NMR (100
MHz, CDCl3) & (ppm) 160.4, 137.2,135.9, 132.4, 125.5, 123.5, 123.4, 121.8, 105.9, 55.9, 34.6,
14.7; HRMS (ESI-Q-TOF) exact mass calcd for C;3H;5N,O; [M + H]* 247.1083, found

247.1080.

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8u (yellow oil, 33 mg, 71%
yield): '"H NMR (400 MHz, CDCl;) 8 (ppm) 11.30 (s, 1H, NH), 8.82-8.79 (m, 1H, ArH), 8.45

(d, 1H, J = 8 Hz, ArH), 7.78 (d, 1H, J = 8 Hz, ArH), 7.59-7.51 (m, 2H, ArH), 3.62-3.55 (m,
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2H, CH,), 1.33 (t, 3H, J = 8 Hz, CHs); *C NMR (100 MHz, CDCl;) & (ppm) 163.8, 161.2,
160.0, 138.8, 137.2, 132.1, 125.6, 124.1, 123.4, 121.1, 120.8, 111.9, 34.7, 14.6; HRMS (ESI-

Q-TOF) exact mass calcd for C;;H,FN,O, [M + H]* 235.0833, found 235.0831.

Cl

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8v (yellow solid, mp. 139 °C, 37
mg, 75% yield): '"H NMR (400 MHz, CDCls) 6 (ppm) 11.30 (s, 1H, NH), 8.72 (d, 1H, J =12
Hz, ArH), 8.45 (d, 1H, J= 8 Hz, ArH), 7.89 (s, 1H, ArH), 7.76-7.73 (m, 2H, ArH), 3.62-3.55
(m, 2H, CH,), 1.34 (t, 3H, J= 8 Hz, CH;); *C NMR (100 MHz, CDCl;) 6 (ppm) 160.2, 140.3,
137.8, 136.3, 131.9, 131.5, 128.8, 127.8, 127.5, 126.9, 125.3, 124.2, 122.1, 43.9, 29.3; HRMS

(ESI-Q-TOF) exact mass calcd for C;,H;,CIN,O, [M + H]* 251.0587, found 251.0591.

N
H

+ - N
Br N ~

8w

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8w (yellow solid, mp. 125 °C, 46
mg, 77% yield): 'H NMR (400 MHz, CDCls) 8 (ppm) 11.30 (s, 1H, NH), 8.96 (s, 1H, ArH),
8.43 (d, 1H, J=8 Hz, ArH), 7.82-7.75 (m, 3H, ArH), 3.62-3.56 (m, 2H, CH,), 1.33 (t, 3H, J=
8 Hz, CH3); 1*C NMR (100 MHz, CDCl;) 6 (ppm) 159.8, 142.1, 138.1, 133.4, 129.4, 129.3,
126.0, 125.8, 123.1, 123.0, 34.7, 14.6; HRMS (ESI-Q-TOF) exact mass calcd for

C,H,BrN,O, [M + H]* 295.0082, found 295.0066.

X

+ N
%N%

O O

8x

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8x (yellow solid, mp. 115 °C, 34
mg, 73% yield): "H NMR (400 MHz, CDCl;) 6 (ppm) 11.60 (s, 1H, NH), 8.78 (d, 1H, J= 8 Hz,
ArH), 8.42 (d, 1H, J= 8 Hz, ArH), 7.91-7.81 (m, 3H, ArH), 7.73-7.69 (m, 1H, ArH), 1.55 (s,

9H, 3CH;); *C NMR (100 MHz, CDCl;) 6 (ppm) 159.0, 141.7, 138.5, 131.1, 130.6, 129.6,

128.2, 126.6, 122.5, 120.0, 51.5, 28.7; HRMS (ESI-Q-TOF) exact mass calcd for C1;H{7N,0,
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[M + HJ* 245.1290, found 245.1270.

X
R
~

N ﬁ/
O O
8y

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8y (yellow solid, mp. 126 °C, 37
mg, 71% yield): "H NMR (400 MHz, CDCl;) 6 (ppm) 11.80 (s, 1H, NH), 8.43 (d, 1H, J= 8 Hz,
ArH), 8.26 (s, 1H, ArH), 8.01 (d, 1H, J= 8 Hz, ArH), 7.86-7.81 (m, 1H, ArH), 7.76-7.72 (m,
1H, ArH), 2.71 (s, 3H, CHj3), 1.54 (s, 9H, 3CH;); *C NMR (100 MHz, CDCl;) & (ppm) 159.1,
141.2,137.7,135.4,130.8, 130.3, 129.4, 124.8, 122.7, 120.6, 51.5, 28.7, 18.4; HRMS (ESI-Q-

TOF) exact mass calcd for C;sH;oN,O, [M + H]* 259.1447, found 259.1466.
HaC N
+ - H
%N%
o O
8z

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8z (yellow solid, mp. 115 °C, 37
mg, 72% yield): '"H NMR (400 MHz, CDCls) & (ppm) 11.50 (s, I1H, NH), 8.56 (d, 1H, /=8 Hz,
ArH), 8.29 (d, 1H, J= 8 Hz, ArH), 7.68 (d, 1H, J = 8 Hz, ArH), 7.56-7.54 (m, 2H, ArH), 2.48
(s, 3H, CHs;), 1.46 (s, 9H, 3CH;); *C NMR (100 MHz, CDCl;) 6 (ppm)159.1, 140.2, 137.8,
133.3, 130.8, 127.1, 126.2, 122.5, 119.8, 51.4, 28.7, 21.4; HRMS (ESI-Q-TOF) exact mass

calcd for C;sH;sN,O, [M + H]* 259.1447, found 259.1462.
H3CO \
+_~ H
%N%
0 o
8aa

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8aa (yellow oil, 43 mg, 79%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 11.55 (s, 1H, NH), 8.67 (d, 1H, J = 8 Hz, ArH),
8.37 (d, 1H, J=4 Hz, ArH), 7.74 (d, 1H, J=4 Hz, ArH), 7.43 (d, 1H, J= 8 Hz, ArH), 7.12 (s,
1H, ArH), 3.97 (s, 3H, OCH3), 1.53 (s, 9H, 3CHj;); *C NMR (100 MHz, CDCl;) & (ppm) 160.2,
159.2, 137.2, 136.8, 132.4, 125.7, 123.5, 123.1, 121.7, 105.9, 55.8, 51.4, 50.2, 29.6, 28.7;

HRMS (ESI-Q-TOF) exact mass calcd for C;5H9N,O3 [M + H]* 275.1396, found 275.1379.
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Cl N
AN
~
N %
O O

8ab

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8ab (yellow solid, mp. 118 °C,
38 mg, 69% yield): 'H NMR (400 MHz, CDCl;) 6 (ppm) 11.40 (s, 1H, NH), 8.72 (d, 1H, J=8
Hz, ArH), 8.44 (d, 1H, J= 8 Hz, ArH), 7.88 (s, 1H, ArH), 7.76-7.73 (m, 2H, ArH), 1.54 (s, 9H,
3CHj;); *C NMR (100 MHz, CDCl;) & (ppm) 158.6, 140.2, 138.6, 136.1, 131.9, 131.4, 126.9,
125.3, 123.9, 122.0, 51.6, 28.7; HRMS (ESI-Q-TOF) exact mass calcd for C;4H;sCIN,O, [M

+ HJ* 279.0900, found 279.0920.
A
H
Br%'\‘%
0O O
8ac

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8ac (yellow solid, mp. 127 °C,
42 mg, 65% yield): '"H NMR (400 MHz, CDCl;) 6 (ppm) 11.50 (s, 1H, NH), 8.99 (s, 1H, ArH),
8.43 (d, 1H, J = 12 Hz, ArH), 7.82-7.75 (m, 3H, ArH), 1.54 (s, 9H, 3CHj;); '*C NMR (100
MHz, CDCl;) & (ppm) 158.6, 142.1, 139.0, 133.3, 129.4, 129.3, 126.1, 125.9, 123.0, 122.9,
51.6, 28.7; HRMS (ESI-Q-TOF) exact mass calcd for C14H;sBrN,O, [M + H]* 323.0395, found

323.0371.

