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1. General information

All reagents, starting materials, and solvents were purchased from commercial
sources and used without treatment, unless otherwise indicated. All the solvents were
dried and newly distilled. NMR spectra were obtained on a Bruker AMX 400 system
using chloroform-d as deuterated solvents. The 'H-NMR spectra were recorded at 400
MHz in CDCls, and the *C-NMR spectra were recorded at 100 MHz in CDCls. All
shifts were given in ppm. All coupling constants (J values) were reported in Hertz (Hz).
Single crystal X-ray diffraction data were collected using a Bruker-AXS SMART
APEX2 CCD diffractometer (Mo Ka, A = 0.71073 A). High-Resolution Liquid
Chromatography-Mass Spectrometry was recorded on the Bruker MicrOTOF QII.
Column chromatography was performed on silica gel 100-200 mesh or 200-300 mesh.

Ethyl acetate and petroleum ether were used for column chromatography.



2. Preparation of starting materials’

Preparation of starting materials: 8-aminoquinoline (0.72 g, 5.0 mmol) was
dissolved in 10 mL of dichloromethane and cooled to 0 °C using an ice bath. NEt3 (0.55
g, 5.5 mmol) was added to the 8-aminoquinoline solution followed by the
corresponding acid chloride (5.5 mmol) dropwise. The mixture was stirred for 10 h at
room temperature. Then, the mixture was washed with sat. NaHCO3 (50 mL), and was
extracted with dichloromethane for three times (3 x 40 mL). The organic layer was
dried over NaxSOs. After filtration and evaporation, the amides were purified by

column chromatography through silica gel.
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3. Experimental section

3.1 Optimization of reaction conditions

Table S1 ~ Optimization for C5-selective cyanoalkoxylation reaction®

H o
o
o T(CN
catalyst, oxidant

N v AN solvent, temperature N |
Ia N PiVOH, 12 h, O, 2a Nx
Entry Catalyst Oxidant Temp (°C) Solvent Yield®

(%)
1ed Cu(OAc)2 PhI(OAc)2 90 CH3;CN 25
2¢:d Cu(OAc): TBHP 90 CH3CN 30
3e.d Cu(OAc)2 K>8,0s 90 CH3;CN 40
44 Cu(OAc)2 K>8,0s 90 CH3CN 50
5 Cu(OAc)2 K>8,0s 90 CH3CN 60

6 Cu(OAc):2 / 90 CH3;CN trace

7 Cu(NOs3)2:3H.0 K>8,0s 90 CH3;CN trace
8 NiSO4 K>8,0s 90 CH3;CN 15
9 [Ru] K2S20s 90 CH3;CN nr
10 Cu(OAc)2 K>8,0s 80 CH3CN 66
11 Cu(OAc)2 K>8,0s 75 CH3CN 68
12 Cu(OAc) K>8:0s 70 CH3CN 70
13 Cu(OAc)2 K>8,0s 60 CH3;CN 64
14 Cu(OAc)2 K>S,0s 100 CH3;CN 45
15 Cu(OAc):2 K2S20s 70 1,4-dioxane n.r
16 Cu(OAc)2 K>8:0s 70 DCE 10
17 Cu(OAc)2 K>8:0s 70 DCM 15
18 Cu(OAc)2 K>8,0s 70 CH30H 20
19 Cu(OAc):2 K2S20s 70 Toluene n.r
20 Cu(OAc)2 K>8,0s 70 DMF 10
21¢ Cu(OAc):2 K2S20s 70 CH3;CN n.r
22 Cu(OAc)2 PhI(OAc)2 90 CH3;CN 20

2 Reaction conditions: 1a (0.2 mmol), AIBN (4.0 equiv), catalyst (0.1 equiv), oxidant (1.0 equiv), PivOH (0.2
equiv), solvent (2.0 mL), under Oz for 12 h. ®Isolated yield. ¢ Under air. ¢ Oxidant (2.0 equiv). ¢ Under N>,

[Ru]= [Ru (p-cymene) Clz]2. n.r. = no reaction.



Table S2  Optimization for C5-selective cyanoalkylation reaction®

. H ] CcN
catalyst, oxidant
N ‘ + ABN solvent, temperature N |
" N PivOH, 24 h, N, LN
Entry Catalyst Oxidant Solvent Temp (°C)  Yield® (%)
1 NiSO4 PhI(OAc)2 CH3;CN 90 nr
2 NiSO4 K28:0s CH3;CN 90 24
3 NiSO4 AgCO3 CH3;CN 90 nr
4 NiSO4 (NH4)28208 CH3CN 90 nr
5 NiSO4 K2S20s 1,4-dioxane 90 trace
6 NiSO4 K2S20s THF 90 28
7 NiSO4 K2S20s DMSO 90 20
8 NiSO4 K2S20s CH3CN/H20(1/1) 90 nr
9 NiSO4 K2S20s CH3CN/DMSO(15/1) 90 27
10 NiSO4 K2S20s CH3CN/DMSO(10/1) 90 30
11 NiSO4 K2S20s CH3CN/DMSO(5/1) 90 32
12 NiSO4 K2S20s CH3CN/DMSO(3/1) 90 35
13 NiSO4 K2S20s CH3CN/DMSO(1/1) 90 30
14 NiClz K2S20s CH3CN/DMSO(3/1) 90 20
15 Ni(OTf)2 K2S20s CH3CN/DMSO(3/1) 90 22
16 Ni(dppf)2Clz K2S20s CH3CN/DMSO(3/1) 90 20
17¢ NiSO4 K2S:0s CH3CN/DMSO(3/1) 90 22
18¢ NiSO4 K2S:0s CH3CN/DMSO(3/1) 90 45
194 NiSO4 K2S:0s CH3CN/DMSO(3/1) 120 50
20¢ NiSO4 K2S:0s CH3CN/DMSO(3/1) 140 60
214 NiSO4 K2S:03 CH3CN/DMSO(3/1) 150 67
224 NiSO4 K>S:0s CH3CN/DMSO(3/1) 160 57
23¢ NiSO4 K>S:0s CH3CN/DMSO(3/1) 150 50
24 NiSO4 K2S:0s CH3CN/DMSO(3/1) 150 42
25 Cu(OAc)2 K2S:0s CH3CN/DMSO(3/1) 150 trace

2 Reaction conditions: 1a (0.2 mmol), AIBN (4.0 equiv), catalyst (10 mol%), PivOH (2.0 equiv), oxidant (2.0
equiv), solvent (2.0 mL), under Nz for 24 h. ®Isolated yield. ¢ Added 10 mol% Cu(OTf)2. ¢ Added 10 mol%
Cu(OAc)2.© Added 10 mol% Fe(acac)s. n.r. = no reaction.

3.2 Control conditions (without PivOH)

o Cu(OAc), 10 mol% \](CN
K5S,04 1.0 eq
] N + ABN —2
™ Ho \ 70°C, 12 h, O, N
NS

1a 2a, 50%

0o NiSO,4 10 mol%
K,S,052.0 e
@ N + AIBN 292Y8 q -
Ho G Cu(OAc), 10 mol% N
X 150 °C, 24 h, N, X
1a 3a, 52%



Scheme S1 Control conditions without PivOH

According to previous literatures, the C5 position activation of quinoline usually
required weak acidity, which could promote the addition of free radicals. ! We carried
out control experiments without PivOH, and the results showed corresponding yields

decreased, which indicated that pivalic acid was favorable to the reaction.

3.3 General procedures for C5-selective cyanoalkoxylation and cyanoalkylation

of N-(8-quinolinyl) amides

0 t o
10% mol Cu(OAc), 0 T(CN
R )J\N + AIBN 1.0 equiv K,S,04 R )J\
' H R, 0.2 equiv PivOH R N R
NX CH,CN, 70 °C, 12 h, O, N~ 2
1 2

N-(8-quinolinyl) amide 1 (0.2 mmol, 1.0 equiv), AIBN (0.8 mmol, 4.0 equiv),

Cu(OAc)2 (0.02 mmol, 0.1 equiv), PivOH (0.04 mmol, 0.2 equiv) were mixed in
CH3CN (2.0 mL) and stirred in a dried Schlenk tube under oxygen atmosphere at
70 °C for 12 h. After completion of the reaction (TLC monitored), it was cooled to
room temperature and transferred to a round bottom flask after dilution with CH>Cl>
dried over anhydrous Na;SOs. The solvent was concentrated under reduced
pressure and further purified by flash chromatography (SiO., petroleum ether/ethyl

acetate gradient), yielding the target product 2.

q CN
o) 10% mol NiSO, o
)J\ 2.0 equiv K,S,04
2.0 equiv PivOH )J\
R N
" H R, AIBN - ol Cu(OAc), R N R,
NX CH;CN/DMSO (3/1) N~
1 150 °C, 24 h, N, 3

N-(8-quinolinyl) amide 1 (0.2 mmol, 1.0 equiv), AIBN (0.8 mmol, 4.0 equiv),
NiSO4 (0.02 mmol, 0.1 equiv), PivOH (0. 4 mmol, 2.0 equiv), Cu(OAc)2 (0.02 mmol,
0.1 equiv) were mixed in CH3CN/DMSO (1.5 mL/0.5 mL) and stirred in a dried
Schlenk tube under nitrogen atmosphere at 150 °C for 24 h. After completion of the

reaction (TLC monitored), the organic layer was washed with H>O, and was extracted
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with dichloromethane. Then, the organic layer was dried over anhydrous Na>SO4, and
resulting organic solution was concentrated under reduced pressure and further purified
by flash chromatography (SiO», petroleum ether/ethyl acetate gradient), yielding the

target product 3.

3.4 Synthetic transformations of 2a and 3a

o) j( NH,
1 W(CN ' HCI, EtOH CN NaOH, EtoH ﬁ(
(N “T100°c H N BRI

12, 70% 11, 85%
HCI EtOH NaOH EtOH
100 °C 90 °C
0,
14, 85/ 13, 82%

Scheme S2 Functional groups transformation.

To demonstrate the potential application, the transformations of the products were
also investigated (Scheme S2). Upon treatment of 2a and 3a with NaOH in EtOH at
90 °C for 12 h, the corresponding amide derivatives 11 and 13 were obtained in 85%
yield and 82% yield, respectively. In addition, the 8-aminoquinoline directing group of
2a and 3a could be easily removed by simple acid hydrolysis, giving the corresponding

product 12 in 70% yield and 14 in 85% yield, respectively.

