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General Considerations

General Analytical Information. 'H, 1*C and '°F NMR spectra were recorded on Bruker AV
400 MHz instrument at 400 MHz (‘H NMR), 101 MHz ('3C NMR), and 376 MHz ('°F NMR).
All '"H NMR spectra were measured in parts per million (ppm) downfield from
tetramethylsilane (TMS, 0 ppm), or were measured relative to the residual proton signals of d1-
chloroform (CDCl3, 7.26 ppm) or dimethyl sulfoxide-ds (DMSO-ds, 2.50 ppm). All 3C NMR
spectra were reported in ppm relative to residual carbon signals of CHCI3 (77.16 ppm) or
DMSO-ds (39.52 ppm) and were obtained with 'H decoupling. Coupling constants (J) are
reported in hertz (Hz). Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet),
q (quartet), p (pentet), and m (multiplet). High resolution mass spectrometry (HRMS) spectra
were obtained on a Bruker miorOTOF-QII instrument. Thin-layer chromatography (TLC) was
performed on precoated GF254 silica gel plates (Qingdao Marine Chemical Inc.) and
compounds were visualized with a UV light at 254 nm. Flash chromatography for purification
of compounds were carried out using silica gel (200300 mesh, Qingdao Marine Chemical

Inc.).

General Reagents Information. Unless otherwise noted, commerically available materials
were used without prior purification. Anhydrous N-methylpyrrolidone (NMP) was purchased
from HEOWNS and it was added with anhydrous 3A molecular sieves for storage.
Chlorotrimethylsilane (TMSCI, 98% purity) was purchased from Energy Chemical and was
stored in refrigerator for storage. 4,7-Diphenyl-1,10-phenanthroline (bathophenanthroline,
Bphen, 99% purity) and manganese powder (Mn, 99.9%) were purchased from Bidepharm.
Nickel(IT) chloride ethylene glycol dimethyl ether complex (Ni(dme)Clz, 98.8% purity) was
purchased from Bidepharm. Carbon monoxide (CO, 99.9% purity) was purchased from Tianjin

Boliming Techology.
General Manipulation Considerations. All manipulations for reductive aminocarbonylation

reaction were performed in Schlenk tubes. The eluents used for column chromatography were

presented as ratios of solvent volumes. Yields reported in the publication are isolated yields
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unless otherwise noted. All new starting materials and products were characterized by 'H and

13C NMR spectroscopies and high-resolution mass spectrometry (HRMS).

Optimization of Reaction Conditions

General procedure for optimizations of reaction conditions (Table 1 and Table S1). An
oven-dried 10 mL Schlenk tube equipped with a stir bar was sequentially charged with haloaryl-
tethered nitroarene 1a (0.2 mmol, 1 equiv), Mn powder, ligand, and Ni catalyst. The tube was
evacuated in vacuo and then backfilled with CO in a balloon for three times. NMP solvent and
TMSCI were transferred into the tube via a syringe. The resulting mixture was stirred under a
CO atmosphere under positive balloon pressure in a preheated heat block for 18 h. At this point,
the reaction mixture was cooled down to room temperature. The reaction mixture was diluted
with CH2Cl2 and then washed with dilute aqueous HCI solution and saturated brine, dried with
anhydrous Na>SOs, and finally concentrated in vacuo. The residue was purified by flash
chromatography on silica gel using petroleum ether (PE) and ethyl acetate (EtOAc) as the

eluent to give the heterocycle product 2a.
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Table S1. Optimization of reductive aminocarbonylation to access fused heterocycle.?

@)
CO (balloon) NH

Br N02
0 Ni salt (mol %), ligand (mol %)
Mn (5 equiv), TMSCI (3 equiv) O
1a solvent, 140 °C, 18 h

/ \ Q\ /j % &j
—N  N= R=H: L2 R4tBuL4 =

L1 R =3-Me: L3

Entry  Nisalt (mol %) Ligand (mol %) Mn (equiv) Solvent Yield of 2a / %"

1 NiClz (30) L1 (30) 5 MeCN trace
2 NiClz (30) L1 (30) 5 1,4-dioxane trace
3 NiCl2 (30) L1 (30) 5 DMA 30
4 NiCl2 (30) L1 (30) 5 NMP 32
5 NiBr2 (30) L1 (30) 5 NMP trace
6 Ni(acac)2(30) L1 (30) 5 NMP trace
7 Ni(dme)Clz (30) L1 (30) 5 NMP 46
8 Ni(dme)Br2 (30) L1 (30) 5 NMP 30
9 Ni(dme)Clz (30) L2 (30) 5 NMP 40
10 Ni(dme)Clz (30) L3 (30) 5 NMP 40
11 Ni(dme)Clz (30) L4 (30) 5 NMP 60
12 Ni(dme)Clz (30) L5 (30) 5 NMP 80
13 Ni(dme)Clz (30) L6 (30) 5 NMP 30
14 Ni(dme)Clz (15) L5 (15) 5 NMP 82
15 Ni(dme)Clz (15) L5 (20) 5 NMP 64
16 Ni(dme)Clz (10) L5 (20) 5 NMP 38
17 Ni(dme)Clz (10) L5 (10) 5 NMP 48
18 Ni(dme)Clz (15) L5 (15) 4 NMP 82
19 Ni(dme)Clz (15) L5 (15) 3 NMP 75
20 Ni(dme)Clz (15) L5 (15) 2 NMP 38
21 Ni(dme)Clz (15) L5 (15) 4 NMP 39¢

# Reaction conditions: 1a (0.25 mmol), CO (baloon), Ni salt (10-30 mol %), ligand (10-30 mol %),solvent
(2 mL), Mn (2-5 equiv.), TMSCI (3 equiv.), 140 °C, 18 h.’Isolated yield.  TMSCI (2 equiv.) was used.
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Experimental Section

General Procedures for the Synthesis of haloaryl-tethered 2-nitroarenes (General

Procedures A).!
YH F Br N02
N N NO2  k,co, (2 equiv) e B
R m + \Z o . 0 _
_— \R2 DMF, 110 °C, overnight = /\RZ
(1 equiv) (1 equiv) Y=0,S

To a 100 mL round bottom flask equipped with a magnetic stir bar was charged with the 2-
bromophenol/2-bromothiophenol (1 equiv, 10 mmol), K2COs3 (2 equiv, 20 mmol) and DMF (15
mL) under an air atmosphere. A solution of 2-fluoronitroarene (1 equiv, 10 mmol) in DMF (5
mL) was added into the solution. The resulting reaction mixture was then stirred at 110 °C
overnight. At this point, the reaction mixture was cooled down to room temperature. CH2Cl2
(100 mL) was added to the reaction mixture and the organic fraction was washed successively
with an aqueous solution of NaOH (~1 M, ~30 mL), water (3 x ~100 mL), and brine (30 mL).
The organic fraction was concentrated in vacuo with the aid of rotary evaporator. The residue
was recrystallized with CH2Cl2 and petroleum ether to afford the haloaryl-tethered 2-nitroarene

as the starting material.

OH F Br NO,
Br @/NOZ K,COs (2 equiv) 0
+ DMF, 110 °C, overnight
(1 equiv) (1 equiv) 1a, 90%

1-Bromo-2-(2-nitrophenoxy)benzene (1a).

Following the general procedure A, the title compound was prepared from 2-bromophenol (20
mmol, 2.32 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL), K2CO3 (40 mmol, 5.53 g), and
DMF (40 mL) to obtain the title compound as a white solid (5.29 g, 90%). '"H NMR (400 MHz,
CDCl) 6 8.00 — 7.97 (m, 1H), 7.67 — 7.64 (m, J = 8.0, 1.5 Hz, 1H), 7.51-7.47 (m, 1H), 7.35-
7.31 (m, 1H), 7.23-7.19 (m, 1H), 7.14-7.10 (m, 1H), 7.07-7.04 (m, 1H), 6.85 (d, J = 8.3 Hz,
1H). 3C NMR (101 MHz, CDCl3) 8 152.1, 150.2, 140.6, 134.3, 134.2, 129.1, 126.5, 126.0,
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123.3, 121.3, 119.1, 115.2. HRMS (ESI) m/z: [M+H]" Calcd for C12HyBrNO3" 293.9766;
Found 293.9766.

OH F | NO,

| NO; 0
. K:COs (2 equiv)

DMF, 110 °C, overnight
(1 equiv) (1 equiv) 1a-l, 85%

1-Iodo-2-(2-nitrophenoxy)benzene (1a-I).

Following the general procedure A, the title compound was prepared from 2-iodophenol (20
mmol, 2.26 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.11 mL), K2CO3 (40 mmol, 5.53 g), and
DMF (40 mL) to obtain the title compound as a grey solid (5.80 g, 85%). '"TH NMR (400 MHz,
CDCl3) 6 7.99 (d,J=8.1 Hz, 1H), 7.88 (d, J= 7.8 Hz, 1H), 7.50 (td, J=8.7, 1.7 Hz, 1H), 7.35
(t,J=7.8 Hz, 1H), 7.21 (t, J= 7.8 Hz, 1H), 6.98 — 6.94 (m, J = 8.4 Hz, 2H), 6.85 (d, /= 8.3
Hz, 1H). BC NMR (101 MHz, CDCl3) § 155.1, 150.1, 140.8, 140.3, 134.4, 130.6, 126.7, 126.0,
123.4,120.1, 119.5, 88.9. HRMS (ESI) m/z: [M+H]" Caled for C12HoINO3" 341.9630; Found
341.9627.

OH F Br NO,
Br N02 K2003 (2 GQUiV) 0]
+ DMF, 110 °C, overnight
MeO
OMe
(1 equiv) (1 equiv) 1b, 90%

2-Bromo-4-methoxy-1-(2-nitrophenoxy)benzene (1b).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methoxyphenol (20 mmol, 2.56 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL), K2CO3 (40
mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid (5.80 g, 90%).
TH NMR (400 MHz, CDCl3) 8 7.98 (dd, J= 8.2, 1.7 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.23 (dd, J
=8.1, 1.4 Hz, 1H), 7.15 - 7.10 (m, 2H), 6.95 (dd, J = 8.3, 1.5 Hz, 1H), 6.66 (dd, /= 8.4, 1.2
Hz, 1H), 3.75 (s, 3H). 3C NMR (101 MHz, CDCl3) § 153.4, 150.9, 140.0, 139.4, 134.1, 127 4,
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125.9, 125.2, 122.0, 117.9, 116.2, 112.1, 56.4. HRMS (ESI) m/z: [M+H]" Calcd for
Ci3H1NO4Br* 323.9871; Found: 323.9877.

OH F Br NO,
Br NO> K>,COj3 (2 equiv) 0
+ DMF, 110 °C, overnight
MeO
OMe
(1 equiv) (1 equiv) 1c, 88%

1-Bromo-4-methoxy-2-(2-nitrophenoxy)benzene (1c¢).

Following the general procedure A, the title compound was prepared from 2-bromo-5-
methoxyphenol (1 equiv, 20 mmol, 2.56 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL),
K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid
(5.70 g, 88%). 'H NMR (400 MHz, CDCl3) & 7.98 (dd, /= 8.2, 1.7 Hz, 1H), 7.52 — 7.48 (m, J
= 8.2 Hz, 2H), 7.23 — 7.17 (m, 1H), 6.87 (dd, J = 8.4, 1.3 Hz, 1H), 6.68 (dd, J = 8.9, 2.9 Hz,
1H), 6.60 (d, J=2.8 Hz, 1H), 3.75 (s, 3H). 3C NMR (101 MHz, CDCl3) § 160.3, 152.6, 150.1,
140.5, 134.4, 134.1, 126.0, 123.3, 119.2, 112.3, 107.6, 105.5, 55.8. HRMS (ESI) m/z: [M+H]"
Calcd for Ci3H11NO4Br* 323.9871; Found: 323.9874.

OH F Br NO,
NO
Me0\©/8r ©/ 2 K,CO3 (2 equiv) ©[0\©
¥ DMF, 110 °C, overnight oM
(1 equiv) (1 equiv) 1d, 70%

1-Bromo-3-methoxy-2-(2-nitrophenoxy)benzene (1d).

Following the general procedure A, the title compound was prepared from 2-bromo-6-
methoxyphenol (20 mmol, 2.56 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL), K2CO3 (40
mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid (4.54 g, 70%).
'TH NMR (400 MHz, CDCls) 8 7.95 (dd, J= 8.1, 1.7 Hz, 1H), 7.46 — 7.42 (m, 1H), 7.17 (d, J
=29 Hz, 1H), 7.16 — 7.11 (m, 1H), 7.06 (d, J = 8.9 Hz, 1H), 6.88 (dd, J = 8.9, 2.9 Hz, 1H),
6.75 (dd,J=8.4,1.2 Hz, 1H), 3.81 (s, 3H). *C NMR (101 MHz, CDCl3) § 157.6, 151.2, 145.1,
140.0, 134.2,125.9, 123.0, 122.4,118.9, 117.7, 116.2, 114.8, 55.9. HRMS (ESI) m/z: [M+H]"
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Calcd for Ci13H11NO4Br* 323.9871; Found: 323.9874.

OH b Br NO,
NO
+
Me DMF, 110 °C, overnight OMe
OMe
(1 equiv) (1 equiv) 1e, 73%

1-Bromo-3-methoxy-2-(2-nitrophenoxy)benzene (1e).

Following the general procedure A, the title compound was prepared from 2-bromo-3-
methylphenol (10 mmol, 1.87 g), 1-fluoro-4-methoxy-2-nitrobenzene (10 mmol, 1.71 g)
K2COs3 (20 mmol, 2.76 g) and DMF (20 mL) to obtain the title compound as a yellow solid
(2.47g, 73%). '"H NMR (400 MHz, CDCl3) 6 7.47 (d, J= 3.1 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H),
7.06 (dd, J=9.2, 3.1 Hz, 1H), 7.01 (d, /= 7.6 Hz, 1H), 6.89 (d, J=9.2 Hz, 1H), 6.69 (d, J =
8.1 Hz, 1H), 3.82 (s, 3H), 2.43 (s, 3H). 3C NMR (101 MHz, CDCl3) § 155.4, 153.5, 143.4,
141.2, 140.7, 127.9, 126.3, 122.1, 121.1, 116.6, 116.5, 109.8, 56.1, 23.2. HRMS (ESI) m/z:
[M+H]" Calcd for C14aH13NO4Br 338.0028; Found: 338.0028.

OH F Br NO,
C[Br e Jv\ N0 o equi) Me- i ,o:©
Me DMF, 110 °C, overnight Me
(1 equiv) (1 equiv) 1f, 82%
2-Bromo-1-methyl-3-(2-methyl-6-nitrophenoxy)benzene (1f).
Following the general procedure A, the title compound was prepared from 2-bromo-3-
methylphenol (10 mmol, 1.87 g), 2-fluoro-1-methyl-3-nitrobenzene (10 mmol, 1.55 g), K2COs3
(20 mmol, 2.76 g), and DMF (20 mL) to obtain the title compound as a brown solid (2.64g,
82%). '"H NMR (400 MHz, CDCl3) 6 7.81 (dd, J = 8.2, 2.0 Hz, 1H), 7.52 (d, J = 7.7 Hz, 1H),
7.28 (t,J=17.9 Hz, 1H), 7.01 (t,J= 7.8 Hz, 1H), 6.93 (dd, J= 7.6, 1.7 Hz, 1H), 6.26 (dd, J =
8.1, 1.7 Hz, 1H), 2.46 (s, 3H), 2.17 (s, 3H). BC NMR (101 MHz, CDCl3) § 153.9, 145.8, 143.8,
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140.5, 136.4, 134.9, 127.5, 125.6, 124.7, 123.4, 113.9, 111.4, 23.3, 16.4. HRMS (ESI) m/z:
[M+H]" Caled for C14H13BrNOs* 322.0079; Found: 322.0074.

OH F

Br N02
Me Br NO, o
+ K>CO3 (2 equiv) R
Me

DMF, 110 °C, overnight Me

1 . . Me
(1 equiv) (1 equiv) 1g, 87%

1-Bromo-3-methyl-2-(5-methyl-2-nitrophenoxy)benzene (1g).

Following the general procedure A, the title compound was prepared from 2-bromo-6-
methylphenol (10 mmol, 1.87 g), 2-fluoro-4-methyl-1-nitrobenzene (10 mmol, 1.55 g), KoCO3
(20 mmol, 2.76 g), and DMF (20 mL) to obtain the title compound as a brown solid (2.80 g,
87%). 'H NMR (400 MHz, CDCl3) 6 7.93 (d, J= 8.3 Hz, 1H), 7.49 (dd, J= 7.9, 2.0 Hz, 1H),
7.25 (d, J=17.7 Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H), 6.90 (dd, J = 8.3, 1.1 Hz, 1H), 6.31 (d, J =
1.2 Hz, 1H), 2.28 (s, 3H), 2.23 (s, 3H). '*C NMR (101 MHz, CDCls) & 150.4, 148.8, 146.1,
136.7, 133.7, 131.6, 130.8, 127.2, 126.3, 122.7, 117.1, 115.6, 21.8, 16.8. HRMS (ESI) m/z:
[M+H]" Calcd for C14H13BrNOs" 322.0079; Found: 322.008]1.