Cl
N
N/ NH
O O
8ad

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8ad (yellow solid, mp. 128 °C,
41 mg, 68% yield): '"H NMR (400 MHz, CDCls) & (ppm) 11.36 (d, 1H, J= 8 Hz, NH), 8.73 (d,
1H, J = 8 Hz, ArH), 8.46 (d, 1H, J= 8 Hz, ArH), 7.90 (s, 1H, ArH), 7.77-7.74 (m, 2H, ArH),
4.10-4.07 (m, 1H, CH), 2.05-2.03 (m, 2H, CH,), 1.80-1.75 (m, 2H, CH,), 1.65-1.62 (m, 1H,
CH), 1.49-1.34 (m, 5H, CH+2CH,); 3*C NMR (100 MHz, CDCl3) & (ppm) 159.0, 140.3, 137.9,
136.2, 131.9, 131.4, 126.9, 125.3, 124.2, 122.0, 48.6, 32.7, 25.7, 24.6; HRMS (ESI-Q-TOF)

exact mass caled for C¢H;3CIN,O, [M + H]" 305.1057, found 305.1050.
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8ae

The compound was prepared according to general procedure 3.2 and purified by flash column
chromatography (2:1 petroleum ether: ethyl acetate) to afford 8ae (yellow oil, 41 mg, 73%
yield): 'TH NMR (400 MHz, CDCl;) & (ppm) 11.43 (d, 1H, J =4 Hz, NH), 8.33 (d, IH, J= 12
Hz, ArH), 7.69 (d, 1H, J = 12 Hz, ArH), 7.65-7.63 (m, 1H, ArH), 7.49-7.44 (m, 2H, ArH),
4.11-4.04 (m, 1H, CH), 3.16 (s, 3H, CH3), 2.07-2.04 (m, 2H, CH,), 1.80-1.77 (m, 2H, CH,),
1.66-1.63 (m, 1H, CH), 1.49-1.42 (m, 4H, 2CH,), 1.34-1.32 (m, 1H, CH); '3C NMR (100
MHz, CDCl3) 6 (ppm) 159.8, 141.8, 138.7, 134.3, 132.5, 129.1, 126.9, 126.5, 122.7, 48.6, 32.8,

25.7, 24.8; HRMS (ESI-Q-TOF) exact mass calcd for C;;H,;N,O, [M + H]* 285.1603, found

285.1590.
X ‘ X
lﬁ‘\—l/ NH.__~_ NH El/
O O O O

8af

The compound is known'3 and was prepared according to general procedure 3.2 (yellow solid,
56 mg, 68% yield): 'H NMR (400 MHz, CDCl;) 6 (ppm) 11.75 (s, 2H, NH), 8.67 (d, 2H, J =8
Hz, ArH), 8.44 (d, 2H, J = 8 Hz, ArH), 7.88 (d, 2H, J = 8 Hz, ArH), 7.83 (d, 2H, J = 8 Hz,
ArH), 7.78-7.74 (m, 2H, ArH), 7.71-7.67 (m, 2H, ArH), 3.76-3.71 (m, 4H, 2CH,), 2.14-2.07
(m, 2H, CH,); *C NMR (100 MHz, CDCl;) é (ppm) 160.8, 141.8, 137.5, 131.0, 130.7, 129.7,

128.1, 126.3, 122.8, 120.2, 37.7, 29.3.

3.3 General procedure for the copper-catalyzed amination of quinoline N-oxide

Cul (10 mol%)

O XX
TN . gz TBHP(0.05equiv) R
Re . J + R AR
N* D CH,Cl,, 40 °C N" N
6_ R R3
6 7 9

To a reaction tube were added quinoline N—oxides 6 (0.2 mmol) and formamide 7 (10
equiv), Cul (10 mol %), TBHP (5-6 M in decane) (0.05 equiv) and CH,Cl, (1 mL). Then the
tube was charged with air, and was stirred at 40 °C until complete consumption of starting
material as monitored by TLC and GC-MS analysis. After the reaction was finished, the
reaction mixture was washed with brine. The aqueous phase was re—extracted with ethyl

acetate. The combined organic extracts were dried over Na,SO,, concentrated in vacuum, and
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the resulting residue was purified by silica gel column chromatography to afford the desired

quinoline—2—amines 9.

m
_
N N,Me

|
Me

9a

The compound is known'# and was prepared according to general procedure 3.3 (25 mg, 73%
yield): "H NMR (400 MHz, CDCls) 6 (ppm) 7.78 (d, 1H, J=8 Hz, ArH), 7.63 (d, 1H, /= 8 Hz,
ArH), 7.50 (d, 1H, J= 8 Hz, ArH), 7.46-7.42 (m, 1H, ArH), 7.12-7.09 (m, 1H, ArH), 6.81 (d,
1H, J = 8 Hz, ArH), 3.15 (s, 6H, 2CH3); '3*C NMR (100 MHz, CDCl;) & (ppm) 157.6, 137.2,

129.4,127.2,126.3, 122.4, 121.7, 109.1, 38.1.

The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 9b (yellow oil, 26 mg, 69%
yield): '"H NMR (400 MHz, CDCls) é (ppm) 7.81 (d, 1H, J = 8 Hz, ArH), 7.74 (s, 1H, ArH),
7.59 (d, 1H, J = 8 Hz, ArH), 7.54-7.50 (m, 1H, ArH), 7.30-7.26 (m, 1H, ArH), 3.00 (s, 6H,
2CHj;), 2.45 (s, 3H, CH;); 3C NMR (100 MHz, CDCl;) & (ppm) 161.9, 145.9, 138.1, 128.3,
127.1, 126.3, 125.3, 124.6, 123.5, 41.7, 19.9; HRMS (ESI-Q-TOF) exact mass calcd for
CHsN, [M + H]* 187.1235, found 187.1217.

NN Me

Me
9c

The compound is known!’ and was prepared according to general procedure 3.3 (25 mg, 68%
yield): "H NMR (400 MHz, CDCls) 6 (ppm) 7.79 (d, 1H, J=8 Hz, ArH), 7.65 (d, 1H, /= 8 Hz,
ArH), 7.37-7.35 (m, 2H, ArH), 6.87 (d, 1H, J= 12 Hz, ArH), 3.20 (s, 6H, 2CH3), 2.44 (s, 3H,
CHs3); *C NMR (100 MHz, CDCl;) & (ppm) 157.2, 136.8, 131.5, 131.1, 126.4, 126.0, 122.3,

109.1, 38.2, 21.1.

The compound was prepared according to general procedure 3.3 and purified by flash column
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chromatography (5:1 petroleum ether: ethyl acetate) to afford 9d (yellow oil, 28 mg, 74%
yield): "H NMR (400 MHz, CDCls) & (ppm) 7.83 (d, 1H, J = 8 Hz, ArH), 7.44-7.38 (m, 2H,
ArH), 7.10-7.06 (m, 1H, ArH), 6.87 (d, 1H, J = 8 Hz, ArH), 3.21 (s, 6H, 2CH3), 2.65 (s, 3H,
CHs;); *C NMR (100 MHz, CDCl;) & (ppm) 156.8, 146.8, 137.5, 134.1, 129.5, 125.1, 122.0,
121.2, 108.5, 37.9, 17.8; HRMS (ESI-Q-TOF) exact mass calcd for C;;H;sN, [M + H]*

187.1235, found 187.1242.

L
N ONMe

Me
9e

The compound is known!> and was prepared according to general procedure 3.3 (26 mg, 65%
yield): '"H NMR (400 MHz, CDCl;) é (ppm) 7.80 (d, 1H, J= 12 Hz, ArH), 7.66 (d, 1H, J =12
Hz, ArH), 7.22-7.19 (m, 1H, ArH), 6.95 (d, 1H, J =4 Hz, ArH), 6.88 (d, 1H, J = 8 Hz, ArH),
3.87 (s, 3H, OCHj3;), 3.20 (s, 6H, 2CH3;); '3C NMR (100 MHz, CDCl3) 6 (ppm) 156.7, 154.5,

136.2,127.7, 122.6, 121.0, 109.4, 106.2, 55.5, 38.2.

Clm
M
NT N

Me
of

The compound is known'® and was prepared according to general procedure 3.3 (26 mg, 60%
yield): 'TH NMR (400 MHz, CDCls) 6 (ppm) 7.76 (d, 1H, J= 8 Hz, ArH), 7.62 (d, 1H, /= 8 Hz,
ArH), 7.54 (s, 1H, ArH), 7.44 (d, 1H, J = 8 Hz, ArH), 6.90 (d, 1H, J = 12 Hz, ArH), 3.22 (s,
6H, 2CH;); *C NMR (100 MHz, CDCl;) 6 (ppm) 157.6, 136.2, 130.0, 127.8, 126.6, 126.0,
122.9, 109.9, 38.0.

HaCO ~
\©\/NJ\N/CH2CH3

|
CH,CHs
99

The compound is known'® and was prepared according to general procedure 3.3 (23 mg, 50%
yield): "H NMR (400 MHz, CDCls) 6 (ppm) 7.45 (d, 1H, J=8 Hz, ArH), 7.59 (d, 1H, J= 8 Hz,
ArH), 7.19-7.16 (m, 1H, ArH), 6.93 (d, 1H, J=4 Hz, ArH), 6.81 (d, 1H, J= 8 Hz, ArH), 3.86
(s, 3H, OCH3), 3.66-3.60 (m, 4H, 2CH,), 1.23 (t, 6H, J = 8 Hz, 2CH3); 3*C NMR (100 MHz,

CDCl) & (ppm) 154.4, 136.2, 127.7, 122.5, 120.7, 109.4, 106.3, 55.5, 42.4, 13.3.
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@

9h

The compound is known!” and was prepared according to general procedure 3.3 (25 mg, 60%
yield): "H NMR (400 MHz, CDCl3) 6 (ppm) 7.91 (d, 1H, J=8 Hz, ArH), 7.72 (d, 1H, /= 8 Hz,
ArH), 7.61 (d, 1H, J= 8 Hz, ArH), 7.57-7.53 (m, 1H, ArH), 7.27-7.25 (m, 1H, ArH), 6.95 (d,
1H, J= 8 Hz, ArH), 3.87-3.84 (m, 4H, 2CH,), 3.72-3.69 (m, 2H, CH,); 3*C NMR (100 MHz,
CDCl3) & (ppm) 157.5, 147.7, 137.6, 129.6, 127.2, 126.8, 123.3, 122.7, 109.3, 66.9, 45.6.
~Me
el
9i
The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 9i (yellow oil, 26 mg, 60% yield):
'"H NMR (400 MHz, CDCl3) & (ppm) 7.88 (d, 1H, J = 8 Hz, ArH), 7.82 (s, 1H, ArH), 7.64 (d,
1H, J = 8 Hz, ArH), 7.58-7.54 (m, 1H, ArH), 7.37-7.33 (m, 1H, ArH), 3.92-3.89 (m, 4H,
2CH,), 3.35-3.33 (m, 4H, 2CH,), 2.44 (s, 3H, CH;); 3C NMR (100 MHz, CDCl;) & (ppm)
156.1,144.9,136.1, 131.2,130.7, 125.4, 125.3, 122.2, 108.3, 65.9, 44.8, 20.2; HRMS (ESI-Q—

TOF) exact mass calcd for C4;H7yN,O [M + H]* 229.1341, found 229.1319.