0
0 NH,
CN
N ‘ _ NaOM/EOH
Ho N 90°C, 12 h
2a

To a solution of 2a (0.2 mmol, 1.0 equiv) in 2.0 mL of EtOH, NaOH (0.8 mmol, 4.0
equiv) was added. The mixture was stirred at 90 °C for 12 h. Upon completion of room
temperature and evaporation of the solvent under reduced pressure, the residue was
purified by column chromatography (petroleum ether/EtOAc=2:1) to afford pure 11 as
a white solid in 85% yield.



0 Oj(

0
CN T<(?N
HCI/EtOH HN
N 100°C, 12 h . N |

To a solution of 2a (0.2 mmol, 1.0 equiv) in 4.0 mL of EtOH, concentrated HCI (2.0

mL) was added. The mixture was stirred at 100 °C for 12 h. Upon completion of room
temperature and evaporation of the solvent under reduced pressure, the residue was
purified by column chromatography (petroleum ether/EtOAc=5:1) to afford pure 12 as

a pale yellow solid in 70% yield.

(0]
CN

O 0
NaOH/EtOH
g N
0 H
N 90°C, 12 h N

13

NH,

To a solution of 3a (0.2 mmol, 1.0 equiv) in 2.0 mL of EtOH, NaOH (0.8 mmol, 4.0
equiv) was added. The mixture was stirred at 90 °C for 12 h. Upon completion of room
temperature and evaporation of the solvent under reduced pressure, the residue was
purified by column chromatography (petroleum ether/EtOAc=2:1) to afford pure 13 as
a white solid in 82% yield.

CN CN

HCI/EtOH

Tz

N~ 100°C, 12 h N
3a 14

To a solution of 3a (0.2 mmol, 1.0 equiv) in 4.0 mL of EtOH, concentrated HCI (2.0
mL) was added. The mixture was stirred at 100 °C for 12 h. Upon completion of room
temperature and evaporation of the solvent under reduced pressure, the residue was
purified by column chromatography (petroleum ether/EtOAc=5:1) to afford pure 14 as
a pale yellow solid in 85% yield.



4. The single crystal X-ray diffraction studies of N-(5-((2-cyanopropan-2-
yl)oxy)quinolin-8-yl)-2-methylbenzamide 2a

Single-crystal X-ray structure of 2a

11 N1

Table S3. Crystal data and structure refinement for 2a.

Identification code 2a

Empirical formula C21Hi9N3 O2

Formula weight 345.39

Temperature 150 2) K

Crystal system Orthorhombic

Space group Pna2l

Unit cell dimensions a=12.4892 (11) A alpha =90 deg.
b=7.3635(6) A beta = 90 deg.
€c=18.9497 (17) A gamma = 90 deg.

Volume 1742.7 (3) A"3

Z, Calculated density 4, 1.316 Mg/m"3

Absorption coefficient 0.087 mm~-1

F (000) 728.0



Crystal size

Theta range for data collection

Limiting indices

Reflections collected

Independent reflections

Data / restraints / parameters

Goodness-of-fit on FA2

Final R indices [1>2 sigma ()]

R indices (all data)

Largest diff. peak and hole

Flack parameter

0.220 x 0.200 x 0.180 mm

3.262 t0 52.75 deg.

-15<=h<=15, -9<=k<=4, -23<=|<=21

9497

3459 [Rint = 0.0519, Rsigma = 0.0425]

3459/1/239

1.049

R1 =0.0403, wR2 = 0.0896

R1 =0.0526, wR2 = 0.0957

0.19 and -0.17 e.A"-3

-0.5(7)

5. Mechanism investigation

5.1 Isotopic labeling experiments

(0]
N
1
()é)LH N
@ N
Q)kH "
Cl

N-(8-quinolinyl) amide 1 (0.2 mmol, 1.0 equiv), AIBN (0.8 mmol, 4.0 equiv),
Cu(OAc): (0.02 mmol, 0.1 equiv), PivOH (0.04 mmol, 0.2 equiv) were mixed in
CH3CN (2.0 mL) and stirred in a dried Schlenk tube under 80, atmosphere at 70 °C
for 12 h. After completion of the reaction (TLC monitored), it was cooled to room
temperature and transferred to a round bottom flask after dilution with CH2Cl,. The

solvent was concentrated under reduced pressure and further purified by flash

Cu(OAc), (0.1 eq) ”*Oj(
K2S,04 (1.0 eq) CN
+ AIBN

o)
- N
CH4CN, 70 °C, 12 h, 80, X

PivOH (0.2 eq)
180-2a', 64%

Detected by HRLC- MS’ M+H] found 348.1599)

o

180.-2g", 59%
Detected by HRLC-MS! (IM+H]" found 368.1063)

Cu(OAc), (0.1 eq)
_K9S05(1.0eq)

PivOH (0.2 eq)
CH4CN, 70 °C, 12 h, "%0, CI

+ AIBN

10



chromatography (SiO., petroleum ether/ethyl acetate gradient), providing the product

80-2a’ and '*0-2g’ (isolated yields 64% and 59%). The product '*0-2a’ (peak 3.7 min)

was analyzed by HRMS. HRMS (ESI): m/z: caled for [M+H]" C21H19N30"0:

348.1592, found: 348.1599. The product '*O-2g’ (peak 4.05 min) was analyzed by

HRMS. HRMS (ESI): m/z: caled for [M+H]" C20H16sCIN30'30: 368.1046, found:

Selected Chromatogram Report
Intenss: WCX20200615-1_P1-A-1_01_14983.d: TIC +AI MS]
x108]
2.5
2.0
1.5
1.04
0.51 Y
05 1.0 15 2.0 25 3.0 35 40 45 Time [mir]
Mass Spectrum SmartFormula Report
Analysis Info Acquisition Date  2020/2/6 10:05:30
Analysis Name  C:\Users\DELL\Deskiop\if — &5 2148 \/7 3% #14B WCX20200615-1_P1-A-1_01_14983.d
Method le-ms-hr-low.m Operator zlwei
Sample Mame WCX20200615-1 Instrument / Ser# micrOTOF-CL 11 10351
Comment
Acquisition Parameter
Source Type ESI lon Polarity Paositive Set Nebulizer 0.5 Bar
Focus Active Set Capillary 4500 W Set Dry Heater 200 &
Scan Begin 50 miz Set End Plate Offset  -500 V Set Dry Gas 8.0 limin
Scan End 1200 miz Set Collisicn Cell RF - 100.0 Vpp Set Divert Valve Waste
Intens. | +M3, 3.7min #222
x102
5-
g
. 3481599
280.1094
2]
370.1404
0 T — f T T | ' — T — T —
200 250 300 350 400 450 500 550

Figure S1 LC-MS analysis of the 80-labled product 2a’.
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Selected Chromatogram Report

Imel'lsé? WCX20200615-2_P1-A-2 01_14884.4: TIC +AI M5
1097

2.5

2.0

A

"o 10 1% 20 25 ap 35 40 4% "Time [min]

Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date  2020/2/6 10:11:54
Analysis Name  C-\Users\DELL\Desktop\58 — &8 #11F & 15 #7118 WCX20200615-2_P1-A-2_01_14984 d

Method le-ms-hr-low.m Operator Zlwei

Sample Name  WCX20200615-2 Instrument / Ser# micrOTOF-Q Il 10351
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.6 Bar
Focus Active Set Capillary 4500V Set Dry Heater 200 fF
Scan Begin 50 miz SetEnd Plate Offset =500V Set Dry Gas 2.0 U'min
Scan End 1200 miz Set Collision Cell RF 100.0 Vpp Set Divert Valve Waste
Intens. | S, 4.0min #240
x102
6
300.0561 3681063
4
2_
0 | b
200 250 300 350 400 450 500 550 miz

Figure S2 LC-MS analysis of the '*O-labled product 2g’.

5.2 Unreacted substrates.

Several quinoline analogues were undertaken under the standard conditions (Figure
S3). Quinoline analogues without an amido bond (4, 5) were ineffective. However,
substrates N-methyl-N-(8-quinolinyl) benzamide (6), the naphthylamide derivatives (7)
and (8) were inactive in the reaction. These results indicated 8-aminoquinoline amide
skeleton and free NH were necessary for cyanoalkoxylation and cyanoalkylation

reactions.

12
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Figure S3 Unreacted substrates.

To gain insight into the reaction mechanisms, some control experiments were
carried out (Scheme S3). Only a trace of the desired products 2a and 3a was obtained
in the presence of radical scavenger TEMPO (3.0 equiv.), which implied the
involvement of free radical in the reaction pathway (eq 1 and eq 2). Furthermore, we
tried to capture cyanopropyloxyl radical and cyanopropyl radical by using 3.0 equiv. 1,

I-diphenylethylene, and radical coupling products 9 and 10 were detected via LC-MS

o \](
CN
N TEMPO (3.0 eq
) H N ‘ Standard condition A
N
1a

2a, <5%

o)
TEMPO (3.0 eq
(2) N
Ho N | Standard condition B
1a

3a, trace

JL _PivOH (0.2 eq) _ /E %CN
() ABN + py

Ph K2S,04 (1.0 eq)
CH4CN, 70 °C,12 h, 02

(eq 3 and eq 4).

Detected by HRLC-MS! ([M+H]* found 264.1387)
PivOH (2.0 eq) cN
)L K,S,04 (2.0 eq)
Ph " CH,CN/IDMSO (311) \
150 °C, 24 h, N, Ph Ph
10
Detected by HRLC-MS! ([M+H]* found 248.1432)

(4 ABN * o

Scheme S3 Investigation of the radical pathway.

5.3 Radical control experiments.
We performed control experiments through changing the gas composition under
standard conditions (Scheme S4). For the cyanoalkoxylation reaction, the yield of

product 2a decreased under air (eq 1), and cyanoalkoxylation did not occur under

13



nitrogen atmosphere (eq 2). For the cyanoalkylation reaction, only trace of product 3a
was obtained under air (eq 3), product 3a was completely undetectable under oxygen
atmosphere (eq 4). The results showed that gas composition was an important factor for

the formation of different radicals.

o) Cu(OAc), 10 mol% \](
28205109 CN
N + AIBN
M Hooy PVOH02eq

1a CH4CN, 70 °C, 12 h, a|r 2a 55%
o Cu(OAc), 10 mol%
KoS:051.0eq T(CN
+ ABN
@ N \ PvOHO2eq
12 S CH4CN, 70°C, 12 h, N2
a 2a,n.r
NiSO4 10 mol%
(0] K3S8,052.0 eq
PivOH 2.0 eq
®) N I+ ABN cuoAc), 10 mol%
Nx CH3CN/DMSO (3/1) Nx
1a 150 °C, 24 h, air 3a, trace
NiSO, 10 mol% CN
o K,S,052.0 eq 0o
N . apy POH20eq
@ oL Cu(OAc), 10 mol% N \
X CH3CN/DMSO (3/1) Nx
1a 150 °C, 24 h, O, 3a, nr

Scheme S4 Radical control experiments.