OH F
Br NO
Br NO, o L °
K>COj3 (2 equiv)
+
DMF, 110 °C, overnight Me OMe
Me OMe
(1 equiv) (1 equiv) 1h, 91%

2-Bromo-1-(4-methoxy-2-nitrophenoxy)-4-methylbenzene (1h).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 3.74 g), 1-fluoro-4-methoxy-2-nitrobenzene (20 mmol, 3.42 g),
K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid
(6.15 g, 91%). 'TH NMR (400 MHz, CDCls) & 7.49 (d, J = 3.1 Hz, 1H), 7.44 (d, J = 1.3 Hz,
1H), 7.08 — 7.04 (m, 2H), 6.86 (d, J=9.2 Hz, 1H), 6.81 (d, /= 8.3 Hz, 1H), 3.85 (s, 3H), 2.32
(s, 3H). BC NMR (101 MHz, CDCl3) 8 155.1, 151.0, 143.9, 141.2, 135.7, 134.3, 129.4, 121.5,
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121.2, 119.6, 114.0, 109.6, 56.1, 20.5. HRMS (ESI) m/z: [M+H]" Calcd for C14H13BrNO4*
338.0028; Found: 338.0026.

OH

o E Br NO,
' NO, K:CO;3 (2equiv) o) OMe
* DMF, 110 °C, overnight
OMe Me
Me
(1 equiv) (1 equiv) 1i, 65%

1-(2-Bromo-4-methylphenoxy)-3-methoxy-2-nitrobenzene (1i).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 3.74 g), 1-fluoro-3-methoxy-2-nitrobenzene (20 mmol, 3.42 g),
K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid
(4.40 g, 65%). '"H NMR (400 MHz, CDCls) 6 7.44 (d,J= 2.0 Hz, 1H), 7.23 (t,J = 8.6 Hz, 1H),
7.11 (dd, J=8.3, 2.6 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.71 (d, J= 8.6 Hz, 1H), 6.29 (dd, J =
8.5,0.9 Hz, 1H), 3.92 (s, 3H), 2.34 (s, 3H). ®C NMR (101 MHz, CDCl3) § 152.2, 150.0, 149.3,
137.1, 134.3, 132.8, 131.1, 129.7, 122.1, 115.3, 108.5, 106.3, 56.7, 20.6. HRMS (ESI) m/z:
[M+H]" Calcd for C14aH13BrNO4" 338.0028; Found: 338.0031.

OH
F Br NO,
Br
. NO K,COj3 (2 equiv) 0
DMF, 110 °C, overnight
NH, H,N
(1 equiv) (1 equiv) 1j, 87%

3-bromo-4-(2-nitrophenoxy)aniline (1j).

Following the general procedure A, the title compound was prepared from 4-amino-2-
bromophenol (20 mmol, 3.76 g), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL), K2CO3 (40
mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a brown solid (5.38 g, 87%).
'H NMR (400 MHz, DMSO) 4 7.99 (dd, J= 8.1, 1.7 Hz, 1H), 7.61 — 7.57 (m, 1H), 7.24 — 7.20
(m, 1H), 7.00 (d, J= 8.7 Hz, 1H), 6.90 (d, J= 2.6 Hz, 1H), 6.75 (dd, /= 8.4, 1.2 Hz, 1H), 6.63
(dd, J = 8.7, 2.6 Hz, 1H), 5.46 (s, 2H). 1*C NMR (101 MHz, DMSO) & 151.4, 148.8, 140.1,
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139.7,135.2,126.0, 124.0, 122.7, 117.8, 117.1, 115.7, 114.8. HRMS (ESI) m/z: [M-H] Calcd
for C12HsBrN203 306.9718; Found: 306.9719.

OH F Br NO,
Br /©/N02 K,CO3 (2 equiv) 0O
+ >
cl DMF, 110 °C, overnight Me
Me Cl
(1 equiv) (1 equiv) 1k, 80%

2-Bromo-1-(5-chloro-2-nitrophenoxy)-4-methylbenzene (1k).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 2.41 mL), 4-chloro-2-fluoro-1-nitrobenzene (20 mmol, 2.35 mL),
K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid
(5.48 g, 80 %). '"H NMR (400 MHz, CDCls) & 7.98 (d, J = 8.8 Hz, 1H), 7.51 (d, J = 2.1 Hz,
1H), 7.20 (dd, J = 8.3, 2.1 Hz, 1H), 7.15 (dd, J = 8.8, 2.1 Hz, 1H), 7.05 (d, J = 8.2 Hz, 1H),
6.75 (d, J = 2.1 Hz, 1H), 2.37 (s, 3H). '*C NMR (101 MHz, CDCls) 6 151.7, 148.7, 140.3,
138.0, 137.7,134.7,130.0, 127.1, 122.8, 122.1, 118.0, 115.2, 20.7. HRMS (ESI) m/z: [M+H]"
Calcd for Ci13H10NO3Cl1Br 341.9533; Found: 341.9529.

OH
Br N02 Br N02
+ KzCO3 (2 equiv) /@/O\E)\
DMF, 110 °C, overnight
Me F Me F
(1 equiv) (1 equiv) 11, 60%

2-Bromo-1-(4-fluoro-2-nitrophenoxy)-4-methylbenzene (11).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 2.41 mL), 1,4-difluoro-2-nitrobenzene (20 mmol, 2.17 mL), K2COs3
(40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid (3.91 g,
60%). "H NMR (400 MHz, CDCI3) 6 7.72 (dd, J = 7.7, 3.1 Hz, 1H), 7.47 (d, J = 2.8 Hz, 1H),
7.23 —7.19 (m, 1H), 7.14 — 7.11 (m, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.83 (dd, J=9.2, 4.5 Hz,
1H), 2.35 (s, 3H). 1*C NMR (101 MHz, CDCls)  156.8 (d, Jcr = 246.8 Hz), 149.8, 147.0 (d,
Jor=3.1 Hz), 140.1 (d, Jcr = 8.4 Hz), 136.9, 134.5, 129.8, 121.5 (d, J cr = 23.1 Hz), 121.0,
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120.4 (d, Jer = 7.9 Hz), 114.7, 113.0 (d, Je.r = 27.6 Hz), 20.6. °F NMR (376 MHz, CDCL3)
-117.12. HRMS (ESI) m/z: [M+H]" Calcd for C13H10NOsBrF 325.9828; Found: 325.9830.

OH F Br NO,
Br NO, K,COj3 (2 equiv) o
+ DMF, 110 °C, overnight
Me CF;
Me CF3
(1 equiv) (1 equiv) 1m, 72%

2-Bromo-4-methyl-1-(2-nitro-4-(trifluoromethyl)phenoxy)benzene (1m).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 2.41 mL), 1-fluoro-2-nitro-4-(trifluoromethyl)benzene (20 mmol,
2.55 mL) K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow
solid (5.42 g, 72%). '"H NMR (400 MHz, CDCls) & 8.25 (d, J=2.7 Hz, 1H), 7.67 (dd, J= 8.9,
2.6 Hz, 1H), 7.50 (d, J = 2.8 Hz, 1H), 7.20 (dd, J = 8.3, 2.9 Hz, 1H), 7.07 (d, /= 8.2 Hz, 1H),
6.84 (d, J = 8.8 Hz, 1H), 2.38 (s, 3H). '*C NMR (101 MHz, CDCls) & 153.4, 148.3, 139.4,
138.2, 134.7, 130.9 (q, Jcr = 3.4 Hz), 130.1, 122.88 (q, Jc-r =272.1 Hz), 124.7 (q, Jcr = 34.3
Hz), 123.7 (q, Jcr=3.9 Hz), 122.4, 117.9, 115.4,20.7. YF NMR (376 MHz, CDCl3) 8 -62.19.
HRMS (ESI) m/z: [M+H]" Calcd for C14H10NO3BrF3 375.9796; Found: 375.9801.

OH F
Br NO, Br NO,
+ K2CO3 (2 GQUiV) _ /©/O\©\
o i h
Me N DMF, 110 °C, overnight Me CN

(1 equiv) (1 equiv) 1n, 82%
4-(2-Bromo-4-methylphenoxy)-3-nitrobenzonitrile (1n).
Following the general procedure A, the title compound was prepared from 2-bromo-4-
methylphenol (20 mmol, 2.41 mL), 4-fluoro-3-nitrobenzonitrile (20 mmol, 3.32 g), K2COs3 (40
mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a gray solid (5.46 g, 82%).
TH NMR (400 MHz, CDCl3) 6 8.27 (d, J=2.1 Hz, 1H), 7.69 (dd, J= 8.7, 2.1 Hz, 1H), 7.50 (d,
J=2.1 Hz, 1H), 7.21 (dd, J = 8.6, 2.5 Hz, 1H), 7.09 (d, J = 8.2 Hz, 1H), 6.81 (d, J= 8.7 Hz,
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1H), 2.39 (s, 3H). 3C NMR (101 MHz, CDCl3) & 154.2, 147.7, 139.5, 138.6, 137.3, 134.8,
130.2, 130.1, 122.6, 118.0, 116.6, 115.4, 106.2, 20.7. HRMS (ESI) m/z: [M+Na]" Calecd for
C14HoN203BrNa* 354.9694; Found 354.9695.

Step 1

/@AOH 1) PBrs (1.2 equiv) /O/\Br
F3CO F3CO

DCM,0°Ctort, 1-2h
(1 equiv)

2

F
Step 2 NO Br 5 NO
2 0.8 i . r 2
/@/\Br ) HO NO, (0.8 equiv) F. 3) MeOOH (0.8 equiv) o
F3CO K>COj3 (1 equiv) OCF3 K>CO3 (1 equiv) M OCF;
e [ I
0 o

DMF, 80°C, 10 h DMF, 80 °C, 10 h

10, 50%

2-Bromo-4-methyl-1-(2-nitro-5-((4-(trifluoromethoxy)phenoxy)methyl)phenoxy)benzene
(10).
Steps 1 and 2 are performed according to the literature procedures.*?

Step 1: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was
charged with (4-(trifluoromethoxy)phenyl)methanol (1 equiv, 20 mmol, 2.90 mL) and dry
DCM (100 mL, 0.2 M) under argon atmosphere. The reaction mixture was cooled to 0 °C, and
PBr3 (1.2 equiv, 24 mmol, 2.26 mL) was added dropwise. The resulting reaction mixture was
warmed to room temperature and was stirred until the consumption of substrate as judged by
TLC. The reaction was then quenched with ice-cold water, and the organic fraction was
separated and washed with saturated NaHCO3 solution and dried over anhydrous Na2SO4. The
organic fraction concentrated under reduced pressure with the aid of rotary evaporator to give
4-trifluoromethoxybenzyl bromide which was used for the step 2 without further purification.

Step 2: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was
charged with 3-fluoro-4-nitrophenol (0.8 equiv, 16 mmol, 2.51 g), K2COs (1 equiv, 20 mmol,
2776 g), and DMF (30 mL). After stirring for 10 min at room temperature, 4-
trifluoromethoxybenzyl bromide (~1 equiv, from step 1) was added, and the resulting mixture
was stirred continued at 80 °C under air atmosphere for 10 h until the consumption of substrate
as judged by TLC. 2-bromo-4-methylphenol (0.8 equiv, 16 mmol, 1.93 mL) and K2COs (1
equiv, 20 mmol, 2.76 g) were then added, and the resulting mixture was further stirred under

air atmosphere at 80 °C for 10 h. the reaction mixture was cooled down to room temperature.
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At this point, CH2Cl2 (100 mL) was added to the reaction mixture and the organic fraction was
washed successively with an aqueous solution of NaOH (~1 M, ~100 mL), water (3 x ~100
mL), and brine (100 mL). The organic fraction was concentrated in vacuo with the aid of rotary
evaporator. The residue was recrystallized with CH2Cl2 and petroleum ether to afford the title
compound as a white solid (3.99 g, 50%). "TH NMR (400 MHz, CDCl3) & 7.58 (d, J= 3.2 Hz,
1H), 7.47 (s, 1H), 7.45 (s, 2H), 7.26 (d, J = 7.8 Hz, 2H), 7.11 (dd, /= 9.1, 3.1 Hz, 1H), 7.07
(dd, J=8.3, 2.8 Hz, 1H), 6.87 — 6.83 (m, 2H), 5.08 (s, 2H), 2.33 (s, 3H). '3*C NMR (101 MHz,
CDCls) 6 153.8,150.7,149.2 (d, Jc.r = 2.2 Hz), 144.5, 140.8, 136.0, 134.5, 134.4, 129.5, 129.1,
128.3,121.8, 121.3, 120.5 (q, Jc-r = 255.9 Hz), 120.0, 114.2, 110.8, 70.1, 20.5. ’F NMR (376
MHz, CDCls) 8 -57.84. HRMS (ESI) m/z: [M+H]" Calcd for C21H16BrF3NOs* 498.0164;
Found: 498.0170.

o
Step 1 M/\OH 1) PBrs (1.2 equiv) Q/\Br

DCM, 0°Cto rt, 1-2 h

(1 equiv)
Br

F
2) HOONoz (0.8 equiv) NO, 3) MeOOH (0.8 equiv) Br NO,
Step 2 0) F ' o
@/\Br K,COs (1 equiv) K,COs (1 equiv)
Me (@) i\
O

DMF, 80 °C, 10 h O\\ DMF, 80 °C, 10 h

o)
1p, 60%

2-((3-(2-Bromo-4-methylphenoxy)-4-nitrobenzyl)oxy)furan (1p).

Step 1: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was
charged with furan-2-ylmethanol (1 equiv, 20 mmol, 1.73 mL) and dry DCM (100 mL, 0.2 M)
under argon atmosphere. The reaction mixture was cooled to 0 °C, and PBr3; (1.2 equiv, 24
mmol, 2.26 mL) was added dropwise. The resulting reaction mixture was warmed to room
temperature and was stirred until the consumption of substrate as judged by TLC. The reaction
was then quenched with ice-cold water, and the organic fraction was separated and washed
with saturated NaHCOs solution and dried over anhydrous Na:SOas. The organic fraction
concentrated under reduced pressure with the aid of rotary evaporator to give 2-
(bromomethyl)furan which was used for the step 2 without further purification.

Step 2: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was

charged with 3-fluoro-4-nitrophenol (0.8 equiv, 16 mmol, 2.51 g), K2COs (1 equiv, 20 mmol,
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276 g), and DMF (30 mL). After stirring for 10 min at room temperature, 2-
(bromomethyl)furan (~1 equiv, from step 1) was added, and the resulting mixture was stirred
continued at 80 °C under air atmosphere for 10 h until the consumption of substrate as judged

by TLC. 2-bromo-4-methylphenol (0.8 equiv, 16 mmol, 1.93 mL) and K2COs (1 equiv, 20

mmol, 2.76 g) were then added, and the resulting mixture was further stirred under air
atmosphere at 80 °C for 10 h. the reaction mixture was cooled down to room temperature. At
this point, CH2Cl2 (100 mL) was added to the reaction mixture and the organic fraction was
washed successively with an aqueous solution of NaOH (~1 M, ~100 mL), water (3 x ~100
mL), and brine (100 mL). The organic fraction was concentrated in vacuo with the aid of rotary
evaporator. The residue was recrystallized with CH2Cl2 and petroleum ether to afford the title
compound as a red solid (3.88 g, 60%). '"H NMR (400 MHz, CDCl3) § 7.61 (d, J= 3.1 Hz, 1H),
7.40 —7.37 (m, 2H), 7.13 (dd, /= 9.2, 3.1 Hz, 1H), 7.09 — 7.05 (m, 1H), 6.86 — 6.82 (m, 2H),
6.47 (dd, J=3.2, 0.7 Hz, 1H), 6.41 — 6.38 (m, 1H), 5.03 (s, 2H), 2.33 (s, 3H). 3C NMR (101
MHz, CDCls) 6 153.7, 151.0, 149.1, 144.5, 143.6, 141.1, 135.9, 134.4, 129.5, 122.2, 121.2,
119.9, 114.2, 111.0, 110.8, 110.7, 63.2, 20.5. HRMS (ESI) m/z: [M+H]" Calcd for
CisHisBrNOs* 404.0127; Found: 404.0134.

S
Step 1 @/\OH 1) PBr3 (1.2 equiv) Q/\Br

DCM,0°Ctort, 1-2 h

(1 equiv)

0,

2) HO No2 (0.8 equiv) 3) MeOOH (0.8 equiv)
S
Step 2 @/\Br K>COj3 (1 equiv) Q K2CO3 (1 equiv) Q

DMF, 80°C, 10 h DMF, 80 °C, 10 h

1q, 60%
2-((3-(2-Bromo-4-methylphenoxy)-4-nitrobenzyl)oxy)thiophene (1q).