CHs
(ii
—
N

9

[

The compound is known'® and was prepared according to general procedure 3.3 (30 mg, 67%
yield): "H NMR (400 MHz, CDCls) 6 (ppm) 7.77 (d, 1H, J=8 Hz, ArH), 7.72 (d, 1H, J= 8 Hz,
ArH), 7.56-7.52 (m, 1H, ArH), 7.28-7.24 (m, 1H, ArH), 6.80 (s, 1H, ArH), 3.85-3.83 (m, 4H,
2CH,), 3.70-3.68 (m, 4H, 2CH,), 2.60 (s, 3H, CH3); 3C NMR (100 MHz, CDCl;) & (ppm)

157.4,145.3,129.4, 127.2, 123.5, 122.5, 109.6, 100.0, 66.9, 45.6, 19.3.
N/

9k

s

The compound was prepared according to general procedure 3.3 and purified by flash column

chromatography (5:1 petroleum ether: ethyl acetate) to afford 9k (yellow oil, 35 mg, 78%
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yield): '"H NMR (400 MHz, CDCl5) § (ppm) 7.85 (d, 1H, J= 8 Hz, ArH), 7.65 (d, 1H, J = 8 Hz,
ArH), 7.42-7.40 (m, 2H, ArH), 6.93 (d, 1H, J = 8 Hz, ArH), 3.87-3.85 (m, 4H, 2CH,), 3.70—
3.68 (m, 4H, 2CH,), 2.47 (s, 3H, CH;); *C NMR (100 MHz, CDCl;) & (ppm) 157.2, 145.9,
137.1, 132.2, 131.7, 126.4, 123.3, 109.3, 66.9, 45.8, 21.2; HRMS (ESI-Q-TOF) exact mass

calcd for C4,H7;N,O [M + H]*229.1341, found 229.1319.

~
N

9l

b

The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 91 (yellow oil, 33 mg, 68% yield):
'"H NMR (400 MHz, CDCl;) & (ppm) 7.85 (d, 1H, J= 8 Hz, ArH), 7.66 (d, 1H, J = 8 Hz, ArH),
7.25-7.22 (m, 1H, ArH), 6.97-6.93 (m, 2H, ArH), 3.88 (s, 3H, OCH,), 3.87-3.84 (m, 4H,
2CH,), 3.66-3.63 (m, 4H, 2CH,); *C NMR (100 MHz, CDCl;) § (ppm) 156.6, 155.3, 143.3,
136.6, 128.2, 123.8, 121.3, 109.8, 106.0, 66.9, 55.5, 46.0; HRMS (ESI-Q-TOF) exact mass

caled for Ci4H;N,O, [M + H]*245.1290, found 245.1270.

cl N
TRy
9m
The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 9m (yellow oil, 27 mg, 55%
yield): '"H NMR (400 MHz, CDCl;) & (ppm) 7.81 (d, 1H, J = 8 Hz, ArH), 7.63 (d, 1H, J = 8 Hz,
ArH), 7.57 (s, 1H, ArH), 7.47 (d, 1H, J = 8 Hz, ArH), 6.96 (d, 1H, J= 8 Hz, ArH), 3.86-3.83
(m, 4H, 2CH,), 3.71-3.69 (m, 4H, 2CH,); *C NMR (100 MHz, CDCls) é (ppm) 157.5, 146.2,
136.6, 130.2, 128.3, 127.7, 126.0, 123.8, 110.1, 66.8, 45.5; HRMS (ESI-Q-TOF) exact mass
caled for C;3H4,CIN,O [M + H]" 249.0795, found 249.0777.

B
L

b

9n

The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 9n (yellow oil, 40 mg, 68%

yield): '"H NMR (400 MHz, CDCls) & (ppm) 8.28 (s, 1H, ArH), 7.85 (d, 1H, J = 8 Hz, ArH),
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7.65-7.61 (m, 2H, ArH), 7.42-7.38 (m, 1H, ArH), 3.93-3.91 (m, 4H, 2CH,), 3.50-3.48 (m, 4H,
2CH,); 3C NMR (100 MHz, CDCls) 6 (ppm) 157.3, 145.8, 141.6, 129.8, 127.7, 126.4, 125.1,
112.3, 66.9, 50.3; HRMS (ESI-Q-TOF) exact mass calcd for C;3H4BrN,O [M + H]* 293.0290,

found 293.0303.

A
—
Br N

90

3

The compound was prepared according to general procedure 3.3 and purified by flash column
chromatography (5:1 petroleum ether: ethyl acetate) to afford 9o (yellow oil, 33 mg, 57%
yield): 'H NMR (400 MHz, CDCls) 6 (ppm) 7.90 (s, 1H, ArH), 7.86 (d, 1H, J = 8 Hz, ArH),
7.45 (d, 1H, J = 8 Hz, ArH), 7.32 (d, 1H, J= 8 Hz, ArH), 7.95 (d, 1H, J = 8 Hz, ArH), 3.86—
3.83 (m, 4H, 2CH,), 3.73-3.70 (m, 4H, 2CH,); '*C NMR (100 MHz, CDCl;) 6 (ppm) 157.7,
148.5,137.4, 129.0, 128.4, 125.9, 123.7, 121.8, 109.4, 66.8, 45.4; HRMS (ESI-Q-TOF) exact

mass calcd for C3H4BrN,O [M + H]* 293.0290, found 293.0287.

4. Synthetic Utility of Methodology

4.1 Gram-scale reaction
o CuBr (10 mol%)
A ] A
)L .H TBHP (2 equiv)
NEL N NHMe
) Me DMSO, 60°C )
o o O
6a 7a 8a

Gram-scale reaction: 10 mmol scale, 85% (8a: 1.7 g)
Quinoline N-oxides 6a (10 mmol, 1.45 g) was added in a 50 mL dried round-bottomed flask,
followed by the addition of N-methylformylamide 7a (10 equiv), CuBr (10 mol %), TBHP (5.0-6.0
M in decane) (2 equiv) and DMSO (20 mL). Then the mixture was stirred at 60 °C until complete
consumption of starting material as monitored by TLC and GC-MS analysis. After the reaction was
finished, the reaction mixture was washed with brine. The aqueous phase was re-extracted with
ethyl acetate. The combined organic extracts were dried over Na,SQy,, concentrated in vacuum, and
the resulting residue was purified by silica gel column chromatography to afford the desired
quinoline-N-oxide-2-carboxamides 8a (1.7 g, 85% yield).
4.2 Sequential one-pot process
1) m-CPBA (1.2 equiv), 0 °C-rt, DCM, 3h
@\/j then evaported solvent ©\/Ir
P N~y NHMe
N 2) CuBr, N-methylformamide, DMSO, TBHP 6 o
12 60°C 8a

To a solution of quinoline 12 (10 mmol) in CH,Cl, (40 mL) at 0 °C was added m-CPBA (12 mmol,

1.2 equiv). The mixture was stirred at 0 °C for 1 hour and then continued to stir at room temperature
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till the full conversion of quinoline as detected by TLC. Solvent was removed under reduced
pressure. To the residue was added N-methylformylamide 7a (10 equiv), CuBr (10 mol %), TBHP
(5.0-6.0 M in decane) (2 equiv) and DMSO (20 mL). The mixture was stirred at 60 °C until complete
consumption of starting material as monitored by TLC and GC-MS analysis. After the reaction was
finished, the reaction mixture was washed with brine. The aqueous phase was re-extracted with
ethyl acetate. The combined organic extracts were dried over Na,SQOy,, concentrated in vacuum, and
the resulting residue was purified by silica gel column chromatography to afford the desired
quinoline-N-oxide-2-carboxamides 8a (1.7g, 85% yield).