5.4 Study of Ni valence number change by UV.

0 NiSO,4 10 mol%
PivOH 2.0 eq
CH;CN/DMSO (3/1)

150 °C, 24 h, N,

1 N UV measurement
(1 H
1a

NiSO, 10 mol%

NE\ j
O K,S,042.0 eq
) N PivOH 2.0 eq UV measurement
Ho N - CH;CN/DMSO (3/1)
150 °C, 24 h, N,

NiSO, 10 mol%
PivOH 2.0 eq

CH,;CN/DMSO (3/1)
150 °C, 24 h, N,

+ AIBN

3) N UV measurement

Scheme S5 Mechanism research.
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Figure S4 UV absorption of three reaction solutions.

After the above reactions were completed (Scheme S5), we tested the UV
absorption wavelength of the above three reaction solutions after filtration. First, we
tested the UV absorption wavelength of substrate 1a dissolved in CH3CN/DMSO (3/1)
solvent, and the measured spectrum was black as shown in line 1 for a reference; the
spectrum of the first reaction solution was red as shown in line 2; the spectrum of the
second reaction solution was green as shown in line 3; the third reaction solution was
plotted in blue as shown in line 4 (Figure S4). According to the changes of the
maximum absorption wavelength of the three reaction solutions, only the third
reaction was red shifted (about at 330 nm, line 4), while the second reaction did not
change. Therefore, we suspected that the reaction mechanism might be that the SET
process firstly took place, and divalent nickel converted into monovalent nickel
preferentially.

5.5 Computational details for cyanoalkylation reaction.

1*4in gas

All geometry optimizations were performed by the B3PW91-D3 functiona
phase, where the D3 denotes the third-generation dispersion correction by Grimme and
co-workers.” The Stuttgart-Dresden-Bonn basis sets® were employed for valence
electrons of Ni and Cu with effective core potentials representing their core electrons
and 6-311+G(d) basis sets were used for other atoms. Solvation effect (acetonitrile) was

evaluated with polarizable continuum model (PCM).” In this work, thermal correction

15



and entropy contribution to the Gibbs energy were evaluated at 298.15 K and 1 atm. All

these calculations were carried out with Gaussian 09 program.®

H Ro
N N
~ ~
N R SET N .
(1) O N—Nil, + 2 — > 0 N—jil_ 2G’=-7.7kcal/mol
Y HSO, Y HSO,
R R,
H R H R
AN (o) N
@ )+ 112K,8,04 oL ¢ + 112 K;80, + 1/2H,80, 2G’=7 63kcal/mol
O N—il_ O N—Nit
Y HSO, Y HSO,
R R
N [O] A o
®) o+ 12K,8,0 T ) * 12K380, + 1/2HpS04  G'=-10.7kcal/mol
N N
Oy N—ni O N—iil
Y “Hso, Y HSO,
R R
H R
AN N
~
4 N
@ N R, _SET ; 4G’=10.64kcal/mol
Oy N—nil! O N—Nill_
Y 04 Y HSO,
R R,

Scheme S6 The Gibbs energy of reaction for the SET and oxidation process of Ni'' complex.

There are two plausible pathways for conversion of Ni'' complex. In the first pathway,
the Ni'" complex firstly converts to a Ni' complex through a SET process (eq 1), and
then the reductive Ni'is oxidized by the K2S;0s (eq 2). In the second pathway, the Ni'"
complex is firstly oxidized by the K,S20s (eq 3) to a Ni'' complex, and then a SET
process occurs (eq 4). As shown in Scheme S6, the Gibbs energy of reaction (AG®) of
eq (1) is -7.7 kcal/mol suggesting that this SET process is exoergonic and will occur
easily. However, AG® of eq 4 is 10.6 kcal/mol, suggesting this SET process is
endoergonic and such SET process is difficult to occur. These results indicate that the
SET process would occur prior to the oxidation process, which is consistent with the

experimental results as shown in Figure S4 about the study of Ni valence state change.
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Figure S5 The geometry and energy change in the elementary step of proton transfer in the
absence(1)/presence(2) of Cu(OAc)..

It is interesting that yield of the reaction increased with cooperation of the
Cu(OAc),. To understand the effect of Cu(OAc)., we calculated the Gibbs energy of
activation (AG®?) in the absence/presence of Cu(OAc), as shown in Figure S5. Results
showed that the AG®* decreases 4.7 kcal/mol in the presence of Cu(OAc),, which was
consistent with the experimental results that yield of the reaction increased in the
presence of the Cu(OAc).. As shown in the structure of TS(Cu), the Cu—N distance
was 3.005 A and Cu—O distance was 2.464 A, respectively. It indicateed that the
coordination between cyano and carbonyl groups and Cu" stabilized the TS(Cu) more

than INT(Cu), which decreased the AG*.
6. Characterization data of products

2a:
(0]
éi . [ Ko
N
H \
N~

White solid, isolated yield: 70%; '"H NMR (400 Hz, CDCls) &: 10.07 (s, 1H), 8.91 (d, J = 8.6 Hz, 1H),
8.80 (dd, /=4.2, 1.7 Hz, 1H), 8.47 (dd, J = 8.5, 1.7 Hz, 1H), 7.67 (d, /= 7.4 Hz, 1H), 7.55 (d, /= 8.6
Hz, 1H), 7.49 (dd, J = 8.5, 4.2 Hz, 1H), 7.43 — 7.38 (m, 1H), 7.33 (t, J = 7.3 Hz, 2H), 2.60 (s, 3H), 1.85
(s, 6H). *C NMR (101 MHz, CDCls) 6: 168.07 (s), 148.79 (s), 144.72 (s), 139.21 (s), 136.69 (s), 136.57
(s), 131.56 (s), 131.38 (s), 131.31 (s), 130.34 (s), 127.25 (s), 126.02 (s), 123.40 (s), 121.52 (s), 120.68
(s), 116.22(s), 116.02 (s), 72.74 (s), 27.54 (s), 20.20 (s). HRMS (ESI): m/z: calcd for [M+H]" C21H;9N30z:
346.1550, found: 346.1548.
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2b:

st

White solid, isolated yield: 54%; 'H NMR (400 MHz, CDCls) &: 10.59 (s, 1H), 8.90 (d, J = 8.6 Hz, 1H),
8.87 (d, J=4.1 Hz, 1H), 8.47 (dd, J= 8.4, 1.3 Hz, 1H), 8.06 (d, J = 6.5 Hz, 2H), 7.58 — 7.49 (m, SH),
1.83 (s, 6H). 3C NMR (101 MHz, CDCl;) 8: 165.37 (s), 148.83 (s), 144.68 (s), 139.35 (s), 131.86 (s),
131.36 (s), 130.51 (s), 129.70 (s), 128.82 (s), 127.26 (s), 123.58 (s), 123.40 (s), 121.56 (s), 116.19 (s),
116.06 (s), 72.69 (s), 27.53 (s). HRMS (ESI): m/z: caled for [M+H]" CH;7N30,: 332.1394, found:
332.1391.

2¢:

0
0
CN
N
H |
NX
Br

White solid, isolated yield: 71%; 'H NMR (400 MHz, CDCl;) &: 10.17 (s, 1H), 8.92 (d, J = 8.5 Hz, 1H),
8.81 (d, J=3.9 Hz, 1H), 8.47 (d, J= 8.4 Hz, 1H), 7.70 (t, /= 8.3 Hz, 2H), 7.56 (d, /= 8.5 Hz, 1H), 7.50
(dd, J=8.4,4.1 Hz, 1H), 7.45 (t, J= 7.5 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 1.85 (s, 6H). *C NMR (101
MHz, CDCls) 6: 165.76 (s), 148.90 (s), 145.02 (s), 139.21 (s), 138.23 (s), 133.69 (s), 131.54 (s), 131.31
(s), 131.07 (s), 129.61 (s), 127.68 (s), 123.35 (s), 121.59 (s), 120.65 (s), 119.69 (s), 116.41 (s), 115.99
(s), 72.69 (s), 27.53 (s). HRMS (ESI): m/z: caled for [M+H]" CyHsBrN3O2: 410.0499, 412.0478,
found: 410.0492, 412.0477.

2d:
c o OT(CN
v
N~

White solid, isolated yield: 73%; '"H NMR (400 MHz, CDCl;) &: 10.37 (s, 1H), 8.93 (d, J = 8.6 Hz, 1H),
8.82(d,J=3.7 Hz, 1H), 8.48 (d, /J=8.4 Hz, 1H), 7.82 (dd, /= 7.2, 1.8 Hz, 1H), 7.56 (d, J= 8.6 Hz, 1H),
7.53 —7.47 (m, 2H), 7.47 — 7.40 (m, 2H), 1.85 (s, 6H). '*C NMR (101 MHz, CDCl5) 8: 164.73 (s), 148.92
(s), 145.00 (s), 139.26 (s), 135.72 (s), 131.56 (s), 131.28 (s), 131.19 (s), 131.15 (s), 130.53 (s), 130.14
(s), 127.19 (s), 123.34 (s), 121.58 (s), 120.66 (s), 116.45 (s), 116.00 (s), 72.69 (s), 27.53 (s). HRMS (ESI):
m/z: calcd for [M+H]" C20H16CIN;O,: 366.1004, found: 366.1002.