Step 1: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was
charged with thiophen-2-ylmethanol (1 equiv, 20 mmol, 1.88 mL) and dry DCM (100 mL, 0.2
M) under argon atmosphere. The reaction mixture was cooled to 0 °C, and PBr3 (1.2 equiv, 24
mmol, 2.26 mL) was added dropwise. The resulting reaction mixture was warmed to room
temperature and was stirred until the consumption of substrate as judged by TLC. The reaction
was then quenched with ice-cold water, and the organic fraction was separated and washed

with saturated NaHCOs3 solution and dried over anhydrous Na>SOs. The organic fraction
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concentrated under reduced pressure with the aid of rotary evaporator to give 2-
(bromomethyl)thiophene which was used for the step 2 without further purification.
Step 2: In an oven-dried 250 mL round bottom flask equipped with a magnetic stir bar was

charged with 3-fluoro-4-nitrophenol (0.8 equiv, 16 mmol, 2.51 g), K2COs (1 equiv, 20 mmol,
2776 g), and DMF (30 mL). After stirring for 10 min at room temperature, 2-

(bromomethyl)thiophene (~1 equiv, from step 1) was added, and the resulting mixture was
stirred continued at 80 °C under air atmosphere for 10 h until the consumption of substrate as
judged by TLC. 2-bromo-4-methylphenol (0.8 equiv, 16 mmol, 1.93 mL) and K>COs3 (1 equiv,
20 mmol, 2.76 g) were then added, and the resulting mixture was further stirred under air
atmosphere at 80 °C for 10 h. the reaction mixture was cooled down to room temperature. At
this point, CH2Cl2 (100 mL) was added to the reaction mixture and the organic fraction was
washed successively with an aqueous solution of NaOH (~1 M, ~100 mL), water (3 x ~100
mL), and brine (100 mL). The organic fraction was concentrated in vacuo with the aid of rotary
evaporator. The residue was recrystallized with CH2Cl2 and petroleum ether to afford the title
compound as a red solid (4.03 g, 60%). 'H NMR (400 MHz, CDCl3) § 7.59 (d, /= 3.1 Hz, 1H),
7.45 (d, J=2.2 Hz, 1H), 7.36 (dd, J= 5.1, 1.2 Hz, 1H), 7.14 - 7.11 (m, 2H), 7.07 (dd, J = 8.3,
2.2 Hz, 1H), 7.04 — 7.00 (m, 1H), 6.86 — 6.82 (m, 2H), 5.25 (s, 2H), 2.33 (s, 3H). 3C NMR
(101 MHz, CDCl3) 6 153.6, 150.7, 144.5, 140.7, 137.8, 135.9, 134.4, 129.5, 127.6, 127.0, 126.9,
122.1, 121.3, 119.9, 114.2, 111.1, 65.9, 20.5. HRMS (ESI) m/z: [M+H]" Calcd for
Ci1sH1sBrNO4S™ 419.9905; Found: 419.9910.

F Br N02

Br O
NO, K,COj3 (2 equiv)
+ A _‘
O OH DMF, 110 °C, overnight O

(1 equiv) (1 equiv) 1r, 90%

2-Bromo-1-(2-nitrophenoxy)naphthalene (1r).

Following the general procedure A, the title compound was prepared from 2-bromonaphthalen-
I-ol (5 mmol, 1.12 g), 1-fluoro-2-nitrobenzene (5 mmol, 0.53 mL), K2CO3 (10 mmol, 1.38 g),
and DMF (10 mL) to obtain the title compound as a yellow solid (1.55 g, 90%). "H NMR (400
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MHz, CDCls) § 8.10 (s, 1H), 7.96 (dd, J = 8.1, 1.8 Hz, 1H), 7.75 — 7.66 (m, 1H), 7.66 — 7.58
(m, 1H), 7.48 — 7.36 (m, 3H), 7.33 (s, 1H), 7.22 — 7.10 (m, 1H), 6.87 (dd, J= 8.4, 1.3 Hz, 1H).
I3C NMR (101 MHz, CDCl3) 6 150.4, 149.8, 134.4, 133.3, 133.0, 131.7, 127.3, 127.2, 126.9,
126.5, 126.1, 123.6, 119.8, 117.3, 116.1, 114.3. HRMS (ESI) m/z: [M+Na]* Calcd for
Ci6H10BrNO3Na"365.9742; Found: 365.9742.

F
Br N02 Br NOZ
+ K>COg3 (2 equiv) R S
SH DMF, 110 °C, overnight

(1 equiv) (1 equiv) 1s, 92%

(2-Bromophenyl)(2-nitrophenyl)sulfane (1s).

Following the general procedure A, the title compound was prepared from 2-
bromobenzenethiol (20 mmol, 2.40 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.12 mL), K2COs3
(40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid (5.71 g,
92%). '"H NMR (400 MHz, CDCl3) & 8.18 (dd, J= 8.3, 1.5 Hz, 1H), 7.69 (dd, J = 7.9, 1.5 Hz,
1H), 7.64 (dd, J=17.6, 1.8 Hz, 1H), 7.35 (td, J= 7.5, 1.5 Hz, 1H), 7.33 — 7.25 (m, 2H), 7.20 —
7.16 (m, 1H), 6.68 (dd, J = 8.2, 1.3 Hz, 1H). 3C NMR (101 MHz, CDCl3) & 145.1, 138.1,
137.3,134.3,133.7,132.3,131.8, 131.1, 128.9, 128.0, 126.0, 125.4. HRMS (ESI) m/z: [M+H]"
Calcd for C12HoBrNO2S" 309.9537; Found 309.9535.

F Br N02
Br NO, K>COj3 (2 equiv) S OMe
+ DMF, 110 °C, overnight
SH OMe

(1 equiv) (1 equiv) 1t, 88%

(2-Bromophenyl)(3-methoxy-2-nitrophenyl)sulfane (1t).

Following the general procedure A, the title compound was prepared from 2-
bromobenzenethiol (20 mmol, 2.40 mL), 1-fluoro-3-methoxy-2-nitrobenzene (20 mmol, 2.60
mL), K2COs3 (40 mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a yellow
solid (5.99 g, 88%). 'H NMR (400 MHz, CDCls) § 7.61 — 7.57 (m, 1H), 7.33 (t, J = 8.3 Hz,
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1H), 7.27 - 7.20 (m, 2H), 7.17 — 7.12 (m, 1H), 6.98 (dd, J= 8.5, 1.2 Hz, 1H), 6.83 (dd, J = 8.0,
1.0 Hz, 1H), 3.92 (s, 3H). 3C NMR (101 MHz, CDCls) § 151.7, 135.1, 133.6, 133.0, 131.4,
129.3, 129.0, 1282, 126.0, 124.6, 111.9, 56.6. HRMS (ESI) m/z: [M+H]" Calcd for
Ci3H1iBrNOsS* 339.9643; Found 339.9646.

F Br NO,
Br
@ . NO, K5CO3 (2 equiv) R ©/ S\@\
SH DMF, 110 °C, overnight OMe
OMe
) 1u, 86%
(1 equiv) (1 equiv) ER

(2-Bromophenyl)(5-methoxy-2-nitrophenyl)sulfane (1u).

Following the general procedure A, the title compound was prepared from 2-
bromobenzenethiol (20 mmol, 2.40 mL), 2-fluoro-4-methoxy-1-nitrobenzene (20 mmol, 2.60
mL), K2COs3 (40 mmol, 2 equiv, 5.53 g), and DMF (40 mL) to obtain the title compound as a
green solid (5.85 g, 86%). 'TH NMR (400 MHz, CDCl3) 6 8.27 (d, /= 9.2 Hz, 1H), 7.78 (dd, J
=17.9, 1.5 Hz, 1H), 7.73 (dd, J= 7.5, 1.8 Hz, 1H), 7.43 (td, J= 7.6, 1.6 Hz, 1H), 7.37 (td, J =
7.6, 1.8 Hz, 1H), 6.71 (dd, J=9.2,2.6 Hz, 1H), 6.10 (s, 1H), 3.64 (s, 3H). *C NMR (101 MHz,
CDCl) 6 163.6, 140.6, 138.4, 138.3, 134.3, 132.2, 132.0, 131.4, 129.0, 128.5, 111.9, 111.0,
55.7. HRMS (ESI) m/z: [M+H]+ Calcd for C13H11BrNO3S™ 339.9643; Found 339.9647.

F
y NO 1) 'BUOK (5 equiv) Br Me NO,
' ? 2) Mel (2.0 equiv) N
NH,

DMSO, 110 °C, overnight

(2 equiv) (1 equiv) 1v, 40%
2-Bromo-N-methyl-N-(2-nitrophenyl)aniline (1v).
The known title compound was prepared according to the reported literature procedure. The
title compound was prepared using 1-fluoro-2-nitrobenzene (20 mmol) and 2-bromoaniline (20
mmol) to afford the title compound as a red solid (2.46 g, 40%). '"H NMR (400 MHz, CDCl3)
07.67 (dd,J=8.1,1.7 Hz, 1H), 7.61 (dd, J= 8.0, 1.5 Hz, 1H), 7.48 — 7.43 (m, 1H), 7.27 - 7.23
(m, 1H), 7.10 — 7.05 (m, 3H), 7.01 — 6.94 (m, 1H), 3.29 (s, 3H). 3C NMR (101 MHz, CDCl3)
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o 146.5, 142.9, 141.3, 134.6, 133.2, 128.7, 127.3, 126.6, 126.2, 121.5, 120.7, 120.4, 41.5.
HRMS (ESI) m/z: [M+H]" Calcd for C13H12BrN202" 307.0082; Found 307.0083.

Br
Br H F NO,
N NO, NaOH (2 equiv) N
¥ DMF, 110 °C, overnight
(1 equiv) (1 equiv) 1w, 60%

7-Bromo-1-(2-nitrophenyl)indoline (1w).

The title compound was prepared according to the similar literature procedure.’ To a 25 mL
round bottom flask equipped with a magnetic stirrer bar was charged with the a 7-
bromoindoline (1 equiv, 1 mmol, 198 mg), NaOH (2 equiv, 2 mmol, 80 mg) and DMF (5 mL)
under an argon atmosphere. A solution of 1-fluoro-2-nitrobenzene (1 equiv, 1 mmol, 106 uL)
in DMF (5 mL) was added into the solution. The resulting reaction mixture was then stirred at
110 °C overnight. At this point, the reaction mixture was cooled down to room temperature.
CH:2Cl2 (100 mL) was added to the reaction mixture and the organic fraction was washed
successively with an aqueous solution of NaOH (~1 M, ~30 mL), water (3 x ~100 mL), and
brine (30 mL). The residue was purified by flash chromatography on silica gel using a mixture
of ethyl acetate and petroleum ether (1:100) as eluent to obtain the title compound as a red
liquid (191.4 mg, 60%). "H NMR (400 MHz, CDCl3)  7.95 (dd, J = 8.2, 1.6 Hz, 1H), 7.50 —
7.47 (m, 1H), 7.26 — 7.17 (m, 4H), 6.77 (t, J = 7.6 Hz, 1H), 4.30 (q, J = 9.9 Hz, 1H), 3.65 —
3.58 (m, 1H), 3.35—-3.27 (m, 1H), 3.15—3.08 (m, 1H). 3*C NMR (101 MHz, CDCIl3) & 145.8,
142.6, 141.0, 135.5, 133.1, 132.2, 126.7, 125.5, 124.5, 124.0, 123.1, 107.2, 57.4, 30.0. HRMS
(ESI) m/z: [M+H]" Calcd for C1aH12BrN202" 319.0082; Found 319.0086.

Br E Br
H NO,
N NO, Cs,CO3 (2 equiv) N
g+ X
DMSO, 110 °C, overnight
(1 equiv) (1 equiv) 1x, 70%
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Bromo-1-(2-nitrophenyl)-1H-indole (1x).

The title compound was prepared according to the similar literature procedure.> To a 25 mL
round bottom flask equipped with a magnetic stirrer bar was charged with the 7-bromo-1H-
indole (1 equiv, 10 mmol, 1.96 g), Cs2COs3 (2 equiv, 20 mmol, 6.52 g) and DMSO (15 mL).
A solution of 1-fluoro-2-nitrobenzene (1 equiv, 10 mmol, 1.06 mL) in DMSO (5 mL) was
added into the solution. The resulting reaction mixture was then stirred at 110 °C overnight. At
this point, the reaction mixture was cooled down to room temperature. CH2Cl> (100 mL) was
added to the reaction mixture and the organic fraction was washed successively with an
aqueous solution of NaOH (~1 M, ~100 mL), water (3 X ~100 mL), and brine (100 mL). The
residue was purified by flash chromatography on silica gel using a mixture of ethyl acetate and
petroleum ether (1:20) as eluent to obtain the title compound as a a yellow solid (2.22 g, 70%).
TH NMR (400 MHz, CDCls) 6 8.09 (dd, J= 8.0, 1.7 Hz, 1H), 7.74 — 7.59 (m, 3H), 7.53 (dd, J
=17.7,1.6 Hz, 1H), 7.35 (d, J= 7.7 Hz, 1H), 7.17 (d, J = 3.3 Hz, 1H), 7.03 (t, /= 7.8 Hz, 1H),
6.74 (d, J = 3.3 Hz, 1H). 3C NMR (101 MHz, CDCls) & 147.8, 134.0, 133.7, 133.2, 132.4,
131.4,131.2,129.9,127.5,124.8,121.8, 120.8, 104.4, 103.9. HRMS (ESI) m/z: [M+H]" Calcd
for C14H10BrN202" 316.9926; Found 316.9928.

Br O Br
H F NO,
O ©/NOZ Cs,CO;3 (2 equiv) N\©
+
O DMSO, 110 °C, overnight O

(1 equiv) (1 equiv) 1y, 72%

1-Bromo-9-(2-nitrophenyl)-9H-carbazole (1y).

The title compound was prepared according to the similar literature procedure.’ To a 25 mL
round bottom flask equipped with a magnetic stirrer bar was charged with the 1-bromo-9H-
carbazole (1 equiv, 50 mmol, 12.31 g), Cs2CO3 (2 equiv, 100 mmol, 32.58 g) and DMSO (70
mL). A solution of 1-fluoro-2-nitrobenzene (1 equiv, 50 mmol, 5.30 mL) in DMSO (10 mL)
was added into the solution. The resulting reaction mixture was then stirred at 110 °C overnight.
At this point, the reaction mixture was cooled down to room temperature. CH2Cl2 (100 mL)
was added to the reaction mixture and the organic fraction was washed successively with an
aqueous solution of NaOH (~1 M, ~100 mL), water (3 X ~100 mL), and brine (100 mL). The

residue was purified by flash chromatography on silica gel using a mixture of ethyl acetate and
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petroleum ether (1:20) as eluent to obtain the title compound as a yellow solid (13.22 g, 72%).
'TH NMR (400 MHz, CDCl3)  8.21 (dd, J= 8.1, 1.7 Hz, 1H), 8.14 — 8.07 (m, 2H), 7.85 — 7.69
(m, 2H), 7.65 — 7.50 (m, 2H), 7.44 — 7.28 (m, 2H), 7.16 (t, J = 7.8 Hz, 1H), 6.97 — 6.90 (m,
1H). 3C NMR (101 MHz, CDCl3) 6 148.5, 142.5, 137.6, 133.8, 133.5, 132.2, 130.9, 130.2,
127.0,126.7,125.5,123.0,121.5,121.1, 120.5, 119.8, 110.0, 103.4. HRMS (ESI) m/z: [M+H]"
Calcd for Ci1sH12BrN202" 367.0082; Found 367.0086.

OH F
Br @/NO2 K>,COj3 (2 equiv) v 0 NG
¥ DMF, 110 °C, overnight /©/ ©
Cl Cl
(1 equiv) (1 equiv) 1z, 87%

2-Bromo-4-chloro-1-(2-nitrophenoxy)benzene (1z).

Following the general procedure A, the title compound was prepared from 2-bromo-4-
chlorophenol (20 mmol, 2.59 mL), 1-fluoro-2-nitrobenzene (20 mmol, 2.1mL), K2COs (40
mmol, 5.53 g), and DMF (40 mL) to obtain the title compound as a white solid (5.72 g, 87%).
TH NMR (400 MHz, CDCl3) 4 7.99 (dd, J = 8.1, 1.7 Hz, 1H), 7.64 (d, J = 2.4 Hz, 1H), 7.55 —
7.50 (m, 1H), 7.35 - 7.15 (m, 2H), 6.96 (d, J= 8.7 Hz, 1H), 6.88 (dd, J= 8.3, 1.3 Hz, 1H). 3C
NMR (101 MHz, CDCl3) 6 151.2, 149.7, 140.7, 134.5, 133.7, 130.9, 129.1, 126.1, 123.9, 121.5,
119.5,115.6. HRMS (ESI) m/z: [M+H]" Caled for C12HsNO3CIBr*327.9376; Found 327.9370.