5. Mechanistic Study

(0]
(a) A )k H standard conditions X 0
+ - _—
NT N eweo (2.0 equiv) NNy NHMe N-0—<
- Me ) NHCH;
0 o O
6a 7a 8a (trace) 13 detected by LC-MS
Bu
standard conditions = o
> A _NHMe H 0
BHT (2.0 equiv) N o
O O Bu NHCH3;
8a (trace) 14 detected by LC-MS
(b) o)
N )k standard conditions = N*O*N/
o + H N/ —> 7 e + \
N \ TEMPO (2.0 equiv) N 'V
6a b 9a (trace) 15 detected by LC-MS
tBU \
standard conditions N N—
Pz _ + HO
BHT (2.0 equiv) N ’\‘l
Bu
9a (trace) 16 detected by LC-MS
(c)
(0] (0]
JL . )k .H standard conditions Ph NHCH;
Ph” “Ph H N ———————— —
Me PH
7a 17
o \
JL . H)kN/ standard conditions Ph__ N7
Ph Ph | - = >
Ph 18

JL H ” 7 NHMe Ph NHCH;
Ph ph * H ’\\l . Kl/ standard conditions N . o

Me = O O

Ph
O 8a 17
7a 6a

i X

\
JL . H*N/ . ™Y standard conditions ©\/j\ Ph N—
P Ph | NG N° N7 . >:/
o | PH

7b 6a © 9a 18

5.1 Addition of TEMPO and BHT to the Model Reaction of 6a and 7a
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(0]

~ J_ 4 standard conditions X o
+ - _— >
NG N eweo (2.0 equiv) NN NAMe N-0—
- Me ) NHCH3
% o 0
6a 7a

8a (trace) 13 detected by LC-MS

standard conditions
D —————————

BHT (2.0 equiv)

NHCH;
8a (trace) 14 detected by LC-MS
Tempo-213
2017110104168\7356] 1:Scan ES+
100+ 214 1.34e8
o]
CE—H
NHCH,
/ 130 =214
\ 274.374
[ J\ Lertd T T T T T T T T T miz
200 400 600 g00 1000 1200 1400
1-277
20171024-15 254 (11.121) 1: Scan ES+
100+ 278.295 7.97e7
278.169
|.278.485 B
HO—<; —
83601 2
/ Bd NHCH
14, M =277
ED‘_
224097
341.502 786.401
\L 352 641 760.088
0= i 1 l ! T |l T T Y T T T m/z
200 400 600 800 1000 1200 1400
5.2 Addition of TEMPO and BHT to the Model Reaction of 6a and 7b
(0]
N )k standard conditions = N*O*N/
Jr N T N +
N \ TEMPO (2.0 equiv) N T
6a © 7b 9a (trace) 15 detected by LC-MS
tBU \
standard conditions N N—
- = pZ _ + HO
BHT (2.0 equiv) N 'V
Bu
9a (trace)

16 detected by LC-MS
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Xa-2809
1: Scan ES+

20171204-08 143 (6.264)Cm (139:147)

100128211 6.46e7
126.637
157.322

B 162.312 C\E_O_N/
N

/ 15, M = 200

200 406
416 903
0 T 1 o T T T 4 T T T miz
200 400 600 800 1000 1200 1400
Xb-2810
20171204-09 130 (8.321) 1: Scan ES+
100— 219.303 1.28e8
219.492 482 397
482.271
481.764
'Bu
=8 Ne
HO
‘Bu
7 &3.801 / 16, M = 263
204128 —
El 468.270
0 ] ey T r T T T r T T T r ; T m/z
200 400 600 800 1000 1200 1400

5.3 Reaction of N-methyl formamide 7a with 1,1-diphenylethylene under standard conditions

O o}
JJ\ Y J\N’ H standard conditions Ph NHCH;
Ph™ "Ph h —
Me PH
7a 17

o)

F>h>_>—NH<:H3

Ph
17

'H NMR (400 MHz, CDCl;) 8 (ppm) 7.88 (d, 1H, J = 4 Hz, NH), 7.36-7.32 (m, 6H, ArH), 7.22-
7.20 (m, 2H, ArH), 7.13-7.10 (m, 2H, ArH), 6.40 (s, 1H, CH), 2.54 (d, 3H, J = 4 Hz, CH;); 13C
NMR (100 MHz, CDCLy) & (ppm) 166.0, 149.1, 142.0, 139.6, 129.7, 129.0, 128.9, 128.1, 127.9,

122.9, 25.9.
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DT-1030-20171031 1R
DT-1030-20171031- DR

CHy ]
)
HN I I |
|
o I 1 | !
kY
\/
1
i
1
1
]
|
I .
1
| J' | |
I | SR A Y| — — N S | S R
i gy 1 1
2 BYE ]
T T T T T T T T T T T T T T 7 T T T T T T
Lo 9.5 9.0 85 B0 1.5 0 &5 &0 &6 50 45 40 3 0 25 2.0 L6 L0 0.5 0.0 0.
£1 (ppm)
DT-1030-20171101-CNMR Y = 2R
DT-1030-20171101-CXMR £ g aig P
| [l
CHy
/
HN
0
1l
1
|
|
| [ ‘
‘ A ‘ ‘
T T T T T T T T T T T T T T T T T T T T T |
200 180 180 170 180 150 140 130 120 110 100 50 80 70 &0 50 40 30 20 10 0

£1 (ppm)

5.4 Reaction of DMF 7b with 1,1-diphenylethylene under standard conditions

X )
- Ph N—
)L ¥ - standard conditions __
Ph” “Ph AN )
Ph 18
7b

\
Ph N—
Ph

18

'HNMR (400 MHz, CDCL3) & (ppm) 7.34-7.26 (m, 10H, ArH), 6.35 (s, 1H, CH), 2.83 (s, 3H, CH),
2.76 (s, 3H, CH;).
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XGX-3-20171201-HNMR
XGX-3-20171201-HNMR

.5 4.
£1 (ppm)

5.5 Reaction of quinoline-N-oxide 6a, N-methyl formamide 7a and 1,1-diphenylethylene under

standard conditions

0 N o 0
JL . HJ\N’H + standard conditions N* NHMe — Ph __ ) NHCHs
Ph” “Ph D N . *
Me - o O Ph
)
7a 6a 8a 17

2.238
20171024-16 154 (6.746) 1. 5canES+

100+ 203 124 1.34e8

=
/ %NHME
ol o 0
8a, M = 202
#
213.048
IR e
200 ' 40'0 ' Edﬂ EUIU ' 1Ub0 j 12'00 14b0
2238
20171024-16 261 (11.427) 1: Scan ES+
180.756 1.34e8
L 238,267
PH
/ 17 M = 237
s

786.718

200 ' 400 600 800

RN AL LA Rt Lasny sunn R TP
1000 1200 1400
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5.6 Reaction of quinoline-N-oxide 6a, DMF 7b and 1,1-diphenylethylene under standard conditions

O N \

N
JL + H)kN/ standard conditions @\/j\ - Ph N
Ph” “Ph ‘ + v _Slandard condiions, N" N \—/

+

N \
(‘)* Ph
7b 6a 9a 18
XGX-4
20171130-06 40 (1.758) 1:8can ES+
i E2 080, 1.34e8
P
N N‘/
173.302
/ 9a, M=172
173 492
=
189.285
L?/Zl 423
U—U R S L miz
200 400 600 800 1000 1200 1400
XGX-4
20171130-08 135 (5 14 1: Scan ES+
1(]{]—'4F 335 5. 80e7
48.524
k Y
Ph  N—
- _
224 298 PH
/ 18, M =223
254283
o 'L/. birraren r ' t Y t T - m iz

R4 . !
=z N<
= N R3
o o
H Abstraction u R? CuBr 8
R2=H N C, Carbamoylation Reaction
R? C-C Formation
10
X
2 XX
HoOoN R R .
) P P
7 R® N

|
6 O
H Abstraction _R? cul
- N ~

Decarbonylation &3 m
24 Ry 2
R<#H 1 Z N/ N,R

9 R

C, Amination Reaction
C-N Formation

5.7 Reaction color changes for C, selective carbamoylation and amination of quinoline N-oxide

with formamide
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carbamoylation of quinoline NV-oxide

a

After react 0 hour After react 3 hours After react 8 hours

amination of quinoline NV-oxide

a

After react 0 hour After react 3 hours After react 8 hours
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7. 'H and 3C NMR Spectra of Substrates and Products

7.1 'TH NMR Spectra of Substrates

xgx067
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XGX-9180-20170901-HNIR
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3.31

XGX—423-20170721-HNMR
XGX—423-20170721-HNMR
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XGX—6]J-20171020-HNMR
XGX—6]J-20171020-HNMR

H4C
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3.42

5.0
f1 (ppm)

S37



XGX-318-20170721-HNMR =

XGX-318-20170721-HNMR :,-\

Ilr) L

339

(]
! .| |I
I| | | i
CHg, |
S
I
N
|
o
6e
il i J|
U S J ) .-Lf“k e |
b i i
=8 8 & g
== = 3 o
— 1 v T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10. 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 BB 5.0 4.5 4.0 =:h 3.0 2.5 2.0 15 1.0 0.5 0.0 0.5
f1 (ppm)

S38



o8 e—

XGX-220-20170721-HNMR
XGX-220-20170721-HNMR

|

1]

=00t

Eon 0

“mwTT 0

560

0.5

0.0

[Fe]

L.O

fe]

i |

(e}
od

3.0

10.0

10,5

f1 (ppm)
S39

¥



a

XGX-525-20170721-HNMR
XGX-525-20170721-HNMR

3. 31

; J ; EJ
| [ !
|
CH
- 3
o]
=
F
N
|
o
6q
| [

1. 56

02T ——
I EEE
L
o
—
e
=

: ¥ b 1
& g B =2 8 g
= - — - o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 5 6.0 5.9 5.0 4.5 4.0 3.5 3.0 2.5

S40



XGX-T08-20170721-HNMR
XGX-T08-20170721-HNMR

Ve

3. 92
330

i
. L B U
i T: f
= = == =
T T T T T T IH T H' I- T T T T T T T T I” T T T T T T T T T T T T
9.0 8.5 8.0 75 T- 6.5 6.0 5. b 5.0 4.5 4.0 5 o] 3.0 2.5 2.1 .5 1.0 ) 0.0 0.5
fl (ppm)

S41



XGX-055-20170B18-HNMR g g oo g =
XGX-055-20170818-HNMR of of o ot o o
~ Y
' F
O ot g N
)
]
II f ,| / -
.II ! J | I N+
|
o
6i
i i
|
|
I

ﬂ |

J L_JL (o |k) .