2e:

o
S o j(
CN
N
H \
N

White solid, isolated yield: 73%; '"H NMR (400 MHz, CDCl;) &: 12.23 (s, 1H), 8.99 (d, J = 8.6 Hz, 1H),
8.87 (d,J=2.8 Hz, 1H), 8.43 (d, /= 8.4 Hz, 1H), 8.34 (d, /= 7.7 Hz, 1H), 7.55 — 7.44 (m, 3H), 7.12 (t,
J=17.5Hz, 1H), 7.05 (d, J = 8.2 Hz, 1H), 4.16 (s, 3H), 1.82 (s, 6H). 3C NMR (101 MHz, CDCl;) &:
163.47 (s), 157.71 (s), 148.79 (s), 144.46 (s), 139.75 (s), 133.18 (s), 132.55 (s), 132.28 (s), 131.09 (s),

Iz
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123.41 (s), 122.18 (s), 121.35 (s), 121.28 (s), 120.83 (s), 116.65 (s), 116.33 (s), 111.61 (s), 72.67 (s),
56.11 (s), 27.50 (s). HRMS (ESI): m/z: calcd for [M+H]" C21H19N3O3: 362.1499, found: 362.1494.
2f:

0

White solid, isolated yield: 72%; 'H NMR (400 MHz, CDCl;) &: 10.56 (s, 1H), 8.89 (d, J = 8.6 Hz, 1H),
8.87(dd, J=4.6,2.1 Hz, 1H), 8.46 (d, /= 8.5 Hz, 1H), 7.97 (d, /= 8.1 Hz, 2H), 7.54 (d, J= 8.6 Hz, 1H),
7.51 (dd, J = 8.5, 4.3 Hz, 1H), 7.34 (d, J= 7.9 Hz, 2H), 2.45 (s, 3H), 1.83 (s, 6H).!*C NMR (101 MHz,
CDCls) o: 165.36, 148.78, 144.56, 142.37, 139.34, 132.25, 131.50, 131.33, 129.48, 127.27, 123.40,
121.52, 120.72, 116.24, 115.95, 72.70, 27.52, 21.55. HRMS (ESI): m/z: calcd for [M+H]* C21H9N30:
346.1550, found: 346.1549.

2g:
(0]
i %K
jog
H |
N~
Cl

White solid, isolated yield: 65%; '"H NMR (400 MHz, CDCl;) &: 10.55 (s, 1H), 8.86 (dd, J=5.0, 3.4 Hz,
2H), 8.47 (dd, J= 8.5, 1.5 Hz, 1H), 8.00 (d, J = 8.5 Hz, 2H), 7.55 — 7.49 (m, 4H), 1.84 (s, 6H). 3*C NMR
(101 MHz, CDCl3) 6: 164.22 (s), 148.89 (s), 144.86 (s), 139.29 (s), 138.14 (s), 133.43 (s), 131.41 (s),
131.05 (s), 129.08 (s), 128.69 (s), 123.35 (s), 121.62 (s), 120.65 (s), 116.15 (s), 115.99 (s), 72.66 (s),
27.52 (s). HRMS (ESI): m/z: calcd for [M+H]" C20H;6CIN3O,: 366.1004, found: 366.1001.

2h:
(0]
i %%
o
YT
| NS

White solid, isolated yield: 70% ; 'H NMR (400 MHz, CDCls) &: 10.57 (s, 1H), 8.95 — 8.82 (m, 2H), 8.49
(d, J = 8.3 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.79 (d, J = 8.3 Hz, 2H), 7.53 (dd, J = 12.4, 6.4 Hz, 2H),
1.85 (s, 6H). *C NMR (101 MHz, CDCls) &: 164.49 (s), 148.91 (s), 144.87 (s), 139.25 (s), 138.03 (s),
134.46 (s), 131.42 (s), 130.99 (s), 128.82 (s), 123.34 (s), 121.65 (s), 120.65 (s), 119.11 (s), 116.13 (s),
115.95 (s), 72.67 (s), 27.50 (s). HRMS (ESI): m/z: calcd for [M+H]* CaoHi16IN3O2: 458.0360, found:
458.0359.

2i:

White solid, isolated yield: 69%; *H NMR (400 MHz, CDCls) 6: 10.57 (s, 1H), 8.90 (d, J = 8.6 Hz, 1H),
8.86 (dd, J=4.1, 1.4 Hz, 1H), 8.46 (dd, J = 8.5, 1.4 Hz, 1H), 7.99 (d, J = 8.1 Hz, 2H), 7.54 (d, J = 8.6
Hz, 1H), 7.50 (dd, J = 8.5, 4.2 Hz, 1H), 7.37 (d, J = 8.1 Hz, 2H), 2.75 (g, J = 7.6 Hz, 2H), 1.83 (s, 6H),
1.29 (t, J = 7.6 Hz, 3H). 3C NMR (101 MHz, CDCls) &: 165.37 (s), 148.77 (s), 148.58 (s), 144.54 (s),
139.34 (s), 132.51 (s), 131.54 (s), 131.32 (s), 128.30 (s), 127.37 (s), 123.40 (s), 121.52 (s), 120.73 (s),
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116.26 (s), 115.93 (), 72.70 (s), 28.87 (s), 27.52 (s), 15.34 (s). HRMS (ESI): m/z: calcd for [M+H]*
CaoH21N30,: 360.1707, found: 360.1702.
2j:

0]

i

White solid, isolated yield: 60%; *H NMR (400 MHz, CDCls) &: 10.51 (s, 1H), 8.89 (d, J = 8.7 Hz, 2H),
8.47 (d, J = 8.4 Hz, 1H), 7.64 (s, 2H), 7.56 — 7.48 (m, 2H), 7.20 (s, 1H), 2.43 (s, 6H), 1.83 (s, 6H). 1°C
NMR (101 MHz, CDCl3) &: 165.78 (s), 148.83 (s), 144.57 (), 139.33 (s), 138.48 (s), 135.09 (s), 133.51
(s), 131.48 (s), 131.34 (s), 124.98 (s), 123.38 (s), 121.53 (s), 119.10 (s), 116.19 (s), 116.03 (s), 72.69 (s),
27.50 (), 21.37 (s). HRMS (ESI): m/z: calcd for [M+H]* Co2H21N30,: 360.1707, found: 360.1705.

2k:
(@]
N

White solid, isolated yield: 62%; 'H NMR (400 MHz, CDCIs) 8: 10.56 (s, 1H), 8.91 (d, J= 8.7 Hz, 1H),
8.88 (d,J=3.9 Hz, 1H), 8.48 (d, /= 8.4 Hz, 1H), 7.88 (s, 1H), 7.85 (d, /J=7.6 Hz, 1H), 7.55 (d, /= 8.6
Hz, 1H), 7.52 (dd, J = 8.5, 4.3 Hz, 1H), 7.46 — 7.37 (m, 2H), 2.48 (s, 3H), 1.84 (s, 6H). 1*C NMR (101
MHz, CDCls) 6: 165.60 (s), 148.81 (s), 144.62 (s), 139.36 (s), 138.71 (s), 135.09 (s), 132.62 (s), 131.47
(s), 131.34 (s), 128.66 (s), 128.05 (s), 124.18 (s), 123.39 (s), 121.53 (s), 120.72 (s), 116.23 (s), 116.05
(s), 72.69 (s), 27.54 (s), 21.50 (s). HRMS (ESI): m/z: caled for [M+H]" Ca21H19N302: 346.1550, found:
346.1548.

2l:

O
(6]
o CN
-~ N
H \
N~

White solid, isolated yield: 68%; 'H NMR (400 MHz, CDCl;) &: 10.58 (s, 1H), 8.89 (d, J = 8.6 Hz, 1H),
8.87 (dd, /=4.2, 1.6 Hz, 1H), 8.47 (dd, /= 8.5, 1.6 Hz, 1H), 7.62 (dd, J=4.0, 2.0 Hz, 2H), 7.55 (d, J =
8.6 Hz, 1H), 7.51 (dd, J=8.5,4.2 Hz, 1H), 7.45 (t, J= 8.1 Hz, 1H), 7.12 (dd, J=7.8, 2.1 Hz, 1H), 3.91
(s,3H), 1.84 (s, 6H). '3C NMR (101 MHz, CDCI;) 8: 165.20 (s), 160.02 (s), 148.85 (s), 144.70 (s), 139.35
(s), 136.58 (s), 131.36 (s), 131.33 (s), 129.80 (s), 123.39 (s), 121.56 (s), 120.70 (s), 119.04 (s), 118.05
(s), 116.16 (s), 116.05 (s), 112.65 (s), 72.68 (s), 55.53 (s), 27.53 (s). HRMS (ESI): m/z: caled for [M+H]"
C21H19N303: 362.1499, found: 362.1495.

2m:

"

20



White solid, isolated yield: 58%; 'H NMR (400 MHz, CDCIs) 6: 10.58 (s, 1H), 8.90 (d, J = 8.6 Hz, 1H),
8.86 (dd, /=4.2, 1.6 Hz, 1H), 8.47 (dd, J= 8.5, 1.6 Hz, 1H), 8.01 (d, J = 8.4 Hz, 2H), 7.57 (d, J = 8.8
Hz, 3H), 7.51 (dd, J= 8.5, 4.2 Hz, 1H), 1.84 (s, 6H), 1.38 (s, 9H). 3C NMR (101 MHz, CDCl5) : 165.39
(s), 155.40 (s), 148.77 (s), 144.54 (s), 139.35 (s), 132.26 (s), 131.55 (s), 131.33 (s), 127.12 (s), 125.77
(s), 123.42 (s), 121.52 (s), 120.72 (s), 116.32 (s), 115.95 (s), 72.71 (s), 35.03 (s), 31.20 (s), 27.53 (s).
HRMS (ESI): m/z: caled for [M+H]* C24H25N305: 388.2020, found: 388.2020.

2n:

O
(0]
e
S N ‘
\ (6] N

White solid, isolated yield: 50%; 'H NMR (400 MHz, CDCl;) &: 10.64 (s, 1H), 8.91 (dd, J=4.2, 1.6 Hz,
1H), 8.84 (d, J= 8.6 Hz, 1H), 8.47 (dd, J = 8.5, 1.6 Hz, 1H), 7.63 (s, 1H), 7.55 — 7.50 (m, 2H), 7.30 (d,
J=3.4Hz, 1H), 6.59 (dd, J=3.5, 1.7 Hz, 1H), 1.84 (s, 6H). 3*C NMR (101 MHz, CDCls) &: 156.29 (s),
148.94 (s), 148.28 (s), 144.78 (s), 144.52 (s), 139.25 (s), 131.28 (s), 130.94 (s), 123.37 (s), 121.56 (s),
120.69 (s), 116.19 (s), 116.02 (s), 115.15 (s), 112.47 (s), 72.64 (s), 27.53 (s). HRMS (ESI): m/z: caled
for [M+H]" C1sH16N303: 322.1186, found: 322.118]1.

20:

e
b I

White solid, isolated yield: 68%; '"H NMR (400 MHz, CDCl;) &: 9.67 (s, 1H), 8.85 (d, J = 1.6 Hz, 1H),
8.75(d,J= 8.5 Hz, 1H), 8.48 (d, J= 8.4 Hz, 1H), 7.51 (d, J = 8.4 Hz, 2H), 2.37 (s, 3H), 1.85 (s, 6H). 1*C
NMR (101 MHz, CDCIs) 8: 168.70 (s), 148.67 (s), 144.46 (s), 138.79 (s), 131.29 (s), 131.25 (s), 123.26
(s), 121.48 (s), 120.70 (s), 116.04 (s), 115.90 (s), 72.65 (s), 27.47 (s), 25.04 (s). HRMS (ESI): m/z: calcd
for [M+H]" CsH;sN30,: 270.1237, found: 270.1235.