OH F
NO Br NO
Br 2 K,COs (2 equiv) o 2
+ .
DMF, 110 °C, overnight
Cl Cl
(1 equiv) (1 equiv) 1aa, 80%

(2-Bromophenoxy)-4-chloro-2-nitrobenzene (1aa).

Following the general procedure A, the title compound was prepared from 2-bromophenol (20
mmol, 2.32 mL), 4-chloro-1-fluoro-2-nitrobenzene (20 mmol, 2.36 mL), K2CO3 (40 mmol,
5.53 g), and DMF (40 mL) to obtain the title compound as a yellow solid (5.26 g, 80%). 'H
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NMR (400 MHz, CDCl3) § 7.99 (dd, J = 8.2, 1.7 Hz, 1H), 7.65 (d, J= 2.4 Hz, 1H), 7.55 - 7.51

(m, 1H), 7.30 — 7.23 (m, 2H), 6.96 (d, J= 8.7 Hz, 1H), 6.88 (dd, J= 8.4, 1.3 Hz, 1H). ’C NMR
(101 MHz, CDCl3) § 151.2, 149.7, 140.7, 134.5, 133.7, 130.9, 129.1, 126.1, 123.9, 121.5, 119.5,
115.6. HRMS (ESI) m/z: [M+H]* Calcd for C12HsNOsCIBr* 327.9376; Found 327.9370.

SH F Br NO,
Br NO, K,COs3 (2 equiv) S
* DMF, 110 °C, overnight o
Cl
(1 equiv) (1 equiv) 1ab, 90%

(2-Bromophenyl)(4-chloro-2-nitrophenyl)sulfane (1ab).

Following the general procedure A, the title compound was prepared from 2-
bromobenzenethiol (20 mmol, 2.40 mL), 4-chloro-1-fluoro-2-nitrobenzene (20 mmol, 2.36
mL), K2COs3 (40 mmol, 5.53 g), and DMF (40 mL). to obtain the title compound as a yellow
solid (6.20 g, 90 %). 'H NMR (400 MHz, CDCl3)  8.26 (d, J=2.3 Hz, 1H), 7.78 (dd, J=17.9,
1.5Hz, 1H), 7.72 (dd, J=7.6, 1.8 Hz, 1H), 7.44 (td, J= 7.5, 1.5 Hz, 1H), 7.38 (td, /= 7.6, 1.8
Hz, 1H), 7.33 (dd, /= 8.7, 2.3 Hz, 1H), 6.68 (d, /= 8.7 Hz, 1H). 13C NMR (101 MHz, CDCl5)
0 145.2,138.1, 136.1, 134.5, 133.8, 132.1, 131.8, 131.2, 131.1, 129.02, 129.01, 125.8. HRMS
(ESI) m/z: [M+H]" Calcd for C12HsNO2SCIBr* 343.9148; Found 343.9141.

Synthesis of dibenzo-azepinone-based heterocycles via  Ni-catalyzed
intramolecular aminocarbonylation (General Procedure B).

An oven-dried 10 mL Schlenk tube equipped with a stir bar was sequentially charged with 2-
haloaryl-tethered nitroarene (1 equiv, 0.25 mmol), Ni(dme)Cl2 (0.15 equiv, 0.0375 mmol, 9.0
mg), Bphen (L5, 0.15 equiv, 0.0375 mmol, 13 mg), and Mn powder (4 equiv, 1 mmol, 55 mg).
The tube was evacuated in vacuo and then backfilled with CO using a CO balloon for three
times. NMP solvent (2 mL) and TMSCI (3 equiv, 0.75 mmol, 95 uL) were transferred into the
tube via a syringe. The resulting mixture was stirred under an CO balloon pressure in a

preheated heat block at 140 °C for 18 h. At this point, the reaction mixture was cooled down to
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room temperature. The reaction mixture was diluted with CH2Clz and then washed with dilute
aqueous HCIl solution (~0.1 M, 2 x 30 mL) and saturated brine (~30 mL), dried with anhydrous
Na2S04, and concentrated in vacuo with the aid of a rotary evaporator. The residue was purified
by flash chromatography on silica gel using a mixture of petroleum ether (PE) and ethyl acetate
(EtOACc) as the eluent to give the dibenzo-azepinone-based heterocycle product. (Note: water

was used for washing instead of HCI (aq) for products containing the amino groups.)

Dibenzo[b,f][1,4]oxazepin-11(10H)-one (2a).
(i) 0.25 mmol scale:

@)

Br o NO, CO (balloon) NH
©/ \© Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) (0]
1a

(o]
NMP, 140 °C, 18 h 2a, 82%

0.25 mmol
Following the general procedure B, the title compound was prepared from 1a (0.25 mmol, 74
mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as an orange amorphous
solid (43 mg, 82%). 'H NMR (400 MHz, DMSO) & 10.54 (s, 1H), 7.77 (dd, J = 7.8, 1.8 Hz,
1H), 7.60 (td, J = 7.5, 1.8 Hz, 1H), 7.36 — 7.30 (m, 3H), 7.20 — 7.11 (m, 3H). '3C NMR (101
MHz, DMSO) 6 166.3, 159.4, 150.9, 134.9, 131.9, 131.6, 126.4, 126.2, 125.9, 125.7, 122.1,
121.8, 121.1. HRMS (ESI) m/z: [M+H]" Calcd for C13H10NO2" 212.0712; Found 212.0715.

(ii) 3.5 mmol scale:

@)

Br o NO, CO (balloon) NH
ﬁj \© Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) 0]
1a

NMP, 155 °C, 72 h
2a, 65%

3.5 mmol
Dibenzo|b,f][1,4]oxazepin-11(10H)-one (2a).
Following the general procedure B, the title compound was obtained using 1a (1 equiv, 3.5
mmol, 1.03 g), Ni(dme)Cl2 (0.875 mmol, 195 mg), Bphen (0.875 mmol, 294 mg), Mn (14
mmol, 769 mg), TMSCI (10.5 mmol, 1.33 mL), and NMP (30 mL) at 155 °C using a mixture
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of PE/EtOAc (10:1) as an eluent to afford the amide product as an orange amorphous solid
(480 mg, 65%). The 'H NMR spectra was in agreement with the identical compound from (i).

)

| o NO, CO (balloon) NH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) 0]
1a-l

NMP, 140 °C, 18 h
2a, 60%

Dibenzol[b,f][1,4]oxazepin-11(10H)-one (2a).

Following the general procedure B, the title compound was prepared from 1a-I (1 equiv, 0.25
mmol, 85 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as an orange
amorphous solid (32 mg, 60%).

@)

Br o NO CO (balloon) NH
/©/ \© Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) MeO D
MeO Mn (4 equiv), TMSCI (3 equiv) o)
1b

NMP, 150 °C, 18 h
2b, 60%

2-Methoxydibenzo[b,f][1,4]oxazepin-11(10H)-one (2b).

Following the general procedure B, the title compound was prepared from 1b (1 equiv, 0.25
mmol, 81 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14 mg), and Bphen (0.25 equiv, 0.0625
mmol, 21 mg) at 150 °C using PE/EtOAc (10:1) as an eluent to afford the title compound as a
white amorphous solid (37 mg, 60%). TH NMR (400 MHz, DMSO) 6 10.53 (s, 1H), 7.31 (dd,
J=17.8,2.0Hz, 1H), 7.29 — 7.22 (m, 3H), 7.19 — 7.09 (m, 3H), 3.90 (s, 3H). 3C NMR (101
MHz, DMSO) 6 166.3, 151.14, 151.08, 148.1, 132.0, 127.6, 126.3, 126.0, 125.6, 122.1, 122.0,
121.9, 117.1, 56.8. HRMS (ESI) m/z: [M+H]" Calcd for Ci14aH12NOs" 242.0817; Found
242.0823.
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Br NO, o)

o CO (balloon) NH
\© Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %)
Mn (4 equiv), TMSCI (3 equiv) o
NMP, 150 °C, 18 h MeO
1c 2c, 47%

OMe

3-Methoxydibenzo[b,f][1,4]oxazepin-11(10H)-one (2¢).

Following the general procedure B, Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14 mg), and Bphen
(0.25 equiv, 0.0625 mmol, 21 mg) at 150 °C using PE/EtOAc (10:1) as an eluent to afford the
title compound as a white amorphous solid (29 mg, 47%). 'H NMR (400 MHz, DMSO) §
10.35 (s, 1H), 7.71 (d, J = 8.7 Hz, 1H), 7.32 (d, J = 7.6 Hz, 1H), 7.20 — 7.09 (m, 3H), 6.93 —
6.84 (m, 2H), 3.84 (s, 3H). ¥*C NMR (101 MHz, DMSO) 8 165.9, 164.5, 160.7, 150.4, 133.2,
131.8, 126.4,125.5,121.9, 121.8, 118.2, 112.3, 105.8, 56.3. HRMS (ESI) m/z: [M+H]" Calcd
for C14H12NO3" 242.0817; Found 242.0812.

(@)
Br o NO CO (balloon) NH
@: \© Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) 0
OMe NMP, 140 °C, 18 h
OMe
1d 2d, 77%
4-Methoxydibenzo[b,f][1,4]oxazepin-11(10H)-one (2d).

Following the general procedure B, the title compound was prepared from 1d (1 equiv, 0.25
mmol, 81 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14 mg), and Bphen (0.25 equiv, 0.0625
mmol, 21 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (47 mg, 77%). 'TH NMR (400 MHz, DMSO) § 10.55 (s, 1H), 7.29 (m, 2H),
7.22 (d, J = 3.2 Hz, 1H), 7.20 — 7.08 (m, 4H), 3.76 (s, 3H). 3C NMR (101 MHz, DMSO) §
166.1, 156.7, 153.1, 151.3, 131.6, 126.8, 126.3 125.8, 122.2, 122.1, 121.6, 120.9, 114.9, 56.1.
HRMS (ESI) m/z: [M+H]" Caled for C14H12NO3" 242.0817; Found 242.0822.

S26



0]

B N Me
" ' o O CO (balloon) NH
e\©/ \@\ Ni(dme)Cl, (30 mol %), Bphen (L5, 30 mol %) /O/OMe
OMe Mn (4 equiv), TMSCI (3 equiv) (0]
NMP, 140 °C, 18 h
1e 2e, 69%

8-Methoxy-4-methyldibenzo|[b,f][1,4]oxazepin-11(10H)-one (2e).

Following the general procedure B, the title compound was prepared from 1e (1 equiv, 0.25
mmol, 85 mg), Ni(dme)Clz (0.3 equiv, 0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750
mmol, 25 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a yellow
amorphous solid (44 mg, 69%). TH NMR (400 MHz, DMSO) 6 10.30 (s, 1H), 7.39 (t,J = 7.9
Hz, 1H), 7.18 (d, J= 8.0 Hz, 1H), 7.13 (d, /= 7.6 Hz, 1H), 7.02 (d, /= 8.8 Hz, 1H), 6.95 (d, J
= 2.8 Hz, 1H), 6.75 (dd, J = 8.8, 2.8 Hz, 1H), 3.73 (s, 3H), 2.40 (s, 3H). *C NMR (101 MHz,
DMSO) 6 166.4, 160.5, 157.4, 153.3, 141.0, 132.3, 128.8, 126.1, 124.7, 122.9, 118.6, 112.0,
106.9, 56.1,20.8. HRMS (ESI) m/z: [M+H]" Calcd for C1sH14NO3" 256.0974; Found 256.0971.

0]

e Br o NO- CO (balloon) Me? \%NH
Ni(dme)Cl, (30 mol %), Bphen (L5, 30 mol %)‘
[ jMeeI 5 Mn (4 equiv), TMSCI (3 equiv) O/D
NMP, 140 °C, 18 h M
e
1f 2f, 60%

1,6-Dimethyldibenzo[b,f][1,4]oxazepin-11(10H)-one (2f).

Following the general procedure B, the title compound was prepared from 1f (1 equiv, 0.25
mmol, 81 mg), Ni(dme)Cl2 (0.3 equiv, 0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750
mmol, 25 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a yellow
amorphous solid (42 mg, 60%). "TH NMR (400 MHz, DMSO) & 10.47 (s, 1H), 7.40 (t, J= 7.8
Hz, 1H), 7.23 (d, J= 8.1 Hz, 1H), 7.14 (d, /= 7.5 Hz, 1H), 7.09 — 6.96 (m, 2H), 6.94 (dd, J =
7.5,2.1 Hz, 1H), 2.43 (s, 3H), 2.41 (s, 3H). C NMR (101 MHz, DMSO0) 6 166.7, 160.5, 150.5,
141.2, 132.4, 131.8, 130.5, 128.6, 126.9, 126.3, 125.6, 119.9, 118.8, 20.8, 16.4. HRMS (ESI)
m/z: [M+H]" Calcd for C1sH1aNO2" 240.1025; Found 240.1024.
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0O

B NO
' o 2 CO (balloon) NH
@: Ni(dme)Cl, (30 mol %), Bphen (L5, 30 mol %) /@
Me Mn (4 equiv), TMSCI (3 equiv) o)
19 Me

NMP, 160 °C, 18 h Me Me
2g, 80%

4,8-Dimethyldibenzo|b,f][1,4]oxazepin-11(10H)-one (2g).

Following the general procedure B, the title compound was prepared from 1g (1 equiv, 0.25
mmol, 81 mg), Ni(dme)Cl2 (0.3 equiv, 0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750
mmol, 25 mg) at 160 °C using PE/EtOAc (10:1) as an eluent to afford the title compound as a
white amorphous solid (48 mg, 80%). "TH NMR (400 MHz, DMSO) § 10.42 (s, 1H), 7.56 (d,
J=7.8Hz, 1H), 7.48 (d, J= 8.1 Hz, 1H), 7.22 — 7.13 (m, 2H), 7.07 — 6.94 (m, 2H), 2.48 (s,
3H), 2.27 (s, 3H). 13C NMR (101 MHz, DMSO) § 166.6, 157.4, 150.7, 135.5, 135.3, 129.9,
129.5,129.3,126.8, 126.5, 125.30, 122.4, 121.8, 20.6, 16.4. HRMS (ESI) m/z: [M+Na]" Calcd
for C1sH13NO2Na" 262.0844; Found 262.0852.

O
B NO
r o 2 CO (balloon) NH
/©/ \©\ Ni(dme)Cl, (30 mol %), Bphen (L5, 30 mol %) Me /®/OMe
Me OMe Mn (4 equiv), TMSCI (3 equiv) (o)

NMP, 160 °C, 18 h
1h 2h, 87%

8-Methoxy-2-methyldibenzo|b,f][1,4]oxazepin-11(10H)-one (2h).

Following the general procedure B, the title compound was prepared from 1h (1 equiv, 0.25
mmol, 85 mg), Ni(dme)Cl2 (0.3 equiv, 0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750
mmol, 25 mg) at 160 °C using PE/EtOAc (10:1) as an eluent to afford the title compound as a
white amorphous solid (56 mg, 87%). TH NMR (400 MHz, DMSO) & 10.41 (s, 1H), 7.55 (d,
J=2.3Hz, 1H), 7.39 (dd, J= 8.2, 2.3 Hz, 1H), 7.20 (t, J = 8.5 Hz, 2H), 6.73 — 6.64 (m, 2H),
3.70 (s, 3H), 2.30 (s, 3H). 13C NMR (101 MHz, DMSO) & 166.5, 157.6, 157.1, 144.8, 135.3,
135.0, 132.3, 131.8, 125.7, 122.1, 120.7, 110.4, 107.1, 56.0, 20.6. HRMS (ESI) m/z: [M+H]"
Calcd for Ci1sH14NO3" 256.0974; Found 256.0977.
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Br NO2 0

o OMe CO (balloon) Ny OMe
Ni(dme)Cl, (15 mol %), Bphen (L5, 15mol %)  Me
Me Mn (4 equiv), TMSCI (3 equiv) 0

. NMP, 140 °C, 18 h
1i 2i, 46%

9-Methoxy-2-methyldibenzo|b,f][1,4]oxazepin-11(10H)-one (2i).

Following the general procedure B, 1i (1 equiv, 0.25 mmol, 85 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a white amorphous solid (30 mg, 46%). 'TH NMR
(400 MHz, DMSO) 6 9.52 (s, 1H), 7.53 (d,J=2.3 Hz, 1H), 7.39 (dd, /= 8.3, 2.4 Hz, 1H), 7.21
(d, J=8.2 Hz, 1H), 7.11 (t, J = 8.3 Hz, 1H), 6.93 — 6.89 (m, 2H), 3.82 (s, 3H), 2.30 (s, 3H).
BCNMR (101 MHz, DMSO) 6 166.0, 157.7,152.9, 151.6, 135.3, 135.1, 131.7, 125.93, 125.90,
120.8, 120.6, 113.4, 109.0, 56.7, 20.6. HRMS (ESI) m/z: [M+H]" Calcd for Ci1sH14sNO3"
256.0974; Found 256.0977.