T T

s 3 354

- - Sec

T I — T T (— T T (— — T T T T T — T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
£l (ppm)

S42



XGX-601-20170721-HNMR
XGX-601-20170721-HNMR

/]

3. 3

©F CF vt
o 16 L L

cd cdcd cd

=
N‘f
|
RN o
6i
(" |
I|
*
|
JA__ VT i J
i gl
38 & 98 =
T T | T T L T —T —T T T T T T T T
10.0 9.5 9.0 8.5 8.0 1.5 7.0 6.5 6.0 B.5 5.0 4.5 4.0 . 5 3.0 5 Z 5 1.0 L5 0.0 -0.5
1 (oom)

S43



XGX-752-20170721-HNMR 2
XGX-752-20170721-HNMR == o

~

Br N

%
1023
68T
001

g =
S T 13 T X T ¥ T T T T T L T % T S T 1 T L4 T L4 T ¥ T T T 4 T 3 T
10.0 9.5 9.0 8.5 8.0 7.8 10 6.5 6.0 5.5 3.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm}

S44



3. 35

XGX-313-20170721-HNMR
XGX-313-20170721-HNMR

]
| |
(]
L
Br
Ry
P
l N*
|
o
6l
| Ll !
_.l”u_,_._.L_J LJQ@ML . " JIIL IR ;W i BN Y -y
i G
s 8888
= T -1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 0.5
f1 (ppm)

S45



XGX-625-20170721-HNMR 2 FEREER
XGX-625-20170721-HNMR o =i i o i i
NP

o
I
*
N
O'/ =
L
N
|
o

S46



XGX-Thj-20171020-HNMR
XGX-Tbj—20171020-HNMR

rogr g
edcded

JUIL
!
s
x T ¥ T i T T —'— T T T T T T & T T T T ¥ T T T T T
10. 5 10,0 9.5 9.0 8.5 8.0 ] 7.0 b. 5 6.0 5 5.0 4.5 4.0 kL 3.0 28 2.0 o 0.5 0.0 -0.5
f1 (ppm)

S47



xgx(72

60

S48



GX-198

a
)
O e’ E50°1
o )
d |
2 == EE0]
MJ_ HlCC.H
|
ER—
= — F-96'0
— B0

8.0

(1]

9.0

(Fe]

10.0

f1 (ppm)

S49



XGX-1796-20170906-HNMR
XGX-1796-201T0906-HNMR o =

(/T

6q

i

1. 25

J,

=
=

L 4
SSE=RE8E

T
. 4.5
£l (ppm)

S50



XGX-2485-20170912-HNMR
XGX-2485-20170912-HNMR

|
I
o Oy
s

3. 36
i
5

L ”

7.2 'H and '3C NMR Spectra of Products

H]
fl

.0
(ppm)

S51

4,

5

4.0



GX158-20161108-HNMR e oo w6y

GX158-20161108-HNMR = e
Y Y
| |
- [ || |
{ I| ,| Il |
=4, | J ll | |
™
+/ NH“-\. i
N CH,
o (0]
Ba
|
' I
I Il
* R
oA N PRI Ty UMY | G o
L A I
2 & gz=s g
=] - S -] - o
T T T i T X T T T % T L T 3 T T T i T ¥ T T T % T L T 5 T T T K T ¥ T i T T T ] T . T T
13.5 12.5 11.5 10.5 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0

S52



efete o Tals o 1000

3
129

2

2

26, 32

< NHMe L3500

3000

2500

2000

1500

1000

~o00

T T T L B s B BN B ) IR B A -
110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

| | | T | | | | | |
210 200 190 180 170 160 150 140 130 120

S53



E =P U 00 =00 — O OO [ lls o]
. QU= =0 WO O W uw = = ——0
= 00 00 = 0~ = [~ b= = 0~ 0~ 0= 0= o od o
N | EENERY SR NE
N |
1 |
CH; O © |
8b P [

f1 (ppm)

S54

3000

2000

1500

—1000

500




G-630-20170803-CNMR

[
1

(G-630-20170803-CNMR .
| |
‘ = ’ﬁ\j
—/ +/’ NH\
hf \H/ CH,
CHy O o]
8b
I
|
19 5
AN T s :Tw.J aad e e i R L L LY I— oA
T 8 T 8 T 5 T 8 T ® T ® T ) T ) T & T $ T 3 T 3 T ] T ] T ¥ T 3 T 3 T
180 170 160 150 140 130 120 110 100 a0 E0 70 60 50 40 30 20 10

S55



311
3. 10

p €

Xa-216 =
| [
.' ]
| | |
.l [ 1]
8c
|
|
I I
|
Iﬁl
A L L
) I S
Z = RBES
= — & i i




8  K3]2]98L o ~5000
CH; | e i I LY I
= |«
H 2500
N
| i
o O
8c
~2000
F1500
~1000
500
|
|
: i
U
1 | ,
-—— T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

S57



11. 45

VPP

@~



X1713b

161. 27

Y

o o

8d

|

L M
T E T L T k: T 1 T . T T T T K T 5 T 5 T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 {(ppm)

S59



o~ ]
ke

PP =

SN
|

@

05 T1— —

X12142

i

—

e

) O

Rt

=0

0T

F180

11.0 10.5 10.0

11.5

12.0

Exl

12.

3.0

f1 (ppm)

S60



X12142 = = 2 e = B =
= #
| [ I |
CHy
0
f“f\
z NH.__
= &rrl‘ - ~cH,
o o]
8e
|
|
T - T ¥ T b T . T ol T ¥ T x T J T ¥ T ¥ T ol T ¥ T y T Lk T = T ¥ T E T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

S61



XG4-232 8 2na® E 8z
= % o o o o ool
Y Y | Y
| |
. [ o
{ I| I| [ ] |
J L i . /
I I I
]
| | I l
_ﬂk ,_,.JL__J\_JLJL_ .JLun ke ad N —_ n..._._./jk_ A
e o I | di
. EEEE -
s B e o e T e B B L B e e R E s —
153.0 1205 1220 1k:5: 10 1kbh 10.0 8.5 9.0 8h 8.0 7.5 T.0 6.5 6.0 b 50 4.5 4.0 3
f1 (ppm)

S62



X1712c

—

M. 83

25, 25

T
180 170 160 150

T T T
140 130 120 110 100 90 80 70

S63



XGXa-77-20170901-HNME
XGXa-77-20170901-HNME—

a1
.10

& =

F
S
NH
i “CH,
I
5
8g
|
H ll
I
[
A ﬂL_JL ,M . ,'L . A -
o o [l y
2 - 88 g
=] - — = o o5
T % T ' T 4 T j T U T T T ' T T 2 T T H T : T T T 3 T Y T T T
0 12,56 12.0 11.5 1.0 10.5 10.0 B 9.0 8.5 3.0 g 7.0 .8 GO . B LN 5 4.0 3.5 3.0 5 2. <8 1.0 L | R | P
£l (ppm)

S64



XGXa-T7-20170901-CNMR
XGXa-T7-20170901-CNMR

=]

VY

26. 33

190 180 170

T
160

150

140

T
130

T T T T T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30
f1 (ppm)

S65



XGX1236

11, 25

N e

8]

3. 11

310

1 L i

2 sz = H&

= g = ==
X T x T ¥ T z T : T X T X T ¥ T ¥ T 7 T o T % T X T L T 5 T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

S66



X1713d

180

170

160

T 1§ T h T h T x T £ T T T T T g T b T
140 130 120 110 100 90 80 70 60 a0
f1 (ppm)

S67

6. 38



X2282

29

11.