2p:
(o}

White solid, isolated yield: 72%; '"H NMR (400 MHz, CDCl;) &: 10.15 (s, 1H), 8.84 (dd, J=4.2, 1.6 Hz,
1H), 8.76 (d, J= 8.6 Hz, 1H), 8.44 (dd, /= 8.5, 1.7 Hz, 1H), 7.49 (dd, J = 8.5, 4.3 Hz, 2H), 1.81 (s, 6H),
1.43 (s, 9H). '3C NMR (101 MHz, CDCls) &: 177.09 (s), 148.77 (s), 144.31 (s), 139.28 (s), 131.52 (s),
131.23 (s), 123.34 (s), 121.45 (s), 120.74 (s), 116.26 (s), 115.58 (8), 72.72 (s), 40.26 (5s), 27.72 (s), 27.44
(s). HRMS (ESI): m/z: calcd for [M+H]™ CisH21N30,: 312.1707, found: 312.1707.

2q:
0]

caaeh

White solid, isolated yield: 75%; 'H NMR (400 MHz, CDCl;) 8: 9.78 (s, 1H), 8.86 (dd, J = 4.2, 1.6 Hz,
1H), 8.79 (d, /= 8.6 Hz, 1H), 8.47 (dd, J= 8.5, 1.6 Hz, 1H), 7.51 (dd, J = 8.5, 4.1 Hz, 2H), 2.54 — 2.44
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(m, 1H), 2.10 (d, J = 13.2 Hz, 2H), 1.93 — 1.87 (m, 2H), 1.84 (s, 6H), 1.72 — 1.60 (m, 3H), 1.44 — 1.32
(m, 3H). 3C NMR (101 MHz, CDCls) 3: 174.75 (s), 148.62 (s), 144.27 (s), 139.05 (s), 131.51 (s), 131.29
(s), 123.35 (s), 121.40 (s), 120.71 (s), 116.39 (s), 115.88 (s), 72.71 (s), 46.86 (s), 29.77 (s), 27.51 (s),
25.77 (s). HRMS (ESI): m/z: calcd for [M+H]" C20H23N305: 338.1863, found: 338.1858.

2r:

White solid, isolated yield: 60%; '"H NMR (400 MHz, CDCls) 8: 9.78 (s, 1H), 8.78 — 8.67 (m, 2H), 8.39
(dd, J=8.4, 1.2 Hz, 1H), 7.47 — 7.38 (m, 6H), 7.35 — 7.31 (m, 1H), 3.88 (s, 2H), 1.79 (s, 6H). *C NMR
(101 MHz, CDCl3) 6: 169.47 (s), 148.73 (s), 144.61 (s), 139.01 (s), 134.62 (s), 131.18 (s), 131.13 (s),
129.53 (s), 129.00 (s), 127.38 (s), 123.23 (s), 121.43 (s), 120.68 (s), 116.02 (s), 115.85 (s), 72.68 (s),
45.27 (s), 27.46 (s). HRMS (ESI): m/z: calcd for [M+H]" C2;H19N30,: 346.1550, found: 346.1549.

2s:
o}
s¥Peqr
N
H \
N~

White solid, isolated yield: 70%; '"H NMR (400 MHz, CDCl;) 8: 9.72 (s, 1H), 8.71 (d, J = 8.6 Hz, 1H),
8.65(d,J=3.0 Hz, 1H), 8.39 (d, J = 8.4 Hz, 1H), 7.49 — 7.34 (m, 4H), 7.28 (d, /= 5.8 Hz, 2H), 3.90 (s,
2H), 2.40 (s, 3H), 1.80 (s, 6H). *C NMR (101 MHz, CDCls) 8: 169.38 (s), 148.73 (s), 144.58 (s), 139.05
(s), 137.26 (s), 133.09 (s), 131.11 (s), 130.80 (s), 130.60 (s), 127.83 (s), 126.65 (s), 123.21 (s), 121.38
(s), 120.67 (s), 116.09 (s), 115.81 (s), 72.68 (s), 43.18 (s), 27.48 (s), 19.72 (s). HRMS (ESI): m/z: caled
for [M+H]" C22H21N30,: 360.1707, found: 360.1704.

2t:
(0]
Cr
H \
N~

White solid, isolated yield: 58%; 'H NMR (400 MHz, CDCl;) &: 10.66 (s, 1H), 8.86 (d, J = 8.6 Hz, 1H),
8.34 (d, J=8.6 Hz, 1H), 8.07 (dd, J= 7.7, 1.4 Hz, 2H), 7.60 — 7.54 (m, 3H), 7.47 (d, J = 8.6 Hz, 1H),
7.37 (d, J = 8.6 Hz, 1H), 2.78 (s, 3H), 1.83 (s, 6H). *C NMR (101 MHz, CDCl;) : 165.24 (s), 157.90
(s), 144.78 (s), 138.85 (s), 135.28 (s), 131.76 (s), 131.46 (s), 130.85 (s), 128.82 (s), 127.23 (s), 122.33
(s), 121.53 (s), 117.41 (s), 116.04 (s), 115.53 (s), 72.69 (s), 27.56 (s), 25.38 (s). HRMS (ESI): m/z: calcd
for [M+H]" C21H19N30;: 346.1550, found: 346.1548.

2u:
o\é
o) CN

Cl
N
H \
N

White solid, isolated yield: 55%; '"H NMR (400 MHz, CDCl;) &: 10.68 (s, 1H), 8.97 (d, J= 8.7 Hz, 1H),
8.67 (d,J=4.7 Hz, 1H), 8.06 (d, J= 6.7 Hz, 2H), 7.71 (d, J= 8.7 Hz, 1H), 7.60 — 7.52 (m, 4H), 1.83 (s,
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6H). 3C NMR (101 MHz, CDCls) 8: 165.37 (s), 148.83 (s), 144.68 (s), 139.35 (s), 131.86 (s), 131.36 (5),
130.51 (s), 129.70 (s), 128.82 (s), 127.26 (s), 123.58 (s), 123.40 (s), 121.56 (s), 116.19 (s), 116.06 (),
72.69 (s), 27.53 (s). HRMS (ESI): m/z: calcd for [M+H]" CaoH16CIN3Os: 366.1004, found: 366.1003.
2v:

SR

White solid, isolated yield: 30%; 'H NMR (400 MHz, CDCIs) 8: 10.05 (s, 1H), 8.89 (d, J= 8.7 Hz, 1H),
8.80 (dd, /=4.2, 1.5 Hz, 1H), 8.52 (dd, /= 8.5, 1.6 Hz, 1H), 7.67 (d, J= 7.4 Hz, 1H), 7.55 (d, J = 8.6
Hz, 1H), 7.49 (dd, J = 8.5, 4.2 Hz, 1H), 7.41 (t, J = 6.8 Hz, 1H), 7.32 (t, J = 7.4 Hz, 2H), 2.60 (s, 3H),
2.41 -2.30 (m, 2H), 2.00 (t, /= 10.2 Hz, 2H), 1.90 — 1.82 (m, 2H), 1.72 — 1.64 (m, 3H), 1.47 — 1.33 (m,
1H). 3C NMR (101 MHz, CDCls) 3: 168.05 (s), 148.74 (s), 144.40 (s), 139.30 (s), 136.68 (s), 136.61 (s),
131.37 (s), 131.34 (s), 131.24 (s), 130.32 (s), 127.26 (s), 126.01 (s), 123.27 (s), 121.43 (s), 119.90 (s),
116.01 (s), 115.79 (s), 37.98 (s), 35.98 (s), 24.53 (s), 22.45 (s), 20.21 (s). HRMS (ESI): m/z: calcd for
[M+H]" C24H24N30,: 386.1863, found: 386.1859.

3a:

CN
(0]

N

White solid, isolated yield: 67%; 'H NMR (400 MHz, CDCl;) §: 10.34 (s, 1H), 8.94 (dd, J= 8.8, 1.4
Hz, 1H), 8.89 (d, J = 8.3 Hz, 1H), 8.84 (dd, J=4.1, 1.4 Hz, 1H), 7.68 (d, J= 7.7 Hz, 1H), 7.62 — 7.56
(m, 2H), 7.42 (t,J= 6.9 Hz, 1H), 7.34 (t,J= 7.7 Hz, 2H), 2.60 (s, 3H), 1.96 (s, 6H). 3C NMR (101 MHz,
CDCls) &: 168.29 (s), 147.89 (s), 139.43 (s), 136.76 (s), 136.40 (s), 135.42 (s), 134.83 (s), 133.19 (s),
131.45 (s), 130.49 (s), 129.84 (s), 127.29 (s), 126.07 (s), 125.32 (s), 124.15 (s), 121.56 (s), 115.33 (s),
33.93 (s), 28.91 (s), 20.24 (s). HRMS (ESI): m/z: caled for [M+H]* C21H19N30: 330.1601, found:
330.1593.

3b:
CN
o)
SanS
N

White solid, isolated yield: 70%; 'H NMR (400 MHz, CDCI3) 8: 10.90 (s, 1H), 8.98 (d, J = 8.8 Hz, 1H),
8.94 — 8.91 (m, 2H), 8.11 (d, J = 6.7 Hz, 2H), 7.67 — 7.56 (m, 5H), 1.98 (s, 6H). *C NMR (101 MHz,
CDCls) &: 165.55 (s), 147.93 (s), 139.58 (s), 135.26 (s), 134.91 (s), 133.24 (s), 132.03 (s), 129.74 (s),
128.86 (s), 127.33 (s), 125.33 (s), 124.84 (s), 124.22 (s), 121.59 (s), 115.38 (s), 33.93 (s), 28.90 (s).
HRMS (ESI): m/z: caled for [M+H]" C20H7N30: 316.1444, found: 316.1445.

3c:

N
H
N

CN

23



White solid, isolated yield: 63%; 'H NMR (400 MHz, CDCIs) 6: 12.45 (s, 1H), 8.99 (d, J= 8.3 Hz, 1H),
8.96 — 8.91 (m, 2H), 8.34 (dd, /= 7.8, 1.7 Hz, 1H), 7.62 — 7.58 (m, 1H), 7.57 — 7.50 (m, 2H), 7.15 (t, J
=7.2 Hz, 1H), 7.09 (d, J = 8.3 Hz, 1H), 4.21 (s, 3H), 1.96 (s, 6H).!*C NMR (101 MHz, CDCl;) 8: 163.78
(s), 157.78 (s), 147.82 (s), 140.07 (s), 136.47 (s), 133.33 (s), 133.02 (s), 132.39 (s), 129.34 (s), 125.38
(s), 124.95 (s), 124.37 (s), 122.18 (s), 121.35 (s), 121.31 (s), 116.12 (s), 111.64 (s), 56.16 (s), 33.88 (s),
28.92 (s). HRMS (ESI): m/z: calcd for [M+H]" C2;H 9N304: 346.1550, found: 346.1550.