0]

Br o NO, CO (balloon) NH
/©/ \© Ni(dme)Cl, (30 mol %), Bphen (L5, 30 mol %) H2N /@
H.N Mn (4 equiv), TMSCI (3 equiv) (6)
2 NMP, 140 °C, 18 h
1j 2j, 65%

2-Aminodibenzo[b.f][1,4]oxazepin-11(10H)-one (2j).

Following the general procedure B, 1j (1 equiv, 0.25 mmol, 78 mg), Ni(dme)Cl2 (0.3 equiv,
0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750 mmol, 25 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a brown amorphous solid (37 mg, 65%). 'H NMR
(400 MHz, DMSO) 6 10.32 (s, 1H), 7.25 — 7.20 (m, 1H), 7.19 — 7.04 (m, 3H), 6.99 (d, /= 8.6
Hz, 1H), 6.93 (d, J= 2.9 Hz, 1H), 6.73 (dd, J = 8.6, 3.0 Hz, 1H), 5.22 (s, 2H). 3C NMR (101
MHz, DMSO) 6 166.8, 151.7, 149.8, 146.6, 131.9, 126.2, 125.8, 125.5, 121.9, 121.4, 121.3,
119.5, 115.0. HRMS (ESI) m/z: [M+H]" Caled for C13H11N202" 227.0821; Found 227.0819.

)

Br NO,
/©/o CO (balloon) Ve dNH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /Q
Me Mn (4 equiv), TMSCI (3 equiv) o cl
Cl NMP, 140 °C, 18 h
1k 2k, 65%
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7-Chloro-2-methyldibenzo[b,f][1,4]oxazepin-11(10H)-one (2Kk).

Following the general procedure B, 1k (1 equiv, 0.25 mmol, 86 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a yellow amorphous solid (42 mg, 65%). 'H NMR
(400 MHz, DMSO) 6 10.59 (s, 1H), 7.57 (d, J=2.3 Hz, 1H), 7.48 (d, J=2.4 Hz, 1H), 7.43 (dd,
J=82,24Hz, 1H), 7.28 — 7.24 (m, 2H), 7.17 (d, J = 8.6 Hz, 1H), 2.31 (s, 3H). *C NMR
(101 MHz, DMSO) 6 166.0, 156.8, 151.3, 135.6, 135.5, 131.8, 131.0, 128.8, 126.4, 125.5,
123.1, 121.9, 120.9, 20.6. HRMS (ESI) m/z: [M+H]" Caled for Ci4H11NO2CI" 260.0478;
Found 260.0481.

Br NO, 0]
o) CO (balloon) NH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) Me /@/F
Me Mn (4 equiv), TMSCI (3 equiv) (0]
F NMP, 140 °C, 18 h
11 21, 75%

8-Fluoro-2-methyldibenzo|b,f][1,4]oxazepin-11(10H)-one (21).

Following the general procedure B, 11 (1 equiv, 0.25 mmol, 82 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a white amorphous solid (46 mg, 75%). 'TH NMR
(400 MHz, DMSO) 6 10.58 (s, 1H), 7.57 (s, 1H), 7.42 (d, J= 8.3 Hz, 1H), 7.37 - 7.33 (m, 1H),
7.23 (d, J = 8.2 Hz, 1H), 7.01 — 6.93 (m, 2H), 2.31 (s, 3H). 3C NMR (101 MHz, DMSO) §
166.2, 159.4 (d, Jc.r =241.0 Hz), 157.1, 147.2, 135.5, 135.4, 133.1 (d, Jcr=11.2 Hz), 131.8,
125.5,123.0(d, Jc.r=9.9 Hz), 120.8, 111.8 (d, Jc.r = 23.4 Hz), 108.5 (d, Jc-r = 26.4 Hz), 20.6.
19F NMR (376 MHz, DMSO) 6 -116.62. HRMS (ESI) m/z: [M+H]" Calcd for C14H11NO2F*
244.0774; Found 244.0774.

Br N02 O
o) CO (balloon) NH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) Me /O/CF3
Me Mn (4 equiv), TMSCI (3 equiv) (0]
CF, NMP, 140 °C, 18 h
1m 2m, 32%
2-Methyl-8-(trifluoromethyl)dibenzo|b,f][1,4]oxazepin-11(10H)-one (2m).
Following the general procedure B, Im (1 equiv, 0.25 mmol, 94 mg) using PE/EtOAc (10:1)

as an eluent to afford the title compound as a white amorphous solid (23 mg, 32%). "TH NMR
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(400 MHz, DMSO) § 10.70 (s, 1H), 7.60 (d, J = 2.3 Hz, 1H), 7.57 — 7.50 (m, 3H), 7.45 (dd, J
= 8.3, 2.4 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 2.32 (s, 3H). 3C NMR (101 MHz, DMSO) &
166.0, 156.5, 153.4, 135.71, 135.68, 132.7, 131.9, 127.0 (q, Jor= 32.4 Hz), 125.2, 124.1 (q,
Jor = 270.4 Hz), 123.0, 122.6 (q, Jor = 4.2 Hz), 121.0, 118.93(q, Jor = 3.6 Hz), 20.57. °F
NMR (376 MHz, DMSO) & -60.83. HRMS (ESI) m/z: [M+H]" Calcd for CisHiNOsFs*
294.0742; Found 294.0740.

Br NO, o}

0 CO (balloon) NH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) Me Q/CN
Me Mn (4 equiv), TMSCI (3 equiv) (0]
CN NMP, 140 °C, 18 h
in 2n, 83%

2-Methyl-11-0x0-10,11-dihydrodibenzo[b,f][1,4]oxazepine-8-carbonitrile (2n).

Following the general procedure B, 1n (1 equiv, 0.25 mmol, 84 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a yellow amorphous solid (52 mg, 83%). 'H NMR
(400 MHz, DMSO) 6 10.69 (s, 1H), 7.63 (dd, J = 8.3, 2.0 Hz, 1H), 7.58 (d, J = 2.3 Hz, 1H),
7.55—-7.49 (m, 2H), 7.44 (dd, J= 8.3, 2.3 Hz, 1H), 7.27 (d, J = 8.3 Hz, 1H), 2.31 (s, 3H). ¥C
NMR (101 MHz, DMSO0) 6 165.9, 156.3,154.2, 135.9, 135.8, 133.0, 131.9, 130.0, 125.7, 125.1,
123.4,121.05, 118.4, 109.1, 20.6. HRMS (ESI) m/z: [M+H]" Calcd for C1sH11N202"251.0821;
Found 251.0818.

OCF,

Br NO, o)
(o] CO (balloon) NH
. Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %)  Me
Me OCFs Mn (4 equiv), TMSCI (3 equiv) o)
o e}
10

NMP, 140 °C, 18 h
20, 40%

2-Methyl-7-((4-methylbenzyl)oxy)dibenzo[b,f][1,4]oxazepin-11(10H)-one (20).

Following the general procedure B, 10 (1 equiv, 0.25 mmol, 125 mg) using PE/EtOAc (10:1)
as an eluent to afford the title compound as a yellow amorphous solid (35 mg, 40%). "TH NMR
(400 MHz, DMSO) 6 10.44 (s, 1H), 7.57 = 7.53 (m, 3H), 7.40 — 7.37 (m, 3H), 7.24 - 7.17 (m,
2H), 6.81 — 6.74 (m, 2H), 5.08 (s, 2H), 2.29 (s, 3H). *C NMR (101 MHz, DMSO) & 166.4,
157.5,156.0, 148.4, 145.0, 136.8, 135.3, 135.0, 132.4, 131.8, 130.0, 125.7, 122.2, 121.5, 120.7,

S31



120.5 (q, Jor = 254.8 Hz), 111.1, 108.2, 69.2, 20.6. '°F NMR (376 MHz, DMSO) & -56.80.
HRMS (ESI) m/z: [M+H]" Caled for C22H17NO4F3* 416.1110; Found 416.1112.

/5/0\52 CO (balloon) Q NH
Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) Me d =
v LD N P 0% e OQOP
1p 2p, 64%
7-(Furan-2-ylmethoxy)-2-methyldibenzo[b,f][1,4]oxazepin-11(10H)-one (2p).
Following the general procedure B, the title compound was prepared from 1p (1 equiv, 0.25
mmol, 102 mg), Ni(dme)Cl2(0.25 equiv, 0.0625 mmol, 14 mg), and Bphen (0.25 equiv, 0.0625
mmol, 21 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (51 mg, 64%). "TH NMR (400 MHz, DMSO) & 10.42 (s, 1H), 7.68 (d, J=1.8
Hz, 1H), 7.55 (d, J = 2.3 Hz, 1H), 7.39 (dd, J = 8.2, 2.4 Hz, 1H), 7.23 — 7.18 (m, 2H), 6.79 —
6.76 (m, 1H), 6.58 (d, J = 3.3 Hz, 1H), 6.46 — 6.45 (m, 1H), 4.99 (s, 2H), 2.30 (s, 3H). 13C
NMR (101 MHz, DMSO) 6 166.4, 157.5,155.7,150.2, 145.1, 144.1, 135.3, 135.0, 132.3, 131.8,
125.7, 122.1, 120.7, 111.23, 111.15, 111.12, 108.3, 62.4, 20.6. HRMS (ESI) m/z: [M+H]"

Calcd for C1oH16NO4" 322.1078; Found 322.1083.

Br N02 (@)
O CO (balloon) NH —
Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) Me S __
Me S N Mn (4 equiv), TMSCI (3 equiv) (@)
(0] = NMP, 150 °C, 18 h o
1q 2q, 60%

2-Methyl-7-(thiophen-2-ylmethoxy)dibenzo[b,f][1,4]oxazepin-11(10H)-one (2q).

Following the general procedure B, the title compound was prepared from the title compound
was prepared from 1q (1 equiv, 0.25 mmol, 106 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol,
14 mg), and Bphen (0.25 equiv, 0.0625 mmol, 21 mg) at 150 °C using PE/EtOAc (10:1) as an
eluent to afford the title compound as a white amorphous solid (51 mg, 60%). "TH NMR (400
MHz, DMSO) & 10.43 (s, 1H), 7.56 — 7.53 (m, 2H), 7.39 (dd, /= 8.3, 2.3 Hz, 1H), 7.24 - 7.18
(m, 3H), 7.03 — 7.01 (m, 1H), 6.80 — 6.77 (m, 2H), 5.23 (s, 2H), 2.30 (s, 3H). 13C NMR (101
MHz, DMSO) 6 166.5, 157.5, 155.6, 145.1, 139.3, 135.3, 135.0, 132.3, 131.8, 128.2, 127.4,
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127.3, 125.7, 122.2, 120.7, 111.3, 108.4, 65.1, 20.6. HRMS (ESI) m/z: [M+H]" Calcd for
C19H16NO3S™ 338.0815; Found 338.0853.

Br NO, o

e} CO (balloon) NH
O Ni(dme)Cl, (25 mol %), Bphen (L5, 25 mol %) O /@
Mn (4 equiv), TMSCI (3 equiv) (0)
NMP, 140 °C, 18 h O

1r

2r, 90%

Benzo[b]naphtho|2,1-f][1,4]oxazepin-7(8H)-one (2r).

Following the general procedure B, the title compound was prepared from 1r (1 equiv, 0.25
mmol, 87 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14 mg), and Bphen (0.25 equiv, 0.0625
mmol, 21 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (59 mg, 90%). 'TH NMR (400 MHz, DMSO) 8 10.63 (s, 1H), 8.48 (s, 1H),
8.09 (d, J = 8.2 Hz, 1H), 7.97 (d, J = 8.3 Hz, 1H), 7.88 (s, 1H), 7.66 — 7.62 (m, 1H), 7.56 —
7.52 (m, 1H), 7.44 —7.38 (m, 1H), 7.25 — 7.12 (m, 3H). 3C NMR (101 MHz, DMSO) 5 166.2,
156.0,150.7, 136.1, 133.5, 131.6, 130.5, 129.5, 129.2, 127.5, 126.7, 126.5, 126.1, 125.8, 122.1,
122.0, 117.3. HRMS (ESI) m/z: [M+H]" Calcd for C17H12NO2" 262.0868; Found 262.0864.

@)

Br S NO, CO (balloon) NH
@/ \@ Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) S
1s

NMP, 140 °C, 18 h
, 140°C, 18 2s, 70%

Dibenzo[b,f][1,4]thiazepin-11(10H)-one (2s).

Following the general procedure B, 1s (1 equiv, 0.25 mmol, 78 mg) using PE/EtOAc (10:1) as
an eluent to afford the title compound as a yellow amorphous solid (35 mg, 40%). 'H NMR
(400 MHz, DMSO) & 10.71 (s, 1H), 7.68 (d, J = 7.0 Hz, 1H), 7.57 -7.52 (m, 2H), 7.52 — 7.41
(m, 2H), 7.37 (t,J = 7.7 Hz, 1H), 7.23 (d, J= 7.9 Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H). 3C NMR
(101 MHz, DMSO) & 168.9, 140.4, 138.3, 136.8, 133.0, 132.5, 131.9, 131.8, 130.3, 129.4,
125.9, 123.7. HRMS (ESI) m/z: [M+H]" Calcd for C13H10NOS™ 228.0843; Found 228.0489.
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@)

Br NO
S 2 OMe CO (balloon) NH o PMe
©/ \©/ Ni({dme)Cl, (25 mol %), Bpen (L5, 25 mol %) /@
Mn (4 equiv), TMSCI (3 equiv) S

NMP, 150 °C, 18 h
1t 2t,67%

9-Methoxydibenzo[b,f][1,4]thiazepin-11(10H)-one (2t).

Following the general procedure B, the title compound was prepared from the title compound
was prepared from 1t (1 equiv, 0.25 mmol, 85 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14
mg), and Bphen (0.25 equiv, 0.0625 mmol, 21 mg) at 150 °C using PE/EtOAc (10:1) as an
eluent to afford the title compound as a white amorphous solid (43 mg, 67 %). 'H NMR (400
MHz, DMSO) & 9.83 (s, 1H), 7.66 (dd, J = 7.0, 2.2 Hz, 1H), 7.52 (dd, J = 7.1, 1.9 Hz, 1H),
7.49 —7.41 (m, 2H), 7.19 — 7.11 (m, 2H), 7.09 — 7.05 (m, 1H), 3.82 (s, 3H). *C NMR (101
MHz, DMSO) & 168.5, 152.8, 138.3, 137.2, 132.3, 132.0, 131.9, 131.6, 129.5, 128.9, 126.7,
124.3, 112.8, 56.5. HRMS (ESI) m/z: [M+H]" Caled for Ci1aH12NO2S"™ 258.0589; Found
258.0593.

)

Br N02
S CO (balloon) NH
©/ \©\ Ni(dme)Cl, (25 mol %), Bpen (L5, 25 mol %) /O/OMe
OMe Mn (4 equiv), TMSCI (3 equiv) S

NMP, 150 °C, 18 h
1u 2u, 60%

8-Methoxydibenzo[b,f][1,4]thiazepin-11(10H)-one (2u).

Following the general procedure B, the title compound was prepared from the title compound
was prepared from 1u (1 equiv, 0.25 mmol, 85 mg), Ni(dme)Cl2 (0.25 equiv, 0.0625 mmol, 14
mg), and Bphen (0.25 equiv, 0.0625 mmol, 21 mg) at 150 °C using PE/EtOAc (10:1) as an
eluent to afford the title compound as a white amorphous solid (39 mg, 60%). "TH NMR (400
MHz, DMSO) 6 10.51 (s, 1H), 7.67 (dd, J = 7.0, 2.2 Hz, 1H), 7.53 (dd, J= 7.5, 1.6 Hz, 1H),
7.50 — 7.42 (m, 2H), 7.17 — 7.09 (m, 2H), 6.94 (dd, J = 8.7, 2.9 Hz, 1H), 3.73 (s, 3H). 13C
NMR (101 MHz, DMSO) 6 168.7,156.9, 138.4, 136.7, 133.3, 132.3, 132.0, 131.7, 131.0, 129.5,
124.8,117.1,116.4, 56.1. HRMS (ESI) m/z: [M+H]" Calcd for C14aH12NO2S™ 258.0589; Found
258.0591.
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0)

Br Me NO, CO (balloon) NH
,{1 Ni(dme)Cl, (30 mol %), Bpen (L5, 30 mol %) R
Mn (4 equiv), TMSCI (3 equiv) N
NMP, 160 °C, 18 h I\I/Ie
1v 2v, 65%

5-Methyl-5,10-dihydro-11H-dibenzo|[b,e][1,4]diazepin-11-one (2v).