‘%
Irk:b
[
-

3. 00T

£
,|:
:
i
|
: |
| | I
| J J
|
|
| |
I
|
) | U A |
I ¢ =
2 = 5
e = =
| S R i
9.0 8.5 8.0

6.5 6.0
f1 (ppm)

S68



X2282

26. 38

[
| S Ry
= = MH.
Br A N ﬂ/ ~CH,
o 0
8i
|
‘ I
l 3 .
T T T T T ¥ T T T r T K T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 T0 60 a0 40 30 20 10
£l (ppm)

S69



XGX-2073-20171020-HNMR g i - i
XGX-2073-20171020-HNME = o ¢ e
| ] |
{ f
I |
f
|III |
|'f |II( IIr III/ |Ir | |
| | | | | |
o FAN Y / ! /
HJCRO
8i '
| |
|
Il ' Il ] ‘ M J
||rll | ||I|I || | |II II a !
S . NV, 5oL WO DR (R RN . - S - O A
x Sl ol “ 7
& =Z5 S S =
= i = o5 o5
- T ] T R S L A T T T L e T T S . P PR
8. 80 75 70 65 60 55 50 45 40 3.5 3.0 2.5 2.0 L5

T T T T
13.0 12.% 12.0 11.% 11.0 I10.5 10.0 9.5 9.0
f1 (ppm)

S70



XGX-2073-20171020-CNMR

XGX-2073-20171020-CMR & = & .3 % =
= = b = & =3
I I
H4iC
A
|
|| |
|
11
|
l |
, N \ | " o " |th.1.
T T T T T T T ¥ T T T ¥ T F T T F T L T v T L T ¥ T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£l (ppm)

S71



IT
|

52

Gw—3

A
't

8k

01T
WH_..___._ i

= 02
E00T
Bz

Ei01

E560

ﬁmm.c

10.5 10.0

12.0 11.5 11.0

iy

i

1

13.0

f1 (ppm)

S72



Gw—352-20170823-CNMR
Gw—352-201T0823-CNMR

31, 2l

26. 33

)

190 180 170 160 150 140 130 120 110 100 90 80 70

S73



Gx-32-20170823-HNVR = P -
Gx-32-20170823-HNMR ~ Sos tn
I ~ Y
I' ‘
il
/ [ | i
|
II| | I| |l| II | ||
J | | I |

8l

S74



Gx-32-20170823-CNMR
Gx—-32-20170823-CNMR

161. 66

T T T T T T T T
190 180 170 160 150 140 130

T
120

T
110

T
100

90

80

26.

£l (ppm)

S75



XGX-3058

10.91—=<

- Y SR - e ned

a1

3. 10

%

)

S76



XGX-3058-20170912-CNMR 5
XGX-3058-20170912-CNMR ~

A
F \ri‘_’ Tth"u"s
o Q

26, 33

T T
140 130 120

T
110

T
100

S77



XGXb-298-20170914-HNMR
XGXb-298-20170914-HNMR

—11. 34

i
e VA4 Jlx_Jk_Jbl
ke il A B
= 2 8 szg32%
S - o - S o o
T T T T T T X T ¥ T T T T T ¥ T T T x T x T T T
12. 5 11.5 10. 5 95 9.0 85 80 T.5

S78



XGXb-298-20170914-CNMR =

XGXb-298-20170914-CNUR 55 2 =
| [
=
Sy
\ri‘./ N EHy
o (#]

8n

T T T T
180 170 160 130 140 130 120

S79



Xac-10-20161220-HNMR g o s o
Xac~10-20161220-HNMR = PR B e R NN e 4
| I.‘r,l H(} ""-5::.,_}.1:_:_ B R e [ el ) | V
I i
| |
| |
i ir '[ | |
| { | ,I |

|
L

L‘_s_
b
C—

e

J 09413
0.91—x
2. 90-J

1 0.96-T

(=]

1
o
(=]
=-J
o
L=

=2
o
(=5
=
o
&n
L
=
.
o
.
=

[

&

(5]

(=]

[

o

[

=

—
o

13.0 12.5 12.0 11.5 1.0 10.5 10.0 9.5 9.0

S80



Xac—-10

160. 25

CH;

3, 65

14. 65

180 170 160 150

90 820 70 60 50 40
f1 {(ppm)

S81



X3214

S NG 5 T

L

o

E0 R

E-0LE

EoR'T

E08'1
B0 0

E95°0

E080

0.0

[Is]

10.0

10.5

0

11.

f1 (ppm)

S82



X3124

39

63

160.

e NN i i

M,
y

T i T T T [ T I T i T T T [ T I T
100 90 80 70 60 50 40 30 20
fl (ppm)

T T T T T T T T
180 170 160 130 140 130 120 110

S83



GX-123-20170823-HNMR
GX-123-20170823-HNMR

—11. 40

|
.f | Il | ||
| - Il |
,x'l | II ! { | I
|
NH___GHy
8q
I |
I |
| ) | I
.-"r'k (WS AL N S S i
g T ?
= = = 8
= = o o
e B B o e e L ma e o e e B e B I S B L AN e o e S I
3.5 125 11.5 10.5 9.5 9.0 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0
f1 {(ppm)

S84



GX-123-20170823-CNMR
GX-123-20170823-CNMR

M. 60
{. 67

— 160. 75
25, 69

CH;y O a

T ! T v T : T T T v T I T T T ) T v T : T T T ! T v T : T ) T v T I T T T ) T ! T
190 180 170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10 0 -1
fl (ppm)

S85



X2230-20161215-HNMR i 3 Gz
X2230-20161215-HNMR = : B
N
|
|' |
I
|I
; . .y I |
|II ( ! -l |I | | |
S | I ! I |
|
CHy
R
= NH CHa
hfr —
o o]
8r
|
| |
N | l |
|
_)"IL i I VRN - : ik oy B | SV U W, \\-—’h\
T Al T i f
F = ZEEE = ES =
= = e L =i =3 i
T T T T T T T T T T T T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 T 5 4 3 2

S86



X2230 o

CHy
8r
T T % T K T L T . T X T T T ¥ T 5 T ¥ T j T T T T T X T ) T ¥ T X T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

S87



aXGX126

oo o o & b=

v
|

L

e N
|'
|

|

"

S

SR T

e

Fseo

12.0 1.5 11L.0 10.5 10.0

12.5

3.0

f1 (ppm)

S88



aXGX246

L — o
R = =
[=] 1= = -
B I = =

10

56. 22

M. 65

T T T T T
180 170 160 150 140 130 120 110



XG-001-20161221-HNMR = P
XG-001-20161221-HNMR = E ::
|
|.
|.
,'f. | | III II ! |i
1
| POl | 4
I
Il l 1 “l
It
| Ll
N LA \ ——
L O
5 = = a
= = = =i
—

T T T
13.0 125 1220 11.h 11.0 0.5 10.0 9.5 9.0 8.h . i ¥ 2
f1 (ppm)

S90



XC-001 S s =
8t
I
I
1
I
Iy
. H . . N M . O] SR
: " Y wtpephasthmspesay - - o "
T T T T T i T > T T ' T ¥ T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10
1 (ppm)

S91



Gg-808-20170823-HNMR = oo e
Gg-808-201T0B23-HNMR s
| ~
I'
' - |
!' |
r If | II |I| || |
. [ | \
8u
|
! I| |
[
i
* | X L
A ) S A G
T R | i ik i
= -1 s 3 = &
= s = S o o
L I N W ] FRN o B AT T— Moow Do lgerls Sl + Loy Teod Lo = & = wloo st wdlee Tl shaeals - 1
13.0 12.5 12.0 11.5 11.0 .5 7.5 T.0 &5 6.0 3 20 15 1.0 0.5 00 -0.5
1 (ppm)

S92



Gg-808-20170823-CNMR
Gg-808-20170823-CNMR

M. 67
6

T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 0 -10
f1 (ppm)

S93



XGL-04 = ]
— .-q..-
| |
|
[ ||' | | ' [ i|
i J .'
cl =

'T"/ e

5] 0

8v

|
|
I
|
f ]
IX, I—Jk_-_LJ L ISP
L Il i 1
= = o — o5
T | T ) T S | T T T T T o ) e e T T I T T T T T
3.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3. 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

S94



XGL-04

70

M

14. 62

L

T T T T T T T y T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 20
f1 (ppm)

S95



X1b-212

34

11,

8w

0. 73

T T T T
5 11.0 10.5 10.0 9.5 9.

T
13.0 12.5 12.0 1L

S96



X1b—-212-20161220-CNMR =
X1b-212-20161220-CNMR &

c
Br N St

L |

14. 61

T kS T bl T 4 T 4y T . T n T
180 170 160 130 140 130 120

T T T T
110 100 90 80
1 (ppm)

S97

70

60

50 40



61— - =

8x

19°'11— -

XGX-004

0.0

[F=]

125 1Z2.0 11.5 11.0 10.5% 10.00 9.5 9.0

13.0

1 (ppm)

f

S98



XGX-004-20161223-CNMR

XCX-004-20161223-CNMR & £ - 7
| | | '
MNH CHs
\KCHs
CHs
8x
il
|
|
|
|
|
|
|
1l
. | 1 .
T . T T T . T T T T T ' T T T bt T T T L T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

S99



Ii._':”-":”- E-:__J R e S S S ]
SSSvps>

gL TI—

Xbb-189

= o
o

o

8y

F6IE

Foaso

0.0

(Tr]

12.5 12.0 11..5% 110 10.5 10.0

13.0

£l (ppm)

S100



Xbb-189

= 5 & 9
1
o 0 CHs
8y
| |
I 11
|
m l ‘
I, ) l 1 i | A
¥ T % T T T % T ¥ T % T H T T T T % T H T T ¥ T ¥ T % T T T % T T
180 170 160 150 140 130 120 110 100 90 80 70 60 30 40 30 20 10
f1 (ppm)