3d:
CN
(0]
jon
H \
N~

White solid, isolated yield: 60%; 'H NMR (400 MHz, CDCls) 8: 10.85 (s, 1H), 8.95 (dd, J= 8.8, 1.3 Hz,
1H), 8.92 (dd, J=4.1, 1.3 Hz, 1H), 8.89 (d, /= 8.3 Hz, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.63 (dd, /= 8.7,
4.2 Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 2.47 (s, 3H), 1.97 (s, 6H). 3*C NMR (101
MHz, CDCls) 6: 165.53 (s), 147.88 (s), 142.57 (s), 139.58 (s), 135.37 (s), 133.21 (s), 132.10 (s), 129.52
(s), 127.34 (s), 125.31 (s), 124.86 (s), 124.23 (s), 121.55 (s), 115.28 (s), 33.91 (s), 28.90 (s), 21.59 (s).
HRMS (ESI): m/z: caled for [M+H]* C21H19N30: 330.1601, found: 330.1593.

3e:

CN
(0]
N
joRas
Nx
F

White solid, isolated yield: 62%; '"H NMR (400 MHz, CDCl;) &: 10.83 (s, 1H), 8.95 (dd, /= 8.8, 1.4 Hz,
1H), 8.91 (dd, J=4.2, 1.4 Hz, 1H), 8.86 (d, /= 8.3 Hz, 1H), 8.12 — 8.07 (m, 2H), 7.63 (dd, /= 8.8, 4.2
Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.22 (d, J = 8.6 Hz, 2H), 1.96 (s, 6H). *C NMR (101 MHz, CDCl;) §:
166.33 (s), 164.37 (s), 163.81 (s), 147.95 (s), 139.50 (s), 135.09 (s), 133.28 (s), 131.07 (d, /= 3.1 Hz),
129.86 (s), 129.71 (d, J=9.0 Hz), 125.31 (s), 124.81 (s), 124.19 (s), 121.63 (s), 116.03 (s), 115.81 (s),
115.35 (s), 33.93 (s), 28.88 (s). HRMS (ESI): m/z: calcd for [M+H]" C,0H16FN3O: 334.1350, found:
334.1349.

3f:

CN

I=z

N~

White solid, isolated yield: 72%; 'H NMR (400 MHz, CDCI3) &: 10.86 (s, 1H), 8.95 (dd, J= 8.7, 1.4 Hz,
1H), 8.90 (dd, /= 8.3, 4.8 Hz, 2H), 8.03 (d, J = 8.5 Hz, 2H), 7.62 (dd, J = 8.7, 4.2 Hz, 1H), 7.60 — 7.56
(m, 3H), 1.96 (s, 6H), 1.38 (s, 9H). 3*C NMR (101 MHz, CDCI;) &: 165.54 (s), 155.59 (s), 147.86 (s),
139.59 (s), 135.40 (s), 133.21 (s), 132.10 (s), 129.55 (s), 127.19 (s), 125.81 (s), 125.32 (s), 124.85 (s),
124.23 (s), 121.54 (s), 115.28 (s), 35.06 (s), 33.92 (s), 31.20 (s), 28.90 (s). HRMS (ESI): m/z: caled for
[M+H]" C24H25N30: 372.2070, found: 372.2066.

3g:

24



CN
(0]

N
V©AH |
N

White solid, isolated yield: 62%; 'H NMR (400 MHz, CDCls) 6: 10.86 (s, 1H), 8.95 (dd, J= 8.8, 1.3 Hz,
1H), 8.92 (dd, /=4.2, 1.3 Hz, 1H), 8.89 (d, /= 8.3 Hz, 1H), 8.01 (d, J = 8.2 Hz, 2H), 7.63 (dd, /= 8.8,
4.2 Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.39 (d, J = 8.2 Hz, 2H), 2.76 (q, J = 7.6 Hz, 2H), 1.96 (s, 6H),
1.30 (t, J = 7.6 Hz, 3H). 3C NMR (101 MHz, CDCls) &: 165.58 (s), 148.79 (s), 147.88 (s), 139.59 (s),
135.38 (s), 133.21 (s), 132.34 (s), 129.55 (s), 128.35 (s), 127.45 (s), 125.32 (s), 124.86 (s), 124.24 (s),
121.55 (s), 115.29 (s), 33.92 (s), 28.90 (s), 15.36 (s). HRMS (ESI): m/z: calcd for [M+H]" C2H21N30:
344.1757, found: 344.1749.

3h:

CN
Cl o

N
@)LH ‘
N~

White solid, isolated yield: 60%; 'H NMR (400 MHz, CDCI3) 3: 10.64 (s, 1H), 9.14 — 8.73 (m, 3H), 7.82
(d, J=6.0 Hz, 1H), 7.74 — 7.30 (m, 5H), 7.57 — 7.39 (m, 3H), 1.97 (s, 6H). *C NMR (101 MHz, CDCls)
8: 164.99 (s), 148.01 (s), 139.45 (s), 135.60 (s), 135.12 (s), 133.16 (s), 131.69 (s), 131.19 (s), 130.58 (s),
130.24 (s), 130.14 (s), 127.21 (s), 125.31 (s), 124.78 (s), 124.13 (s), 121.61 (s), 115.74 (s), 33.95 (s),
28.90 (s). HRMS (ESI): m/z: calcd for [M+H]" C20H;6CIN3O: 350.1055, found: 350.1050.

3i:

CN
0
N
QAH |
N
Cl

White solid, isolated yield: 64%; '"H NMR (400 MHz, CDCl;) &: 10.85 (s, 1H), 8.96 (dd, J=8.8, 1.3 Hz,
1H), 8.92 (d, J=4.1 Hz, 1H), 8.87 (d, J = 8.3 Hz, 1H), 8.03 (d, J = 8.5 Hz, 2H), 7.64 (dd, /= 8.7, 4.2
Hz, 1H), 7.58 (d, J = 8.3 Hz, 1H), 7.54 (d, J = 8.4 Hz, 2H), 1.97 (s, 6H). *C NMR (101 MHz, CDCl;) §:
164.43 (s), 147.98 (s), 139.51 (s), 138.34 (s), 135.00 (s), 133.31 (s), 133.27 (s), 130.01 (s), 129.13 (s),
128.75 (s), 125.33 (s), 124.78 (s), 124.19 (s), 121.66 (s), 115.46 (s), 33.95 (s), 28.89 (s). HRMS (ESI):
m/z: calcd for [M+H]" C20H16CIN3O: 350.1055, found: 350.1049.

3j:
CN
(6]
\@)LN
H
N~

White solid, isolated yield: 58%; '"H NMR (400 MHz, CDCI;) &: 10.79 (s, 1H), 8.99 — 8.92 (m, 2H), 8.89
(d, J=8.3 Hz, 1H), 7.67 (s, 2H), 7.63 (dd, J= 8.7, 4.2 Hz, 1H), 7.57 (d, J = 8.3 Hz, 1H), 7.23 (s, 1H),
2.45 (s, 6H), 1.96 (s, 6H). 3C NMR (101 MHz, CDCl;) : 166.04 (s), 147.92 (s), 139.63 (s), 138.56 (s),
135.42 (s), 134.99 (s), 133.68 (s), 133.22 (s), 129.60 (s), 125.34 (s), 125.07 (s), 124.87 (s), 124.25 (s),
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121.55 (s), 115.41 (s), 33.93 (s), 28.91 (s), 21.39 (s). HRMS (ESI): m/z: calcd for [M+H]" C22H21N30:
344.1757, found: 344.1749.
3k:

CN

Iz

White solid, isolated yield: 61%; '"H NMR (400 MHz, CDCl;) &: 10.87 (s, 1H), 8.98 (dd, /= 8.8, 1.4 Hz,
1H), 8.95 (dd, J=4.2, 1.4 Hz, 1H), 8.92 (d, /= 8.3 Hz, 1H), 7.94 — 7.87 (m, 2H), 7.65 (dd, J=8.7,4.2
Hz, 1H), 7.60 (d, J = 8.3 Hz, 1H), 7.50 — 7.41 (m, 2H), 2.52 (s, 3H), 1.99 (s, 6H). 3*C NMR (101 MHz,
CDCl3) 8: 165.79 (s), 147.92 (s), 139.60 (s), 138.75 (s), 135.33 (s), 134.92 (s), 133.22 (s), 132.79 (s),
129.66 (s), 128.71 (s), 128.09 (s), 125.32 (s), 124.85 (s), 124.25 (s), 124.23 (s), 121.57 (s), 115.38 (s),
33.93 (s), 28.90 (s), 21.52 (s). HRMS (ESI): m/z: caled for [M+H]" C21H19N30: 330.1601, found:
330.1602.

31

CN
o

/OﬁN
H |
N

White solid, isolated yield: 60%; '"H NMR (400 MHz, CDCl;) &: 10.87 (s, 1H), 8.95 (dd, J= 8.8, 1.3 Hz,
1H), 8.92 (dd, J=4.1, 1.3 Hz, 1H), 8.89 (d, J = 8.3 Hz, 1H), 7.66 — 7.61 (m, 3H), 7.58 (d, J = 8.3 Hz,
1H), 7.47 (t, J = 8.1 Hz, 1H), 7.14 (dd, J = 9.1, 1.9 Hz, 1H), 3.92 (s, 3H), 1.97 (s, 6H). *C NMR (101
MHz, CDCls) 8: 165.40 (s), 160.03 (s), 147.94 (s), 139.56 (s), 136.39 (s), 135.23 (s), 133.24 (s), 129.85
(s), 129.79 (s), 125.32 (s), 124.82 (s), 124.21 (s), 121.60 (s), 119.10 (s), 118.17 (s), 115.40 (s), 112.72
(s), 55.54 (s), 33.94 (s), 28.90 (s). HRMS (ESI): m/z: caled for [M+H]" C21H19N302: 346.1550, found:
346.1541.