Following the general procedure B, the title compound was prepared from 1v (1 equiv, 0.25
mmol, 77 mg), Ni(dme)Cl2 (0.3 equiv, 0.0750 mmol, 17 mg), and Bphen (0.3 equiv, 0.0750
mmol, 25 mg) at 160 °C using PE/EtOAc (10:1) as an eluent to afford the title compound as a
yellow amorphous solid (37 mg, 65%). 'TH NMR (400 MHz, DMSO) & 10.21 (s, 1H), 7.63 (dd,
J=1.7,1.7Hz, 1H), 7.50 — 7.46 (m, 1H), 7.21 — 7.15 (m, 2H), 7.13 = 7.07 (m, 2H), 7.07 - 7.01
(m, 2H), 3.26 (s, 3H). *C NMR (101 MHz, DMSO) § 168.8, 153.4, 144.9, 133.2, 132.8, 131 .4,
127.4, 125.1, 124.3, 123.1, 121.8, 119.6, 118.0, 38.1. HRMS (ESI) m/z: [M+H]" Calcd for
C1sH13N20" 225.1028; Found 225.1027.

0
Br CO (balloon) NH
NO,

N Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /@

Mn (4 equiv), TMSCI (3 equiv) N
NMP, 140 °C, 18 h

1w 2w, 90%

11,12-Dihydrobenzo|2,3][1,4]diazepino[6,7,1-hi]indol-4(SH)-one (2w).

Following the general procedure B, 1w (1 equiv, 0.25 mmol, 80 mg) using PE/EtOAc (8:1) as
an eluent to afford the title compound as a yellow amorphous solid (53 mg, 90%). '"H NMR
(400 MHz, DMSO) 6 9.42 (s, 1H), 7.58 (dd, J = 8.0, 1.4 Hz, 1H), 7.22 (dd, J = 7.1, 1.3 Hz,
1H), 7.00 — 6.91 (m, 2H), 6.91 — 6.84 (m, 2H), 6.75 — 6.68 (m, 1H), 3.80 (t, / = 8.6 Hz, 2H),
3.04 (t, J = 8.5 Hz, 2H). 13C NMR (101 MHz, DMSO) & 167.3, 151.1, 138.2, 132.1, 130.4,
129.1, 125.0, 123.0, 122.2, 120.0, 116.4, 116.2, 116.1, 50.7, 27.13. HRMS (ESI) m/z: [M+H]"
Calcd for C1sH13N20" 237.1028; Found 237.1030.
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0)
CO (balloon) NH
NO,

N Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) - /@
X Mn (4 equiv), TMSCI (3 equiv) N
NMP, 140 °C, 18 h —
1x 2x, 85%

Br

Benzo[2,3][1,4]diazepino[6,7,1-hi]indol-4(SH)-one (2x).

Following the general procedure B, the title compound was prepared from 1x (1 equiv, 0.25
mmol, 80 mg) using PE/EtOAc (8:1) as an eluent to afford the title compound as a yellow
amorphous solid (50 mg, 90%). "TH NMR (400 MHz, DMSO) & 10.01 (s, 1H), 8.12 (d, J=3.5
Hz, 1H), 7.87 (dd, J = 7.6, 1.2 Hz, 1H), 7.78 (dd, J = 7.8, 1.2 Hz, 1H), 7.48 (dd, J=17.5, 2.0
Hz, 1H), 7.26 (dd, J = 7.5, 2.0 Hz, 1H), 7.22 — 7.04 (m, 3H), 6.87 (d, J = 3.5 Hz, 1H). 1*C
NMR (101 MHz, DMSO) 6 165.9, 137.7,131.3,131.1, 129.5, 127.4, 126.4, 126.2, 125.4, 123.0,
122.1,121.4,117.6, 107.0. HRMS (ESI) m/z: [M+H]" Calcd for C1sH11N20" 235.0871; Found
235.0876.

(i) 0.25 mmol scale:

@)

O Br NH
NO, CO (balloon) O /@
N Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) N
O Mn (4 equiv), TMSCI (3 equiv)

NMP, 140 °C, 18 h O

1y 2y, 75%

Benzo[2,3][1,4]diazepino[6,7,1-jk]carbazol-4(5H)-one (2y).

Following the general procedure B, the title compound was prepared from 1y (1 equiv, 0.25
mmol, 92 mg) using PE/EtOAc (8:1) as an eluent to afford the title compound as a purple
amorphous solid (53 mg, 75%). "TH NMR (400 MHz, DMSO) § 10.17 (s, 1H), 8.36 (dd, J =
7.7, 1.3 Hz, 1H), 8.29 (d, /= 7.5 Hz, 1H), 8.04 (dd, /= 7.7 Hz, 1.2 Hz, 1H), 7.92 (d, /= 8.2
Hz, 1H), 7.62 — 7.54 (m, 2H), 7.45 — 7.40 (m, 2H), 7.36 (dd, /= 8.0, 1.6 Hz, 1H), 7.25 (td, J =
7.6, 1.4 Hz, 1H), 7.17 (td, J= 7.7, 1.6 Hz, 1H). 13C NMR (101 MHz, DMSO) 6 167.2, 145.1,
139.9,133.5,131.2,129.7,127.3,126.7, 126.0, 125.8, 125.6, 125.1, 124.3,123.0, 122.4, 121.7,
121.0, 118.8, 115.6. HRMS (ESI) m/z: [M+H]" Calcd for CioH13N20" 285.1028; Found
285.1026.
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(ii) 3.5 mmol scale:

@)

oy .
NO, CO (balloon) O D
N Ni(dme)Cl, (60 mol %), L5 (60 mol %) N
O Mn (4 equiv), TMSCI (3 equiv)

NMP, 155 °C, 72 h O

1
3.5 mmol 2y, 86%

Benzo[2,3][1,4]diazepino[6,7,1-jk]carbazol-4(SH)-one (2y).

Following the general procedure B, the title compound was prepared from 1y (1 equiv, 3.5
mmol, 1.29 g), Ni(dme)Clz (2.1 mmol, 467 mg), Bphen (2.1 mmol, 705 mg), Mn (14 mmol,
769 mg), TMSCI (10.5 mmol, 1.33 mL), and NMP (30 mL) at 155 °C using a mixture of
PE/EtOAc (10:1) as eluents to afford the amide product as a purple amorphous solid (856 mg,
86%).

Synthesis of drug intermediates 2z, 2aa, and 2ab
o)

CO (balloon) NH
Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) Cl /@
Mn (4 equiv), TMSCI (3 equiv) o)

(o]
NMP, 140 °C, 18 h 22 69%

2-Chlorodibenzo[b,f][1,4]oxazepin-11(10H)-one (2z).

Following the general procedure B, the title compound was prepared from 1z (1 equiv, 0.25
mmol, 83 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (42 mg, 69%). 'TH NMR (400 MHz, DMSO) 6 10.65 (s, 1H), 7.79 (dd, J =
7.7, 1.8 Hz, 1H), 7.65 (td, /= 7.7, 1.8 Hz, 1H), 7.52 (d, /= 2.3 Hz, 1H), 7.41 — 7.33 (m, 2H),
7.28 (dd, J= 8.6, 2.4 Hz, 1H), 7.19 (d, J= 8.6 Hz, 1H). '3C NMR (101 MHz, DMSO) § 166.0,
158.9,151.1,135.1, 131.9,130.9, 128.8, 126.5, 126.3, 125.9, 123.2, 122.0, 121.2. HRMS (ESI)
m/z: [M+H]" Calcd for C13HoNO2CI" 246.0322; Found 246.0328.
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(@)

Br NO, CO (balloon) NH
0 Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) Cl
Mn (4 equiv), TMSCI (3 equiv) o)
Cl

NMP, 140 °C, 18 h
’ ’ 2aa, 48%

8-Chlorodibenzo[b,f][1,4]oxazepin-11(10H)-one (2aa).

Following the general procedure B, the title compound was prepared from 1aa (1 equiv, 0.25
mmol, 82 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (30 mg, 48%). "TH NMR (400 MHz, DMSO) & 10.62 (s, 1H), 7.78 (dd, J =
7.7, 1.8 Hz, 1H), 7.64 (td, /= 7.8, 1.8 Hz, 1H), 7.51 (d, /= 2.4 Hz, 1H), 7.40 — 7.31 (m, 2H),
7.28 (dd, J= 8.6, 2.4 Hz, 1H), 7.17 (d, J= 8.6 Hz, 1H). '3C NMR (101 MHz, DMSO) § 165.9,
158.9,151.2,135.1, 131.9,130.9, 128.8, 126.5, 126.3, 125.9, 123.2, 122.0, 121.2. HRMS (ESI)
m/z: [M+H]" Calcd for C13HoNO2C1" 246.0322; Found 246.0318.

(0)
B NO
' S 2 CO (balloon) NH ol
©/ \©\ Ni(dme)Cl, (15 mol %), Bphen (L5, 15 mol %) /@/
o Mn (4 equiv), TMSCI (3 equiv) S
1ab NMP, 140 °C, 18 h 2ab, 68%

8-Chlorodibenzo|[b,f][1,4]thiazepin-11(10H)-one (2ab).

Following the general procedure B, the title compound was prepared from 1ab (1 equiv, 0.25
mmol, 86 mg) using PE/EtOAc (10:1) as an eluent to afford the title compound as a white
amorphous solid (45 mg, 68%). "TH NMR (400 MHz, DMSO) & 10.79 (s, 1H), 7.69 (dd, J =
7.2, 1.9 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.56 — 7.44 (m, 3H), 7.29 (d, /= 2.3 Hz, 1H), 7.22
(dd, J = 8.3, 2.3 Hz, IH). ¥C NMR (101 MHz, DMSO) & 168.7, 141.8, 138.1, 136.1, 134.4,
132.8, 131.9, 130.9, 129.7, 128.2, 125.6, 123.1. HRMS (ESI) m/z: [M+H]" Calcd for
C13HoNOSCI" 262.0093; Found 262.0098.
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Chemical transformations of 2y:

S o) O Me
NH _ , N
(i) Lawesson's _ NH (ii) Mel (2 equiv)
reagent (1.2 equiv) O /@ NaH (2 equiv) O
N
toluene, 110 °C, 12 h N toluene, 110 °C, 12 h i
O 3,72% O 2y O 4, 70%
Molecular Weight: , ’
300.3790

(iii) LiAlH4 (3 equiv)
THF, 60 °C, 12 h

Me o)
N >\‘—‘Bu
(iv) : N (vil) N
O N/O 1) NaH (2 equiv) pivaloyl chloride (1.2 equiv)
DMF, 0°C, 30 min ;
EtzN (1.2 equiv) N
O 2) Mel (2 equiv), rt, 16 h N CH,Cly, 1t, 3 h
O 5, 90% O
6d, 85%
=

(i) Thiolation of amide group: Synthesis of benzo[2,3][1,4]diazepino[6,7,1-jk]carbazole-
4(5H)-thione (3).
3 was prepared according to the typical literature procedure.® To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with the 2y (1 equiv, 0.2 mmol, 57 mg),
Lawesson’s reagent (1.2 equiv, 0.24 mmol, 97 mg), and toluene (3 mL) under an air
atmosphere. The resulting reaction mixture was then stirred at 110 °C for 12 h. The crude
reaction residue was purified by column chromatography using PE/EtOAc (12:1) as an eluent
to afford the title compound 3 as yellow amorphous solid (43 mg, 72% yield). '"H NMR (400
MHz, DMSO) 6 12.23 (s, 1H), 8.33 — 8.29 (m, 2H), 8.25 (d, /= 7.7 Hz, 1H), 7.90 (d, J = 8.2
Hz, 1H), 7.63 — 7.53 (m, 1H), 7.45 — 7.35 (m, 4H), 7.27 — 7.20 (m, 2H). 13C NMR (101 MHz,
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DMSO) 6 198.8, 144.7, 140.3, 136.8, 133.8, 131.4, 127.49, 127.47, 126.5, 126.4, 126.3, 125.2,
125.1, 124.7, 123.6, 122.9, 121.8, 120.3, 116.4. HRMS (ESI) m/z: [M+H]" Calcd for
C19H13N2S" 301.0799; Found 301.0805.

(ii) N-methylation of amide group: Synthesis of S-methylbenzo[2,3][1,4]diazepino[6,7,1-
jk]carbazol-4(5H)-one (4).

4 was prepared according to the typical literature procedure.” To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with 2y (1 equiv, 0.2 mmol, 57 mg) and dried
THF (3 mL) under an air atmosphere. The reaction mixture was cooled at 0 °C, and NaH (60%
in oil, 2 equiv 0.4 mmol, 16 mg) was then slowly added. The resulting reaction mixture was
warmed to room temperature and was stirred for 30 min, after which time CHsI (2 equiv, 0.4
mmol, 25 uL) was added. The resulting mixture was further stirred at 40 °C for 8 hours. The
crude reaction residue was purified by column chromatography using PE/EtOAc (20:1) to
afford the title compound 4 (54 mg, 90% yield) as a white solid. '"H NMR (400 MHz, DMSO)
08.34 (dd, J=17.6,1.2 Hz, 1H), 8.29 (d, J= 7.7 Hz, 1H), 8.03 (dd, /= 7.7, 1.2 Hz, 1H), 7.93
(d, J= 8.2 Hz, 1H), 7.64 — 7.56 (m, 2H), 7.50 (dd, J = 8.2, 1.4 Hz, 1H), 7.47 — 7.40 (m, 2H),
7.40 —7.31 (m, 1H), 7.28 — 7.20 (m, 1H), 3.49 (s, 3H). 3C NMR (101 MHz, DMSO) § 167.3,
146.4, 140.3, 137.2, 135.2, 129.9, 127.5, 126.91, 126.88, 126.5, 126.0, 125.6, 124.9, 123.4,
122.8, 121.9, 120.2, 119.6, 116.1, 38.5. HRMS (ESI) m/z: [M+H]" Calcd for C20HisN20
299.1184; Found 299.1191.

(iii) Reduction of carbonyl group: Synthesis of 4,5-dihydrobenzo[2,3][1,4]diazepino[6,7,1-
jk]carbazole (5).

5 was prepared according to the typical literature procedure.® An oven-dried 10 mL Teflon
screw-capped Schlenk tube equipped with a Teflon-coated magnetic stir bar was sequentially
charged with 2y (1 equiv, 0.2 mmol, 57 mg), dried THF (2 mL), and LiAlH4 (3 equiv, 0.6 mmol,
32 mg) under air atmosphere. The resulting reaction mixture was then heated at 60 °C for 12
hours. The crude reaction residue was purified by column chromatography using PE/EtOAc
(10:1) to afford 5 (49 mg, 90 % yield) as a white solid. "H NMR (400 MHz, DMSO) § 8.24
(dd, J=17.8, 1.4 Hz, 1H), 8.08 (dd, /= 7.6, 1.4 Hz, 1H), 7.87 (d, J= 8.3 Hz, 1H), 7.77 (dd, J =
7.8,1.7Hz, 1H), 7.49 — 7.44 (m, 1H), 7.33 — 7.25 (m, 3H), 7.23 — 7.08 (m, 3H), 5.92 (t, /= 3.1

S40



Hz, 1H), 4.35 (d, J= 3.0 Hz, 2H). 3C NMR (101 MHz, DMSO) & 145.7, 139.5, 138.3, 131.7,
126.4,125.8,125.7,125.1, 124.6,123.9, 123.8, 123.4,122.5,121.2,121.0, 120.2, 118.7, 112.7,
52.5. HRMS (ESI) m/z: [M+H]" Calcd for C1oH1sN2" 271.1235; Found 271.1236.

(iv) N-methylation of amine group: Synthesis of 5-methyl-4,5-
dihydrobenzo[2,3][1,4]diazepino[6,7,1-jk]carbazole (6a).

6a was prepared according to the typical literature procedure.” To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with 5 (1 equiv, 0.2 mmol, 54 mg) and dried
DMF (3 mL) under an air atmosphere. The reaction mixture was cooled to 0 °C, and NaH (60%
in oil, 2 equiv 0.4 mmol, 16 mg) was then slowly added. The reaction mixture was stirred at
room temperature for 30 min. At this point, CH3I (2 equiv, 0.4 mmol, 25 L) was added, and
the resulting mixture was stirred at room temperature for 16 hours. The crude reaction residue
was purified by column chromatography using PE/EtOAc (10:1) to afford the title compound
6a (51 mg, 90 % yield) as a white solid. '"H NMR (400 MHz, DMSO) § 8.27 — 8.20 (m, 1H),
8.11 - 8.03 (m, 1H), 7.84 — 7.77 (m, 1H), 7.72 (dd, J = 8.0, 1.5 Hz, 1H), 7.52 — 7.39 (m, 2H),
7.36 — 7.25 (m, 2H), 7.25 — 7.15 (m, 3H), 4.27 (s, 2H), 3.00 (s, 3H). '3*C NMR (101 MHz,
DMSO) 6 147.4, 139.6, 138.2, 132.9, 126.5, 126.3, 125.1, 124.7, 124.4, 123.8, 123.7, 123.6,
121.3, 121.1, 120.4, 120.0, 118.9, 112.8, 60.7, 42.7. HRMS (ESI) m:z: [M+H]" Calcd for
C20H17N2" 285.1329; Found 285.1387.