S101



CX-120

f r' _IJ. |

HaC
) \

g NH_ .CHy

i

i CHy

o] ] CHy

8z

0. 96—=

= {o9g -

S102



CX-120

159, 10

72

b1, 4
21, 42

T T T
100 90 80
f1 {ppm)

I T
180 170 160 150 140 130 120 110

S103



XLC-008

2 : 5 2
i | I 1
i'

) |
_J-"- jr J-"" J,-" J." Jlr J! .i
| [ T kﬂj
A A A X AU AL
IR b e e i i
2 2 2 L S = = =
it = o 2 T
= — (=] (=1 — - o =

T F T T ¥ T * T T T T L T T ¥ T F T Y T = T ¥ T ] T T T T T T T
13.0 126 120 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 =h 1. 6. 5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 ¥i 1.0 5] 0.0

S104



X17198

:
T
|
.
HaG™ |]'il S
P NH__.CH,

N
! Wr’ Hricm
o o] CHy

8aa

|

I

I |

|
I
Il
' ol o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40
fl (ppm)

S105



Xdd-152 =3

11.4

To90J -

.93

T T
.0 125 12.0 11.5 110 1

T
0.5

S106



Xdd-152 2 % =
£ s %
8ab
1
|
‘ ‘ L )/ L_ H.Ll_ Levsndh
T X T T T i T L T T T L T X T T ¥ T ™ T T T T T T T T
180 L70 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10

fl {(ppm)

S107



Xal-981 = s
. ,|,.
III
f ! {
S
> NHCHa
M
Br | j< CHy
o CH,
Bac
Il i
' I
A

1 0.90T

JI T gy S—
| 2mT

3.0 12.5

—
12.0 1

L.5

T T T
11.0 16.5 100 9.5 90 &5 30 T1Th T.0¢ 6.5 6.0

S108




Xal-981 © 2 = =
% g % o o
) T T . :
N
# NH CHy
Br "N \T<
. CHy
o] o CH
8ac
|
|
|
I
.
‘ J \ Lk,
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£l (ppmw)

S109



AGHed04-201701 11 -HNMR. 1. fitds
AGHed04-20170111-HNMR AL g

R e

Y

= 0] = LG T O = 0L
H-E

0 W = &
= = = [

= b= = =

8ad

A (-

y by i AR

: s88s g im5Ld

[=1 L =i Jod = =
I 1 I L I £ I I 4 I 1 ] 1 I I I I ¥ I I ) I I I I |
16 15 14 13 12 11 10 9 8 7 6 b 4 3 2 1 0 -1 -2 -3 -4

f1 (ppm}

S110

=000

= G000

= 5000

=000

= 3000

= 2000

= 1000

-0




XGXed04-20170111-CNME. 1. fids = e
XGXed0M-20170111-CNMRE o : R
I 1 IS
c
TR
- NH
N
|
o 0
8ad
e s s e i sy sttt - wy«-—bnd—-j ool il i gl b J ks
LA R PR DL T E T | | PP ERL T PO PRI PRSI P FTEL T AL LB EEL T FTOC Y NERRL N DL LI FEOE Y | 1. *
210 200 190 180 170 160 150 140 130 120 110 100 S0 80O 70 &0 &0 40 30 20 10 0O -10
f1 (ppm}

S111

=000

—an00

= 3000

~ 2500

= 2000

- 1500




{’d_gg‘l_EDITﬂBD‘l_H‘LHR 1 I'Injﬂ =5 0 Q) LOY LOY =t 2 T [ [Te] [ =0 Ly = = =11 = o0 00 30 = L = 0] o = -IEDDD
C-OB3-2017003-HNR  Zo  oCAEBEITEES £ HEsHERIEEREMOENIIANR
2 g | l ~11000
[ = 10000
R
L MH [ 9000
f‘ N F I
cH O 0 ; L5000
8ae - 7000
=G000
=5000
~4000
= 3000
= 2000
= 1000
| L. I | ’
7 f A b e
= o GRE & 2 ZEZ=2R
= = g = ) ciei==a F—1000
] ) ] . I ' | N | L} I F | ' ] 4 ] ] I | L) | I ! 1 : ] 1 ] I | I
16 15 14 13 12 11 10 a9 g 7 B ] 1 3 2 1 0 =1 -2 =3 -4
f1 {(ppm}

S112



Gd-983-20170803-CNIR. 1. fide  2@nRuz32a

_:"'": FJE?J
Gd-983-20170803-CNME o “gFFoimaey j %:r o i
| S I NS
Sy
- MH
CH: o Q
Bae
b bt ' e
| L - BN R L T A R L T P R L O A L L L LA T L |
210 200 190 180 170 160 150 140 130 120 110 100 90 &0 70 &0 65O 40 30 20 10 -10

fl (ppm)

S113



BAG-2

-20181203-HNMR. 1. fid
8AG-2-20181203-HNMR

= LG = ) [ — -
-r‘-c——i%x, Bmis

[l [T ia]-
EELEREEe

EEEE n-'c'-|:-|:--|:-- e g~

I |
iy Ty
L NH_ o~~~ _~NH =
¥
o o o
8af
Jl 3 1 L
¥ 1y i f
® RE=E s =
1 L] ] 1 1 I_.' ) ) _.'_._I_' 1 1 I_' ) -.JI 1 1 I I
16 15 14 13 12 11 10 ] 7 (] ) 1 3 -1 -2 -3 -4
f1 (ppm}

S114




BAG-2-20181203-CNMR. 1. fid =

BAG-2-20181203-CNMR g SossEssns i f
NSNS B

Ty Ty

N NH. o~~~ _~MNH =

i !

o o o o

8af
e T PR et e T e y . '._,u.u.-Lu -
L) ] L 1 L] ] L ] L) 1 ' 1 L 1 L ] 1 L] ] ] L) ] ] ¥ ] L] ] L ] L) ] L) ] L ] L ] L] ] ¥ ) L
210 200 190 180 170 160 150 140 130 120 110 100 90 8O 70 &0 O 40 30 20 10 -10

f1 (ppm}

S115

= 5000

~A4500

=000

= an00

~ 3000

=200

= 2000

= 1500




xgx—183 w
T
S
T : CHy
iy N N/ ‘
L EE LY |
CH4
9a
I
T, | I L
|
O e . ] ", -
K p A L f
gégs 2 & g
—_ e - = e
T T ¥ T T K T T T T T T T T T T T T
.0 .5 8.0 7.5 7.0 6.5 6. 0 h. b 5.0 4.5 4.0 3 b 3.0 2.5 2.0 1.5 1.0 0.5 0.0
fl (ppm)

S116



2 SIFEIE8 5 o
m | Sl | 3500
- Me L

N

Me 3000
9a

2500
2000
-1500
-1000

—500

= i A L T e S T L T B S S P e i i e i e T
210 200 190 180 170 160 150 140 130 120 110 100 90 8O 70 60 50 40 30 20 10 0 -10
f1 (ppm)

S117



XGXE-250

g s
i o
f
(f [/ f
JI 1 ;’I | |
CH
R 3
= CHy4
N T’/
CH4
9b I
|
TR | i l
AJI’I i, MmN A I
me . 4
EE=z2 B8 = ]
ST~ A < =i
T ! T ! T T T 1 T T T T T ! T T T 1 T T T T T T
9.0 . 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 .0 3.0 B 2.0 by 1.0 1 0.0
fl (ppm)

S118



XGX-3JF-20171031-CNMR
XGX-3]JF-20171031-CNMR

161, 84
145, 94
138. 0

41, 65
19. 90

T : T X T J T ; T T T
0o 190 180 170 160 100 90 80

f1 (ppm)

T T T T T
150 140 130 120 110

S119



DT-11. 26-3-20181130-HNMR. 1. f'id
DT-11. 26-3-20181 1 30-HNMR

,

6, 00 —=

13 0] —=

Sy
= CH
N N [
| { [
CHy Il
9c
fi. L f
EEEES
P
I " | n I | Y I I d I
12 11 10 9 8 7 5]
f1 (ppm)

S120




DT-11. 26-3-20181130-CNMR. 1. £id oS
DT-11. 26-3-20181130-CNMR == W e

i
36, §

—1049. 06

H,C

9c

™
ta A

18
21.14

3 | ] s | 2 | ! 1 ' | 5 | ] ] I 5 | o I i ] 2 | i I
210 200 190 180 170 160 150 140 130 120 110 100 90 B0
f1 (ppm)

S121

8000

m7000

me000

Fa000

~4000

3000

m2000

~1000




6-425-20170803-HNMR. 1. fid TUUBRSRERS = 8
G-425-20170803-HNMR P P s od
S [l
“‘-.\ |

e I,CHg {.