3m:

CN

White solid, isolated yield: 60%; '"H NMR (400 MHz, CDCl;) &: 10.86 (s, 1H), 8.99 (dd, J= 8.8, 1.4 Hz,
1H), 8.92 (dd, J=4.2, 1.4 Hz, 1H), 8.85 (d, J= 8.3 Hz, 1H), 7.91 (d, J = 8.5 Hz, 2H), 7.81 (d, /= 8.5
Hz, 2H), 7.65 (dd, J = 8.8, 4.2 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 1.96 (s, 6H).'3C NMR (101 MHz,
CDCls) &: 164.81 (s), 147.89 (s), 139.29 (s), 138.08 (s), 134.81 (s), 134.27 (s), 133.63 (s), 130.18 (s),
128.91 (s), 125.39 (s), 124.75 (s), 124.29 (s), 121.68 (s), 115.96 (5), 99.22 (), 33.96 (), 28.88 (s). HRMS
(ESI): m/z: calced for [M+H]" C20H6IN3O: 442.0411, found: 442.0407.

3n:

N~

26



White solid, isolated yield: 45% ;'"H NMR (400 MHz, CDCls) &: 10.90 (s, 1H), 8.96 (s, 1H), 8.94 (dd, J
=5.4, 1.4 Hz, 1H), 8.83 (d, J= 8.3 Hz, 1H), 7.67 — 7.60 (m, 2H), 7.56 (d, /= 8.4 Hz, 1H), 7.31 (d, J =
3.5 Hz, 1H), 6.60 (dd, J = 3.5, 1.7 Hz, 1H), 1.96 (s, 6H). 3*C NMR (101 MHz, CDCls) 8: 156.48 (s),
148.19 (s), 148.04 (s), 144.68 (s), 139.45 (s), 133.16 (s), 129.86 (s), 124.15 (s), 121.61 (s), 121.09 (s),
120.24 (s), 115.48 (s), 115.40 (s), 112.54 (s), 33.93 (s), 28.89 (s). HRMS (ESI): m/z: calcd for [M+H]*
CisHi6N302: 306.1237, found: 306.1234.

3o:

CN
o]

Ay

H \
N~

White solid, isolated yield: 64%; 'H NMR (400 MHz, CDCl3) 8: 9.91 (s, 1H), 8.91 (dd, J = 8.8, 1.3 Hz,
1H), 8.85 (dd, J=4.1, 1.3 Hz, 1H), 8.71 (d, /= 8.3 Hz, 1H), 7.59 (dd, /= 8.8, 4.2 Hz, 1H), 7.50 (d, J =
8.3 Hz, 1H), 2.36 (s, 3H), 1.93 (s, 6H). 3C NMR (101 MHz, CDCls) 8: 168.92 (s), 147.73 (s), 139.04 (s),
135.17 (s), 133.16 (s), 129.48 (s), 125.21 (s), 124.83 (s), 124.14 (s), 121.49 (s), 115.20 (s), 33.86 (s),
28.86 (s), 25.19 (s). HRMS (ESI): m/z: calcd for [M+H]" C;5H;sN30: 254.1288, found: 254.1283.

3p:
CN
[0}
>y
H |
N~

White solid, isolated yield: 62%; '"H NMR (400 MHz, CDCl;) &: 10.39 (s, 1H), 8.91 (dd, /= 8.7, 1.1 Hz,
1H), 8.88 (dd, /=4.1, 1.2 Hz, 1H), 8.74 (d, /= 8.3 Hz, 1H), 7.59 (dd, /=8.7, 4.2 Hz, 1H), 7.51 (d, J =
8.3 Hz, 1H), 1.93 (s, 6H), 1.43 (s, 9H). 3C NMR (101 MHz, CDCls) §: 177.41 (s), 147.83 (s), 139.60 (s),
135.38 (s), 133.13 (s), 129.26 (s), 125.23 (s), 124.85 (s), 124.16 (s), 121.41 (s), 115.01 (s), 40.39 (s),
33.86 (s), 28.88 (s), 27.70 (s). HRMS (ESI): m/z: caled for [M+H]* CisH2i1N30: 296.1757, found:
296.1750.
3q:
CN
o}

N
O)‘LH ‘
N

White solid, isolated yield: 68%; '"H NMR (400 MHz, CDCl3) 8: 9.99 (s, 1H), 8.89 (d, J = 8.9 Hz, 1H),
8.85(d,/J=4.2 Hz, 1H), 8.71 (d, J=8.3 Hz, 1H), 7.57 (dd, J=8.7,4.2 Hz, 1H), 7.48 (d, /= 8.3 Hz, 1H),
2.51 —=2.41 (m, 1H), 2.05 (dd, J=13.2, 2.1 Hz, 2H), 1.90 (s, 6H), 1.89 — 1.83 (m, 2H), 1.66 — 1.55 (m,
3H), 1.40 — 1.27 (m, 3H). *C NMR (101 MHz, CDCls) §: 175.11 (s), 147.60 (s), 139.13 (s), 135.16 (s),
133.53 (s), 129.40 (s), 125.30 (s), 124.81 (s), 124.30 (s), 121.43 (s), 115.65 (s), 46.84 (s), 33.87 (s), 29.72
(s), 28.88 (s), 25.77 (s), 25.73 (s). HRMS (ESI): m/z: caled for [M+H]" C20H23N30: 322.1915, found:
322.1914.

3r:

(e}

N
H
N
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White solid, isolated yield: 60%; 'H NMR (400 MHz, CDCl3) 6: 9.91 (s, 1H), 8.91 (dd, J = 8.8, 1.4 Hz,
1H), 8.82 (dd, /=4.1, 1.4 Hz, 1H), 8.74 (d, /= 8.3 Hz, 1H), 7.58 (dd, /= 8.8, 4.1 Hz, 1H), 7.51 (d, J =
8.3 Hz, 1H), 7.30 (d, J = 4.4 Hz, 4H), 7.21 (dd, J = 8.8, 4.5 Hz, 1H), 3.15 (t, 2H), 2.90 (t, 2H), 1.94 (s,
6H). 3C NMR (101 MHz, CDCl;) 8: 170.94 (s), 147.71 (s), 140.64 (s), 139.09 (s), 135.07 (s), 133.14 (s),
129.50 (s), 128.59 (s), 128.39 (s), 126.30 (s), 125.21 (s), 124.83 (s), 124.15 (s), 121.48 (s), 115.29 (s),
39.74 (s), 33.87 (s), 31.42 (s), 28.87 (s). HRMS (ESI): m/z: calcd for [M+H]" C52H21N3O: 344.1757,
found: 344.1753.

3s:

@\)(1
N
H \
N~

White solid, isolated yield: 56%; '"H NMR (400 MHz, CDCl;) &: 10.03 (s, 1H), 8.88 (dd, /= 8.8, 1.4 Hz,
1H), 8.74 (dd, J=4.1, 1.3 Hz, 1H), 8.71 (d, /= 8.3 Hz, 1H), 7.54 (dd, /= 8.8, 4.2 Hz, 1H), 7.48 (d, J =
8.3 Hz, 1H), 7.45 — 7.39 (m, 4H), 7.36 — 7.31 (m, 1H), 3.90 (s, 2H), 1.91 (s, 6H). 3*C NMR (101 MHz,
CDCls) 8: 169.69 (s), 147.75 (s), 139.23 (s), 135.03 (s), 134.50 (s), 133.07 (s), 129.67 (s), 129.54 (s),
129.01 (s), 127.41 (s), 125.16 (s), 124.78 (s), 124.05 (s), 121.41 (s), 115.16 (s), 45.37 (s), 33.86 (s), 28.85
(s). HRMS (ESI): m/z: calcd for [M+H]" C21H19N30: 330.1601, found: 330.1601.

3t:
CN
@v‘i
N
H \
N~

White solid, isolated yield: 59% ; 'H NMR (400 MHz, CDCls) &: 9.97 (s, 1H), 8.86 (dd, J= 8.8, 1.4 Hz,
1H), 8.70 (d, J= 8.3 Hz, 1H), 8.67 (dd, J=4.2, 1.4 Hz, 1H), 7.52 (dd, /= 8.8, 4.2 Hz, 1H), 7.48 (d, J =
8.3 Hz, 1H), 7.36 (dd, J = 7.2, 3.3 Hz, 1H), 7.28 (t, J = 4.5 Hz, 3H), 3.90 (s, 2H), 2.39 (s, 3H), 1.91 (s,
6H). 3C NMR (101 MHz, CDCl;) 8: 169.60 (s), 147.74 (s), 139.20 (s), 137.23 (s), 134.96 (s), 133.09 (s),
133.03 (s), 130.81 (s), 130.60 (s), 129.67 (s), 127.86 (s), 126.65 (s), 125.15 (s), 124.78 (s), 124.07 (s),
121.39 (s), 115.19 (s), 43.28 (s), 33.86 (s), 28.84 (s), 19.71 (s). HRMS (ESI): m/z: caled for [M+H]"
C22H21N30: 344.1757, found: 344.1754.

3u:

CN

CN

White solid, isolated yield: 40%;'H NMR (400 MHz, CDCl;) &: 10.94 (s, 1H), 8.92 (d, J = 8.5 Hz, 1H),
8.70 (d, J=4.6 Hz, 1H), 8.06 (d, /= 6.8 Hz, 2H), 7.80 (d, /= 8.6 Hz, 1H), 7.70 (d, /= 4.6 Hz, 1H), 7.61
—7.54 (m, 3H), 2.05 (s, 6H). *C NMR (101 MHz, CDCls) 8: 165.61 (s), 146.75 (s), 141.76 (s), 140.94
(), 135.68 (s), 134.78 (s), 132.16 (s), 130.00 (s), 128.90 (s), 127.85 (s), 127.32 (s), 125.79 (s), 125.66
(s), 125.56 (s), 115.91 (s), 35.91 (s), 32.00 (s). HRMS (ESI): m/z: calcd for [M+H]" CyH;7CIN;O:
350.1055, found: 350.1055.

3v:
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CN

Iz

White solid, isolated yield: 60%; 'H NMR (400 MHz, CDCls) 8: 10.35 (s, 1H), 8.96 — 8.87 (m, 2H), 8.83
(dd, J=4.1, 1.4 Hz, 1H), 7.68 (d, J= 7.7 Hz, 1H), 7.62 — 7.54 (m, 2H), 7.42 (t, J= 7.5 Hz, 1H), 7.33 (t,
J=17.6 Hz, 2H), 2.60 (s, 3H), 2.38 (dd, J = 14.1, 7.3 Hz, 1H), 2.10 (dd, J = 14.1, 7.3 Hz, 1H), 1.94 (s,
3H), 1.10 (t, J= 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) &: 168.31 (s), 147.85 (s), 139.45 (s), 136.76
(s), 136.40 (s), 135.29 (s), 133.11 (s), 131.45 (s), 130.49 (s), 128.91 (s), 127.29 (s), 126.07 (s), 125.41
(s), 125.22 (s), 124.10 (s), 121.45 (s), 115.32 (), 39.54 (), 33.74 (s), 25.74 (s), 20.25 (s), 9.52 (s). HRMS
(ESI): m/z: caled for [M+H]* C22H22N30: 344.1757, found: 344.1755.