) N-allylation of amine group: Synthesis of S-allyl-4,5-
dihydrobenzo[2,3][1,4]diazepino[6,7,1-jk]carbazole (6b).

6b was prepared according to the typical literature procedure.!® To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with 5 (1 equiv, 0.2 mmol, 54 mg), K2CO3 (2
equiv, 0.4 mmol, 56 mg), and MeCN (3 mL) under an argon atmosphere. The reaction mixture
was stirred for 30 min at room temperature, and 3-bromopropene (2 equiv, 0.4 mmol, 35uL)
was then added. The resulting reaction mixture was stirred at 80 °C for 12 h. The crude reaction
residue was purified by column chromatography using PE/EtOAc (20:1) to afford the desired
product 6b (56 mg, 90% yield) as a white solid. "H NMR (400 MHz, DMSO) 6 8.24 (dd, J =
7.8, 1.3 Hz, 1H), 8.07 (dd, /= 6.5, 2.5 Hz, 1H), 7.82 (d, /= 8.3 Hz, 1H), 7.74 (dd,J=7.9, 1.7
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Hz, 1H), 7.51 — 7.45 (m, 1H), 7.45 — 7.38 (m, 1H), 7.35 — 7.27 (m, 2H), 7.27 — 7.21 (m, 1H),
7.21 - 7.12 (m, 2H), 5.87 — 5.77 (m, 1H), 5.23 (dd, J= 17.3, 1.9 Hz, 1H), 5.14 (dd, J= 10.3,
1.8 Hz, 1H), 4.28 (s, 2H), 3.93 (d, J = 5.9 Hz, 2H). 3C NMR (101 MHz, DMSO) & 139.5,
138.4,136.1, 133.7, 131.6, 129.1, 126.5, 126.3, 125.0, 124.8, 124.2, 123.9, 123.7, 122.1, 121 4,
121.1, 120.5, 118.9, 118.4, 112.8, 57.7, 56.4. HRMS (ESI) m/z: [M+H]" Calcd for C22HioNa*
311.1548; Found 311.1550.

(vi)  N-propargylation of amine: Synthesis of  5-(prop-2-yn-1-yl)-4,5-
dihydrobenzo[2,3][1,4]diazepino[6,7,1-jk]carbazole (6¢).

6¢ was prepared according to the typical literature procedure.'® To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with the 5 (1 equiv, 0.2 mmol, 54 mg), K2COs3
(2 equiv, 0.4 mmol, 56 mg), MeCN (3 mL) under an argon atmosphere. The reaction mixture
was stirred for 30 min at room temperature, and propargyl bromide (2 equiv, 0.4 mmol, 32 uL)
was then added. The resulting reaction mixture was stirred at 80 °C for 12 h. The crude reaction
residue was purified by column chromatography using PE/EtOAc (20:1) to afford the desired
product 6¢ (52 mg, 85% yield) as a white solid. "H NMR (400 MHz, DMSO) § 8.24 (dd, J =
7.8, 1.2 Hz, 1H), 8.08 (dd, /= 7.3, 1.6 Hz, 1H), 7.81 (d, /= 8.4 Hz, 1H), 7.75 (dd,J=7.9, 1.6
Hz, 1H), 7.60 (dd, J = 8.0, 1.6 Hz, 1H), 7.50 — 7.45 (m, 1H), 7.36 — 7.28 (m, 2H), 7.28 — 7.17
(m, 3H), 4.39 (s, 2H), 4.16 (d, J = 2.5 Hz, 2H), 3.34 (s, IH). ¥*C NMR (101 MHz, DMSO) §
145.6,139.5,138.2,133.2,126.6, 126.2, 125.2,124.7,124.4, 124.1, 124.0, 123.7,121.4, 121.2,
121.1, 120.5, 119.0, 112.8, 81.1, 76.4, 57.9, 43.5. HRMS (ESI) m/z: [M+H]" Caled for
C22H17N2" 309.1392; Found 309.1397.

(vii) N-acylation of amine: Synthesis of 1-(benzo[2,3][1,4]diazepino[6,7,1-jk]carbazol-
5(4H)-yl)-2,2-dimethylpropan-1-one (6d).

An oven-dried 10 mL Schlenk tube equipped with a Teflon-coated magnetic stir bar was
sequentially charged with 5 (1 equiv, 0.2 mmol, 54 mg), CH2Cl2 (3 mL), EtsN (1.2 equiv, 0.24
mmol, 33 L), and pivaloyl chloride (1.2 equiv, 0.24 mmol, 30 L) under air atmosphere. The
resulting reaction mixture was stirred at room temperature for 3 h. The crude reaction residue

was purified by silica gel column chromatography PE/EtOAc (20:1) to afford the pure product
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6d as a purple solid (63 mg, 90%). "TH NMR (400 MHz, DMSO) & 8.25 (d, J = 7.7 Hz, 1H),
8.10 (d, J=7.6 Hz, 1H), 7.94 — 7.76 (m, 2H), 7.71 (dd, J = 7.8, 1.6 Hz, 1H), 7.57 (td, J=7.8,
1.6 Hz, 1H), 7.53 —7.49 (m, 1H), 7.44 (td, J=7.6, 1.4 Hz, 1H), 7.37 — 7.33 (m, 2H), 7.25 (t, J
= 7.5 Hz, 1H), 5.63 (d, J = 15.6 Hz, 1H), 4.28 (d, J = 15.5 Hz, 1H), 0.89 (s, 9H). *C NMR
(101 MHz, DMSO) 6 175.7, 139.0, 138.0, 137.0, 131.8, 129.9, 127.0, 126.6, 126.5, 125.2,
125.1, 124.6, 123.8,121.9,121.3,121.0, 119.4, 112.5, 53.5, 28.75. (The a-carbon signal of ‘Bu
group was not observed due to overlapping with the residual carbon signals of DMSO-ds.)

HRMS (ESI) m/z: [M+H]" Caled for C24H23N20" 355.1810; Found 355.1810.

Mechanistic study of Ni-catalyzed intramolecular aminocarbonylation

Synthesis of 1-bromo-2-(2-isocyanatophenoxy)benzene (7):

Br NH, Triphosgene (0.34 equiv) Br NCO

o) Et;N (0.4 equiv) o
argon atmosphere, CH,Cl,, rt, 12 h

10 7

7 was prepared according to the typical literature procedure.!’ To a 10 mL Schlenk tube
equipped with a magnetic stir bar was charged with triphosgene (0.34 equiv, 0.085 mmol, 26
mg) and CH2Clz (1 mL) under an argon atmosphere. Aniline 10 (1 equiv, 0.25 mmol, 66 mg)
in CH2Cl2 (1 mL) was then slowly added into the reaction mixture, followed by the dropwise
addition of triethylamine (0.4 equiv, 0.1 mmol, 14 xL) in CH2Cl2 (1 mL). The resulting mixture
was further stirred for 2 h. At this point, the reaction mixture was concentrated in vacuo with
the aid of a rotary evaporator and further dried in vacuo to obtain the crude 7 as a white
amorphous solid. The product was unstable and it was subjected to the reaction without further

purification.

Synthesis of 1,2-bis(2-(2-bromophenoxy)phenyl)diazene 1-oxide (8) and 1,2-bis(2-(2-
bromophenoxy)phenyl)diazene (9):
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o T

Br ®N-0
O MnO, (10 equiv) Br N g i
PhMe, 112°C, 12 h ©/o© @o@

10 8, 5% 9, 10%
The title compounds were prepared according to the literature procedure.'? In an oven-dried
250 mL pressure round-bottom flask equipped with a Teflon-coated magnetic stir bar was
charged with aniline 10 (1 equiv, 10 mmol, 2.64 g) and toluene (50 mL) under an air
atmosphere. Activated MnO2 (10 equiv, 100 mmol, 8.69 g) was then added, and the resulting
mixture was heated at 112 °C for 12 h. At this point, 10 was consumed as determined by TLC.
The reaction mixture was filtered through a pad of Celite and washed with toluene. The mixture
was further extracted with EtOAc (3 x 60 mL). The combined organic fraction was washed
with saturated NaCl (aq), dried with anhydrous Na2SOs, filtered, and concentrated in vacuo
with the aid of rotary evaporator. The residue was purified by column chromatography using

PE/EtOAc (20:1) as an eluent to afford 8 and 9.

Characterization of 1,2-Bis(2-(2-bromophenoxy)phenyl)diazene 1-oxide (8).

8 was obtained as an orange amorphous solid (270 mg, 5% yield). '"H NMR (400 MHz, CDCl3)
0 7.64 — 7.60 (m, 2H), 7.44 — 7.38 (m, 2H), 7.26 — 7.21 (m, 1H), 7.19 — 7.11 (m, 2H), 7.11 —
7.06 (m, 2H), 7.05 — 7.00 (m, 1H), 6.98 — 6.92 (m, 3H), 6.88 (dd, J = 8.1, 1.5 Hz, 1H), 6.84
(dd, J=8.2,1.5 Hz, 1H), 6.67 (dd, J= 8.1, 1.0 Hz, 1H). 3C NMR (101 MHz, CDCl3) § 155.6,
154.3,152.7, 146.7, 145.5, 143.8, 133.8, 133.6, 132.5, 128.8, 128.6, 125.5, 124.6, 124.3, 123.5,
121.0, 120.8, 119.8, 119.3, 117.8, 117.6, 115.0, 113.5. HRMS (ESI) m/z: [M+H]" Calcd for
C24H17N203Br2" 538.9606; Found 538.9597.

Characterization of 1,2-Bis(2-(2-bromophenoxy)phenyl)diazene (9):

9 was obtained as an as a red amorphous solid (524 mg, 10% yield). 'H NMR (400 MHz,
CDCl) 6 7.63 (dd, J=17.9, 1.7 Hz, 2H), 7.48 — 7.31 (m, 4H), 7.23 — 7.06 (m, 6H), 6.97 — 6.93
(m, 2H), 6.83 (dd, J = 8.2, 1.5 Hz, 2H). ¥3C NMR (101 MHz, CDCl3) 6 155.6, 154.3, 143.8,
133.6,132.5,128.6, 124.6,124.3,120.8,119.3,117.8, 113.5. HRMS (ESI) m/z: [M+H]" Calcd
for C24H17N202Br2" 522.9657; Found 522.9651.
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Synthesis of 2-(2-bromophenoxy)aniline (10):

Br NOZ Fe (3 equiv) Br NH2

O NH,CI (3 equiv) O
EtOH/H50, reflux, 12 h

1a 10, 99%

10 was prepared according to the typical literature procedure.'*> An oven-dried 300 mL round-
bottom flask equipped with a stir bar was sequentially charged with 1-bromo-2-(2-
nitrophenoxy)benzene (1 equiv, 45 mmol, 13.23 g), EtOH (50 mL), H20 (50 mL), Fe powder
(3 equiv, 135 mmol, 7.56 g), and NH4Cl (3 equiv, 135 mmol, 7.22 g). The resulting reaction
mixture was refluxed under air atmosphere for 12 h. At this point, the reaction was cooled
down to room temperature. The crude mixture was filtered through a pad of Celite and
concentrated in vacuo with the aid of rotary evaporator. The residue was further extracted with
EtOAc (3%x80 mL), and the combined organic fraction was washed with brine (200 mL), dried
over anhydrous MgSOQs, filtered, and concentrated in vacuo to afford the title compound as a
brown solid (12 g, 99%). '"H NMR (400 MHz, DMSO) & 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.35
(td,J=8.2,7.7, 1.5 Hz, 1H), 7.07 (td, J= 7.6, 1.5 Hz, 1H), 6.98 (td, /= 7.6, 1.5 Hz, 1H), 6.88
(dd, /= 8.0, 1.7 Hz, 1H), 6.81 (dd, J = 8.2, 1.5 Hz, 1H), 6.74 (dd, J = 8.0, 1.4 Hz, 1H), 6.59
(td, J= 7.6, 1.7 Hz, 1H), 4.98 (s, 2H). 13C NMR (101 MHz, DMSO) § 154.3, 142.0, 140.5,
133.9, 129.6, 125.7, 124.7, 120.0, 118.2, 116.9, 116.4, 112.9.

Synthesis of 2-(2-nitrophenoxy)benzoyl chloride (12):

C(0)OMe NO, | C(0)OMe NO,
OH F K>CO3 (2 equiv) e)
+
Step 1 DMF, 100 °C, 12 h
90%
C(O)OMe NO, C(O)OH NO,
(0] LiOH (4 equiv) (o)
Step 2
P THF, 60 °C, 2h
93%
C(O)OH NO, (COCI), (2 equiv) CO)CI  NO,
Ston 3 o DMF (10 mol%) o
ep
P CH,Cly, rt, 4 h
12
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Steps 1, 2, 3 were performed according to the literature procedures.»!*!

Step 1: The title compound were prepared according to the literature procedure.! Following
the general procedure A, the title compound was prepared using methyl 2-hydroxybenzoate (1
equiv, 20 mmol, 2.74 mL), 1-fluoro-2-nitrobenzene (1 equiv, 20 mmol, 2.12 mL), K2CO3 (2
equiv, 40 mmol, 5.53 g), and DMF (40 mL). The crude residue was recrystallized with CH2Cl2
and petroleum ether to afford methyl 2-(2-nitrophenoxy)benzoate as a yellow solid (5.00 g,
90 %).

Step 2: Methyl 2-(2-nitrophenoxy)benzoate (from step 1, 1 equiv, 5 mmol, 1.38 g) was
dissolved in THF (10 mL), and LiOH (aq, 2 M, 5 equiv, 25 mmol, 12.5 mL) was then added.
The resulting mixture was stirred at 60 °C for 2 hours. At this point, the reaction mixture was
cooled to room temperature. The reaction mixture was concentrated in vacuo and was then
acidified with HCI (2 M) until ~pH 2 was obtained. The precipitate was filtered, washed with
diluted NaOH (aqg, ~0.1 M), and dried in vacuo to obtain 2-(2-nitrophenoxy)benzoic acid (1.2
g, 93%).

Step 3: An oven-dried 100 mL round-bottom flask equipped with a stir bar was sequentially
charged with 2-(2-nitrophenoxy)benzoic acid (from step 2, 1 equiv, 2 mmol, 0.55 g), dry
CH2Cl2 (10 mL), and a catalytic amount of DMF (~15 uL). The reaction mixture was cooled
to 0 °C and stirred for 5 min. (COCI)2 (2 equiv, 4 mmol, 0.34 mL) was then added dropwise
into the reaction mixture, and the resulting mixture was further stirred at room temperature for
4 h. The reaction mixture was concentrated in vacuo to afford 12 quantitatively. 12 was used

directly for study according to the general procedure B without further purification.

Probing the radical mechanism using TEMPO or BHT:

(@)
Br NO, NH NH;
0 standard conditions (0]
TEMPO / BHT o * ©/
yield of 2a 13
1a (i) TEMPO (2 equiv) 0% 0%
(i) BHT (1 equiv) 41% 10%

The reactions were set up according to the the general procedure B, except that TEMPO (2
equiv, 0.5 mmol, 78 mg) and BHT (1 equiv, 0.25 mmol, 55 mg) were added respectively. In
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the reaction with BHT, 2-phenoxyaniline (13) was also isolated as the co-product (4.6 mg,
10%), the yield of 2a decreased from 82% to 41%. In the reaction with TEMPO, the reaction

was quenched, product 2a and co-product 13 were not detected.

Characterization of 2-phenoxyaniline (13):

'TH NMR (400 MHz, DMSO) & 7.33 (t, J = 7.7 Hz, 2H), 7.05 (t, J = 7.4 Hz, 1H), 6.96 (d, J =
7.9 Hz, 3H), 6.91 (d, /= 7.8 Hz, 1H), 6.84 (d, /= 7.9 Hz, 1H), 6.60 (t, J= 7.6 Hz, 1H), 4.94
(s,2H). BC NMR (101 MHz, DMSO) 6 158.1, 142.0, 141.1, 130.1, 125.6, 122.7, 121.0, 117.1,
117.0, 116.4. HRMS (ESI) m/z: [M+H]" Calcd for C12H12NO™ 186.0919; Found 186.0925.