M rl" [ 1]]

9d

l}ﬂl | B (P

i) P
EEEE s =

o ] =

16

| ’ ] . I g I ' 1 X ] Lt I L 1 ! ] ¥ ] x I ! I .-' | L I ! I L, | : | L ] ! I
14 13 12 11 10 o B 7 6 5 4 3 2 1 0 -1 -2 -3 —4
fl (ppm)

S122

~ 25000

= 20000

= 15000

= 10000

m 5000




NGE-BJDMF-20171109-CMMRgl. fige =

XGX-BIDMF-20171109-CNIRE & =g __ ; _ f

| |1 ESSN |
- 1500

T

=z o 1

N N |

|
CH;, CH;,
9d - 1000

500
-0

rrr 1 Lrrrrr1rtrrrrrJrrrrirrTrrcor 7T J ¥ ' y
200 190 180 170 160 150 1400 1300 120 110 100 90 RO 7O 60 50 40 30 20 10 0
1 (ppm)

S123



DT-11.26-1-20181129-HNMR. 1. fid SECIRURETRETS =]
DT-11.26-4-2018112%-HNMR D - - 17- i e B
PNy = i
~G000
D -
Hac’f =
Er _-CHy = 5000
) | |
CH
9e 3
=000
= 3000
= 2000
= 1000
. ¥ - .h JL A =
K oy
22582 A B L
] e ] -
| I I 1 1 I I | | * I I 1 1 " I I | I I I 1 ]
16 15 14 13 12 11 10 9 8 7 ] 5 1 3 2 1 0 -1 -2 -3 -
f1 (ppm)

S124



DT-11. 26-4-20181129-CNMR. 2. fid = =@
DT-11.26-4-20181129-CNMR o = £ wng
\ RN
o
ch/ L
2~ ~CHy
o
CHy
%

]

— L1,
— 106, 18
3, 19

= 14000

= 13000

= 12000

- 11000

= L0000

=o000

= 8000

=000

=E000

= 5000

=000

=3000

= 2000

= 1000

=0

)
210 200 190 180 170 160 150 140 130 120

110 100 90 80

m—1000



NGE-206-20181 127-HNMR. 1. fid
NGE-206-20181 127-HNMR

—_—, 22

c -.\\
= _~CHy
|
C
of Hy

A {

ss88d8 =
I - I I I v L] | ) I " I I I L] b I I I I ] )
16 15 14 13 12 11 10 B 7 B 5 1 0 -1 -2 -3 -

f1 (ppm}

S126

=8000

=000

= G000

= 5000

=000

=3000

= 2000

= 1000




XGX-206-20181127-CNMR. 1. fidg
XGX-206-20181127-CNMR P

[T=]

= 1400

= 1300

— 108, &R
-8, (3

= 1200

= ;JlﬂD

3 = 1000
of Chy =500
800
=700
;HDD
=500
;JDD

= 300

—_——
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 &0 40 30 20 10 0O -10
fl (ppm}

S127



9H-20181203-HNMR. 1. fid CoNgETEenag T 5 59 =
GH-20181203-HNMR b b b b b b 0 o o e o o o] o el ol i
ps L W
| ~2500
= ;
H!_C/ a CHa |
s o
M
r\ I 1l . | 2000
gg CHa
= 1500
1000
=500
I..LJJJL . I ; A—/‘J 'D
AN Py i
SEISE s3 S
SoOSag =3 ed =
I I I I 1 i ) I I 1 I I 1 1 i 1 I 1 I I L ] 1 )
16 15 14 13 12 11 10 o 7 fi b 1 3 2 1 0 -1 -2 -3 -4
f1 (ppm)

S128



SH-Z20181203-CNMR, 1. fid

£ i 24 25 - - -
9H-20181203-CNMR ! 5 wss = 3 =
| TR I B | | |
o
chf =y CHa
=
M
gg CHa
] ] ] L ] L ] L ] ] L} ] ¥ ] L ] L} ] L] ] ] ] ¥ ] ] ] L] ] ] ] ) ] )
210 200 190 18O 170 160 150 140 130 120 110 100 S0 &8O 70 &0 BO 40 30 20 10 0 -10

f1 (ppm)

S129

= 3500

= 3000

2500

= 2000

= 1500

~ 1000

=500




¥3-214-20181127-HNMR. 1. fid

¥3-214-20181127-HMNMR PR m;n;~m~n;
x |
= d |
" O ] H
[
O
9h
S 4]
e i
T T T T T T T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7 b ] 1 3 2 1 ] -1 -2 -3 -4

f1 (ppm)

S130

=E000

= 5000

=000

=000

=2000

= 1000




X3-214-201E1127-CMMR. 1. fid &
X3-214-20181127-CMMR =
|

— 147, T4

10
—66. 90
a

L) ] N 1 L] ] ' ] L{ ] g 1 L] ] L} ] ° 1 B ] L} ] B ] L ] P ] L! ] o} ] " ] N ) i ) N ) L ) v ) L )
210 200 190 180 170 160 150 140 130 120 110 100 S0 8O 70 60 56O 40 30 20 10 0 -10
f1 (ppm)

S131



Kha2s

OO
= ﬁ

9i

EEooo

[F12000

[ 110K

I~ 10000

[

m L]

5000

[ 30K

- 100



006 Kb 228- 201 70 10 4-CHNR 4 SAE HEE ! )
NOXE-228-201T0 104-(NME = So = '
T 14 ¥/ 1 | Tk
O
@\/;[ /ﬁ
M
L/C- =3 50K1
g I 300K
=1 50K1
[~ 100K
" - ..i L | 4 '*.*J--J—l:l‘.‘i. I ’ H - Lo
_'; 1 206 |'..I':I I-I{I i) 1681 150 £ II‘EI I;'I I';I':I '.II':I -';':I '.il':l £ 1I':I _::I 14 ';I 10 i}
S133



NG X486

PREERFREEEHEERATR ZEREE

iy S | Y

40000

350

(=300

25000

P20

15000

S134



AGXA-486-20181 127-CNMR. 1. fig

XGYA-486-20181127-CNMR 2 o 2 d
= — = -1 = =2
I | I I |
CHy
S
= /\
N N
9 L\HMJ,D

9

— . . " ; . . ; ; . . ; —— ; ; ’ .
210 200 190 180 170 160 150 140 130 120 110 100 90 8O 70 &0 5RO 40 30 20 10 O -10
f1 {ppm)

S135



XGx-22

50000

a0

= 35000

M= 300

25000

2000

15000

[~ S00K

= — 5010



XGX1Te-20170110-CRME. L [Cid o 5

[ 3000

e= 201701 10-CHME _ o _ ; E

P SEKT
HaC . I

= ”#fﬁk1 2000
™ 150K1
[~ 100K

500

el MWW -

T T T T T T T T T T T T T T T T T T T T T T T
210 2040 15901 150 170 11 154 140 130 120 110 1414 G L] Ta il S} 10 ki ] 10 a 1d
[l Lppmd

S137



HEEZEED

e

ELEE

1. ¥

3
Jam~

[ 1500

™ 140K

™1 300

1 200

[~1 1000

™ 1000

gLl ]

a0

I Tam

[0

= 3000

1000

I~ 1000

S138



XG X6 ML T1109-(HME 1. Fid
RGN—G JML-2017 1 109-(NME

2400
2200

[~2000

-
HaC = 1500

a1 =140

1200
r“ 1000
:'Hljlnjl
it

[0

=200

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 1580 170 160 150 L] 1340 120 110 100 1] &l 10 L01] il &l 3 20 14 a 10

S139



14000

1 30K10

[ 1000

[FHOK

= 3000

S140



NGE-GLML-201T 110 1-(NME. 1. Cid =

5 -
NGX-GLML-20171101-(NME o : z

K
55060

e =501

Im L]

350K
[~ 300K
[r2aiK

200K

= 100K

21 200 194 180 170 16 150 140 130 120 110 100 i ] T il 50 ] ¢ 1] ] 14 a 10

S141



S142

FEN TSR | J\
i g i i T
= 2 &8 2 = z
p S = e -
T v T T T T T T T T T T T T
b 9.0 5 8.0 5 7.0 23] 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 L 0.0
fl (ppm)



HITO1T10-CNME 1. il 5
10-(HME -

—iii 06

3400

3 20K
[ 200K
[ 28K

S, 26K

9n

140

1200

= 100K

el

400

200

=200

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 130 170 160 150 140 130 120 110

S143



rs Al IBERLIAAAARE  BITBRRCE 7000
T-0- 7 4 — l = = = = = = = = = = A2 B3 £ B3 1 B0 BT B 0
h;ﬁ@*#g*#ﬁiﬁ il

'\
‘ L6000

Br "k N/ﬂxw LI H -5000
|V L. 114 | '

90

- 1000

-3000

~2000

= 1000

A e
ZERE= 28 L
e S
I L4 I v 1 ¥ ] v ) > I J I L] I I L I 1 L ] ] J I I I I I L 1 ) I
16 15 14 13 12 11 10 9 B T & b 1 3 2 1 0 =1 -2 -3 —4
f1 (ppm}

S144



X1227-9-20170104-CNMR. 1. fids 5 5 sagas = . £ 3000
X1227-9-20170104-CNMR ¢ % sagEns @ s =
P Sild ] | I
9500
T
= /\ i
Er M N
IV‘:‘ 2000
9o
- 1500
- 1000
- 500
= WRSEHUSRRIES NURRATpSSeweposnpal | ey

L ] i ) LS ) i ) L} ) N ) L; ] " ) L] ) N ) L; ] " ] L} ) N ] L; ] * ) L} ) N ) L; ] * ) L ) N ) L; ]
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0O -10
f1 (ppm)

S145