3w:
CN

H \
NS

White solid, isolated yield: 55%; '"H NMR (400 MHz, CDCl;) § 10.35 (s, 1H), 8.93 — 8.85 (m, 2H), 8.82
(dd, J=4.1, 1.3 Hz, 1H), 7.67 (t, J= 7.9 Hz, 2H), 7.57 (dd, J = 8.8, 4.1 Hz, 1H), 7.45 — 7.38 (m, 1H),
7.33 (t, J= 7.6 Hz, 2H), 2.60 (s, 3H), 2.27 (dd, J = 14.2, 5.7 Hz, 1H), 2.02 (s, 3H), 1.95 (dd, J = 14.2,
6.0 Hz, 1H), 1.90 — 1.82 (m, 1H), 1.04 (d, J = 6.6 Hz, 3H), 0.85 (d, /= 6.6 Hz, 3H). 3C NMR (101 MHz,
CDCls) 6 168.25 (s), 147.82 (s), 139.42 (s), 136.77 (s), 136.41 (s), 135.30 (s), 133.16 (s), 131.45 (s),
130.49 (s), 129.47 (s), 127.28 (s), 126.07 (s), 125.42 (s), 125.36 (s), 124.56 (s), 121.40 (s), 115.35 (s),
49.31 (s), 39.04 (s), 26.84 (s), 25.76 (s), 24.05 (s), 23.95 (s), 20.26 (s). HRMS (ESI): m/z: calcd for
[M+H]" C24H25N30: 372.2070, found: 372.2077.

3x:

(0]
N
é/mH |
N

White solid, isolated yield: 57%; 'H NMR (400 MHz, CDCl;) & 10.28 (s, 1H), 8.89 (d, J = 8.2 Hz, 1H),
8.75(dd, J=4.1, 1.4 Hz, 1H), 8.21 (dd, J=8.7, 1.4 Hz, 1H), 7.64 (dd, J=15.5, 7.9 Hz, 2H), 7.45 — 7.38
(m, 2H), 7.32 (t, J = 7.4 Hz, 2H), 3.58 (s, 3H), 2.59 (s, 3H), 1.75 (s, 6H). '3*C NMR (101 MHz, CDCls)
8 178.99 (s), 168.16 (s), 147.40 (s), 139.34 (s), 136.69 (), 136.65 (s), 134.96 (s), 134.14 (s), 132.74 (s),
131.36 (s), 130.31 (s), 127.25 (s), 126.11 (s), 126.01 (s), 124.00 (s), 121.29 (s), 115.78 (s), 52.49 (s),
45.84 (s), 27.54 (s), 20.20 (s). HRMS (ESI): m/z: calcd for [M+H]" C2»H2:N>O3: 363.1703, found:
363.1726.

CO,Me

White solid, isolated yield: 48%; 'H NMR (400 MHz, CDCls) § 10.85 (s, 1H), 8.90 (dd, J= 5.0, 3.7 Hz,
2H), 8.86 (d, J = 8.3 Hz, 1H), 8.02 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 8.3 Hz, 1H), 7.62 (dd, J = 8.5, 4.5
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Hz, 1H), 7.53 (d, J = 8.5 Hz, 2H), 2.27 (dd, J = 14.2, 5.7 Hz, 1H), 2.02 (s, 3H), 1.94 (dd, J = 14.2, 5.9
Hz, 1H), 1.89 — 1.82 (m, 1H), 1.03 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H). 13C NMR (101 MHz,
CDCls) 5 164.41 (s), 147.89 (s), 139.50 (s), 138.31 (s), 134.89 (s), 133.31 (s), 129.67 (s), 129.12 (s),
128.75 (s), 125.42 (s), 125.38 (s), 124.51 (s), 121.48 (s), 115.51 (s), 49.32 (s), 39.01 (s), 26.76 (s), 25.74
(s),23.98 (d, J=9.8 Hz). HRMS (ESI): m/z: caled for [M+H]" C23H2CIN3O: 392.1524, found: 392.1533.
3z:

_CO,Me

White solid, isolated yield: 50%; '"H NMR (400 MHz, CDCl3) § 10.80 (s, 1H), 8.87 — 8.82 (m, 2H), 8.24
(dd, J= 8.7, 1.4 Hz, 1H), 8.02 (d, J = 8.6 Hz, 2H), 7.63 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 8.5 Hz, 2H),
7.47 (dd, J = 8.7, 4.2 Hz, 1H), 3.58 (s, 3H), 1.75 (s, 6H). *C NMR (101 MHz, CDCl;) & 178.91 (s),
164.31 (s), 147.42 (s), 139.39 (s), 138.12 (s), 135.15 (s), 133.69 (s), 133.53 (s), 132.96 (s), 129.06 (s),
128.73 (s), 126.16 (s), 124.07 (s), 121.36 (s), 116.04 (s), 52.49 (s), 45.87 (s), 27.53 (s). HRMS (ESI):
m/z: calcd for [M+H]" C1H19CIN,O3: 383.1157, found: 383.1171.

3aa:

White solid, isolated yield: 54%; 'H NMR (400 MHz, CDCls) 6 10.81 (s, 1H), 8.86 (dd, J=19.0, 6.1 Hz,
2H), 8.23 (d, J=8.7 Hz, 1H), 7.66 — 7.61 (m, 3H), 7.49 — 7.43 (m, 2H), 7.13 (d, /= 8.2 Hz, 1H), 3.92 (s,
3H), 3.58 (s, 3H), 1.76 (s, 6H). 3C NMR (101 MHz, CDCls) § 178.99 (s), 165.25 (s), 160.01 (s), 147.44
(s), 139.52 (s), 136.68 (s), 134.90 (s), 133.96 (s), 132.79 (s), 129.78 (s), 126.13 (s), 124.05 (s), 121.31
(s), 119.08 (s), 118.02 (s), 115.83 (s), 112.68 (s), 55.52 (s), 52.48 (s), 45.86 (s), 27.53 (s). HRMS (ESI):
m/z: calcd for [M+H]" C22H22N,04: 379.1652, found: 379.1674.

11:

0
o] ﬁ(NHz
N 0
H |
N

White solid, isolated yield: 85%; 'H NMR (400 MHz, CDCIs) 8: 10.03 (s, 1H), 8.84 (d, J= 8.6 Hz, 1H),
8.80 (dd, /=4.1, 1.4 Hz, 1H), 8.53 (dd, /= 8.5, 1.4 Hz, 1H), 7.66 (d, J = 7.3 Hz, 1H), 7.49 (dd, /= 8.5,
4.2 Hz, 1H), 7.40 (t,J=7.3 Hz, 1H), 7.32 (t, J= 7.2 Hz, 2H), 7.10 (d, J = 8.5 Hz, 1H), 6.70 (s, 1H), 5.56
(s, 1H), 2.60 (s, 3H), 1.64 (s, 6H). '*C NMR (101 MHz, CDCl;) &: 177.24 (s), 168.05 (s), 148.70 (s),
144.85 (s), 139.30 (s), 136.63 (s), 136.58 (s), 131.50 (s), 131.37 (s), 130.44 (s), 130.33 (s), 127.24 (s),
126.02 (s), 123.40 (s), 121.37 (s), 116.03 (s), 115.29 (s), 82.54 (s), 25.03 (s), 20.21 (s). HRMS (ESI):
m/z: calcd for [M+H]" C21H21N30;3: 364.1656, found: 364.1654.

12:

0
“Con
H,N
N |
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Pale yellow solid, isolated yield: 70%; 'H NMR (400 MHz, CDCI;) &: 8.79 (dd, J = 4.2, 1.7 Hz, 1H),
8.34(dd, J=8.5,1.7 Hz, 1H), 7.43 — 7.38 (m, 2H), 6.87 (d, J= 8.3 Hz, 1H), 1.76 (s, 6H). 3*C NMR (101
MHz, CDCls) 6 148.58 (s), 145.52 (s), 139.28 (s), 136.57 (s), 130.20 (s), 127.24 (s), 125.97 (s), 122.84
(s), 121.14 (s), 113.11 (s), 73.33 (s), 25.70 (s). HRMS (ESI): m/z: calcd for [M+H]" C13H14N30: 228.1131,
found: 228.1128.

13:

NH
0 2

Iz

N

White solid, isolated yield: 82%; 'H NMR (400 MHz, CDCIs) 8: 10.28 (s, 1H), 8.87 (d, J= 8.2 Hz, 1H),
8.76 (d, J=2.9 Hz, 1H), 8.39 (d, J = 8.6 Hz, 1H), 7.70 — 7.62 (m, 2H), 7.45 (dd, J = 8.7, 4.1 Hz, 1H),
7.40 (t,J=7.1 Hz, 1H), 7.31 (t,J=7.5 Hz, 2H), 5.17 (d, J=21.6 Hz, 2H), 2.58 (s, 3H), 1.73 (s, 6H). 1*C
NMR (101 MHz, CDCIs) 3: 180.48 (s), 168.27 (s), 147.85 (s), 139.50 (s), 136.70 (s), 136.46 (s), 134.81

(s), 134.70 (s), 134.04 (s), 131.43 (s), 130.45 (s), 127.27 (s), 126.24 (s), 126.06 (s), 124.70 (s), 121.51

(s), 115.56 (s), 46.45 (s), 27.88 (s), 20.24 (s). HRMS (ESI): m/z: calcd for [M+H]" C21H22N30,: 348.1707,
found: 348.1705.

14:

HoN

N
Pale yellow solid, isolated yield: 85%; 'H NMR (400 MHz, CDCI;) &: 8.80 (dd, J = 10.2, 1.8 Hz, 2H),
7.51 (dd, J= 8.7, 4.2 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 6.85 (d, J = 8.1 Hz, 1H), 5.20 (s, 2H), 1.90 (s,
6H). 3C NMR (101 MHz, CDCl;) 8: 146.98 (s), 144.62 (s), 139.17 (s), 132.70 (s), 125.99 (s), 125.29 (s),
124.21 (s), 123.53 (s), 121.23 (s), 108.18 (s), 33.63 (s), 28.92 (s). HRMS (ESI): m/z: calcd for [M+H]"
CisHisN3: 212.1182, found: 212.1180.
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