Reactivity study of (L5)Ni'Br (14):

(i) Synthesis of (L5)Ni'"Br,:

Ph Ph Ph Ph
NBr, + ¢ N_¢ N\ EtOH /7 N\_/ N\
=N N= rt, 6 h =N_ _N=
Ni
(1 equiv) (1 equiv) Br’ Br

The title compound was prepared according to the literature procedure.'® An oven-dried 200
mL round-bottom flask equipped with a stir bar was charged with Bphen (L5, 1 equiv, 20 mmol,
6.65 g) and EtOH (20 mL). A solution of NiBr2 (1 equiv, 20 mmol, 4.37 g) in EtOH (30 mL)
was then added, and the resulting mixture was stirred at room temperature for 6 h. The pale
green precipitate was filtered, washed with EtOH (3 x 30 mL), and dried in vacuo to afford
(L5)NiBr; as a pale green solid (8.8 g, 80%). HRMS (ESI) m/z: [M+H]" Calcd for
C24H17BraN2Ni™ 548.9112; Found 548.9113.

(ii) In-situ reduction of (LS)Ni""Br; to (L5)Ni'Br (14):

Ph Ph Ph Ph
7 N\ \ Zn (2 equiv) /7 N N
_N\Ni”N DMA (2 ml), 50 °C, 30 min —N\Ni"N_
S |

Br Br Br
deep green deep blue
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(L5)Ni'Br was formed in situ according to the analogous procedure.!” An oven-dried 10 mL
Schlenk tube equipped with a stir bar was charged with (LS)NiBr2 (from step (i), 1 equiv, 0.2
mmol, 110 mg), Zn (2 equiv, 0.4 mmol, 26 mg) and DMA (2 mL) under argon atmosphere.
The resulting mixture was stirred at 50 °C for 30 min, at which time the color of the reaction
mixture changed from deep green to deep blue. The deep blue color indicated the conversion
of (L5)Ni'Br; to (LS)Ni'Br (14), in line with the color change of analogous Ni complexes.'’

The tube containing the in-situ formed 14 was used directly for the reaction study according to

the general procedure B.

(iii) Probing (L5)Ni'Br (14) as viable species:

Probing Ni(l) as viable species Ph Ph

7 N N\

Br NO, Ni' NH
(0] Br (14, 1 equiv), L5 (1 equiv)
+ CO .
Mn, TMSCI (3 equiv) O/©
1a

NMP, 140°C, 18 h

yield of 2a
(i) Mn (3 equiv) 32%
(i) Mn (4 equiv) 42%

The in situ formed Ni'(L5)Br (14, from step (ii)) was used directly for reactivity study based
on the general procedure B. In the presence of Mn (3 equiv, 0.75 mmol, 41 mg), the yield of
2a was 32%. In the presence of Mn (4 equiv, 1.00 mmol, 55 mg), the yield of 2a was 42%.

S48



References:

(1

2)

3)

(4)

©)

(6)

(7)

®)

)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
(17)

T. Bzeih, D. Lamaa, G. Frison, A. Hachem, N. Jaber, J. Bignon, P. Retailleau, M. Alami,
and A. Hamze, Org Lett., 2017, 19, 6700-6703.

M. N. Alam, S. R. Dash, A. Mukherjee, S. Pandole, U. K. Marelli, K. Vanka, and P.
Maity, Org Lett., 2021, 23, 890-895.

J. Kaur, Asian J. Chem., 2017, 29, 2091-2094.

K. Baba, M. Tobisu, and N. Chatani, Org Lett., 2015, 17, 70-73.

R. Rubio-Presa, M. A. R. Pedrosa, M. A. Fernandez-Rodriguez, F. J. Arnaiz, and R.
Sanz, Org Lett., 2017, 19, 5470-5473.

E. J. Warawa, B. M. Migler, C. J. Ohnmacht, A. L. Needles, G. C. Gatos, F. M.
McLaren, C. L. Nelson, and K. M. Kirkland, J. Med. Chem., 2001, 44, 372-389.

S. Liu, Y. Hu, P. Qian, Y. Hu, G. Ao, S. Chen, S. Zhang, and Y. Zhang, Tetrahedron
Lett., 2015, 56, 2211-2213.

N. Yadav, T. Khanam, A. Shukla, N. Rai, K. Hajela, and R. Ramachandran, Org.
Biomol. Chem., 2015, 13, 5475-5487.

S. M. Lynch, L. Tafesse, K. Carlin, P. Ghatak, and D. J. Kyle, Bioorg. Med. Chem. Lett.,
2015, 25, 43-47.

L. Cai, Y. L. Pan, L. Chen, J. P. Cheng, and X. Li, Chem Commun., 2020, 56, 12383
12386.

D. Liu, Z. Tian, Z. Yan, L. Wu, Y. Ma, Q. Wang, W. Liu, H. Zhou, and C. Yang, Bioorg.
Med. Chem., 2013, 21, 2960-2967.

U. K. Das, S. Kar, Y. Ben-David, Y. Diskin-Posner, and D. Milstein, Adv. Synth. Catal.,
2021, 363, 3744-3749.

K. Baba, M. Tobisu, and N. Chatani, Org. Lett., 2015, 17, 70-73.

L. K. Ottesen, F. Ek, and R. Olsson, Org. Lett., 2006, 8, 1771-1773.

M. E. Hoque, M. M. M. Hassan, and B. Chattopadhyay, J. Am. Chem. Soc., 2021, 143,
5022-5037.

J. Das, M. Vellakkaran, and D. Banerjee, J Org Chem., 2019, 84, 769-779.

Q. Lin and T. Diao, J. Am. Chem. Soc., 2019, 141, 17937-17948.

S49



NMR spectra

€5£9'9
19589
0LE0°L
L0Y0'L
1EV0°L
TLSO'L
2090°L
6690'L
LL60°L
1560°L
poLL'L
9621'L
9EEL'L
1181
6202'L
vETTL
5922 L
109Z'L
vr0g' L
§2LEL
612E'L
2UVEL
V69Y'L
1E17'L
1181
80612/
8r6v'L
8805
LELGL
8079'L
SrYo'L
S8Yo'L
£099'L
€799/ ]
€899,

GL96'L
LVI6'L
2616,
8166,
8566'L
izooo's

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1a

£1000 nmmh.mm/
€100 mmﬁo.mmx\\
€1000 L68E'LL

S0ZZSLLN
AN
BIZELTIN
p08z eI~
51965z L—
tearez 1/
LrB0'6T)

ceLzvel

avee Vel

ggogort”

78705 L~
SlThesL—

T
20

T
210

£1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1a

S50



€2000-—

FZla-1.3.fid

NO.

sae

Arl (1a-)

_wwfo.v
90'¢C
80l

00}
oL

00'L
€0k

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1a-I

00LL19L~
mmmo.t.w
080¥"'LL

£€8€6'88—

0925641

mvmﬁ.oNﬁV
soerect—
Nmnm.mmfﬂ
c9eLocl Vi
6190°0¢) a
188€'vEl

cS6C 0Vl
ommh.oi\

6€2L0G1—
L6Y0'GS1—

NO.

Pl
O

Arl (1a-))

T
130

T T T
190 180 170

T
200

T
210

£1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 1a-I

S51



OCH 00Z9'L —

FZlaa. 1.fid

11289
171891
1268'9
1568'9
1976'0
8.96'01
9827 L1
L1ET L
€L7T L
L1677 L
6157 L7
NNQNNJW
1027 1
s9sz 1
8287 L~
867 L
9V0E'L
8105 L
0215
mmNoNLﬁ
0825 L]
00€5 L}
0££5'L
vamﬁg
G166,
mmw@NA
8159/
06.6'L ]
2£86'L1
7666L ]
9€00'8

Cl

NO,

Br

©/o

1aa

S0t
S0°'L
Fsiz
80°'L
Woo.f

etk

f1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 1aa

€10002Y6L 9L
€10a0 NNSNNW
€1000 L62v'LL

€81GSLLA
98V 611~
SIS hTIN
BSL8ETL~
5600971 —
2660621
2E9BOEL
v8oEE |

068Y'vE |

reesorl”

180L°6Y L~
612151

NO,
c

Br
o8

1aa

T T T T T
150 140 130 120 100 90
1 (ppm)

T
160

T T T
200 190 180 170

T
210

C NMR spectra (101 MHz, Chloroform-d) of 1aa

S52



OCH 10v9'} —

€1000 €97’ L

NO,

9299
¥769'9

celeL
0seel
60v€L
19v€°L
8E€9E'L
¢89E'L
9z8e’L
148€°L
8Lov'L
9907 L
8cey'L
L9er'L
9Lvy'L
Yehy'L
€09’ L
0v9r'L
ceELLL
LAV
0ceL'L
99€L'L

Not.h%
BELL LN
168L°L
1611
9097’8
ﬁmmu.mv

S

1ab

Far

80°'L
60°'L
60°'L
201
Wofﬁ

=00}

£1 (ppm

"H NMR spectra (400 MHz, Chloroform-d) of 1ab

€1000 922L'9L

ToeooY

€1000 69G€'LL

€8.L°6C1
1500621
(444 014
8/0L'LEL
LI9LLEL
809L°L€EL
2svocel
CTELLEELN
Nmﬁw.ﬁmvw
€1.09¢l
€280'8€L
LL0TSYL—

NO,
cl

Br

MMWMWWMWW

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

10

9

f1 (ppm

S53



3C NMR spectra (101 MHz, Chloroform-d) of 1ab

vLSLE
£679°9
£259°9
¥0.9°9
vEL9'9
0EP6'9
90760
8£96'9
1969
L160°L
Tre0'L
£901°L
¥60L'L
L
orLLL
2Tkl
008}'L
0EEH'L
UyLL
1922'L
9622'L
S9VTL

FZ1b. 1. fid

Br

NO.

1b

MeO

=L0'¢

F=00L

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1b

119€°96—

¢lel9L

lagLnn

SLLELL

1950°2LL~
GLGL OV
9G26°LLL~C
86612~
VELL'STLN
nmnm.mmﬁw
{213 kA

99v0reEL—
8v9E'6el

NBO.QiV

2288051~
09veEesE—

Fz1b.2. fid

NO.

=

1b

MeO

T T
90 80

T
100
f1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1b

T
210

S54



OCHOvl9'L—

€1000 6592 L

16GLE€—

1909°91
1£19°91
£519'01
508991
756991
920191
819891
879891
0£88'91
6588'91
098}°Z1
16811

128y LA
7967 L
8005 L~
Ntm.nw
6225'L
0LL6'L
mmﬁm.nV
G166,
15662

mkﬁ.rﬁ

OMe

1c

=

=80'¢

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1¢

V69L°G5—

€10d0 NNR.mm/
€1000 momo.th
€1000 080%'LL

FZlc.2. fid

belysol—
2085201~
yiezell—

€col'6Ll—
€leTecl ~
L6V6'SCI—

90€LvEL
mowm.ﬂmﬁw
oleyorl—

<0zl 0G5}~
¥0l19¢sL—

¢S6209)L—

T T T T T T T
150 140 130 120 110 100 90
f1 (ppm)

T
160

C NMR spectra (101 MHz, Chloroform-d) of 1¢

S55



2.000-—

s0l8e

8vEL'D
84£L'9
955.'9
685.'9
89989
17.89
16889
79689
0502
12001
orhLL
0LLLL
05EL'L
8es1'L
85512
129L'L
A
0094
LE0S'L
VALY Lo
vLerL
vSEY Ly
28eY'L
very L
8957 LT
wovs”/
2€86'L

ETAY
VES6'L

94561

Foze

ol

90
ol
L
o't

Rgo-

=001

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1d

99€6'G5—

€1000 969L 9.7
€1000 NBQNNN
€100 EVOr'LL

NO,

D

Br

o

ﬁmmmﬁﬁﬁ,/
6LLVOHAL
TESOLLL~
1e288LL7"
yoTy'ee fﬂ
v8L62C)

1698'6Z1

¥0S1've T\,
1L66'6€ ﬁ\
08.0°G¥7 L~
190G I
005S'LS ﬁ/

0.
Ol
1d

T T
90 80

T
100
£1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 1d

T
140

T
150

T
200

T
210

S56



s
re
19v0'0-— - Lo
s
s
s
00£T€Z—
LS
-5}
o
S
vLrL 95—
9Lzre— — Tv.m L m
- .
L= ) £1000 29L6'9L
< = 1000 BQ.EW
] £1000 €SS LL
=
Le )
o —
1678 — Foo 2 5
— e [_E O
52 "
-
L 2TY860L—
- M 0zsvoLL
o brecorl >
L= = 99p0'LZl~
= F 680221
. Ov0E9TI 7
o m 9588'/21
s
ﬁ 82590F L~
o ozsh Lyl
- .
08199, FS =Y 8ETYEY )
L - BLESESH
2v18'9 i
Li68'0 L & 066€GG |
9100 0L M
et Yoot
89702 0l | o Z
S0 Lt 601 [
1690 2f w0l T
v£L0 L] ° —
9960'2 = FooL |2 2
EE | 5 & z
16612 S N
10922 z )
9997/ @ e ®
erlyL 2
e o
o L= .
o m
o
= 7]
=

FZle. 1. fid

S57

90

100
f1 (ppm)

110

120

130

140

150

170 160

BC NMR spectra (101 MHz, Chloroform-d) of 1e

T
190 180

200

210




LELVT—
clore—

v15z9
15529
61129
mﬁm.m\
SrL6'9
58169
cee6'9
11569
58869
€800
9/20°L
L09Z'L
1611
S662'L
L0LS'L
£625'L
£008'L
2508'L]
8028,
15291

_—

FZpens. 1. fid

Br

¥

Me

1f

s0¢
Fue

Foo'k

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1f

619€9L—

clgres—

€10ad mmmm.mﬁ/
€10ad vmmﬁtw
€100 69LY'LL

NO.

Br

SLW L~
0568°€LL—

BOEEZ I
0902724~
€9€9°GT Q
60.7 221

L6Z6'PE L~
129E'9E L
5587 0F L —
0162°¢rL—
€L92°5717

2898'€G L —

Me
1f

£1 (ppm

C NMR spectra (101 MHz, Chloroform-d) of 1f

S58



L¥00°0-—

11222~
99/2T

970€'9
mhom.mv
9/88'9
€068'9
#mom.mw

1169
€0L0°L
6680°L

76044
80VC'L
1092°L
68V,
8€8Y'L
186V'L
9€05'L
19164
69€6'L

~
OWz\/e
= =
o
(e} = o
-
&1@

va.m

60°€

Fio

Kooy
B0y
Fo
v10')

=00k

f1 (ppm)

€100
€100
€100

"H NMR spectra (400 MHz, Chloroform-d) of 1g

§C8L9L—
9leglc—

O $6GL 9L

O veze
08l6€LL

8Y9s'ShL

6eEVLLLL ;/r
ooggeel \
yv8coclh \
€L0CLCl~
GBESOEL .
Ge09'lEl “
oesoect Vi
L9el9¢gl

GS60°9F L~
¥8LL8Y |~
1S8€°05)

T T
90 80

T
100
f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 1g

T
160

S59



b
-
[
s
F ¥9Ly'02—
ke =
; o
ereec— —  Fave [ rm
< 11EL95—
L= 1
Fo ©)
L rm €100 57491
sls8E— ag e
R r2 = 0ao loeLL
o
—
= £
SRS
E S
M 299601~ 2
“ L0 TLLA
S €16564
L= S 0491 1ZIN-
co6L0 € < 098’121~
0189 —
90589 e s 507621~
9c/89 . & WWZEVEL~
0v0°L ol 159 69LL'SEL
6250L Reosw o o IINTIEN
6.90'L (o} €SLEB'ERL~ -
S5L0L g0 7
1092 L RS —
Japedn 00}k R Nmmm.o?
jredy; _ M BLpLGEL—
vr8YL F
026 L * Z
.
o ko =
S
:
o
e [ g
= =]
o - s o <
z @ L@ @
: <
- " s
g = 2

S60

T
80

T

90

100
f1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1h

T

T T T T T T T T T
190 180 170 160 150 140 130 120 110

200

T

210




ocvee—

L616°C
mmwm.mv.

LELTY
19.29
16629
wnmm.mW
620L°9
Nﬂuh.mV
L€00°L
mvNo.nV
cloL’L
v90L°L
6LCL'L
clel’L
aleL
SEETL
LySCT'L
98EY'L
SEVYL

FZ1i. 1. fid

OMe

NO,

Br

Me

Froe

=8¢

=004

5601

Ll
A
gl
oLl

4.0

4.5
f1 (ppm)

5.0

0
[

"H NMR spectra (400 MHz, Chloroform-d) of 1i

P€85°0C—

€99°95—

£1000 2058'9.
€10a0 vnmf.hmw
€1000 658%'LL

NO,

OMe

106€'90 )~
£967'801—

9ELT G —

88y0CC—

6689621
VoE b 61~
£65/28L—
@mom.qmﬂ
08zl L5

€816
19z8 6L~
2512517

1i

Me

1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1i

S61



OSING §€05'C
OSINa 28052
OsiNa 62152
OSINg 61162
OSINa bzese

OcH 008E'e—

FZ1j.6. fid

NO.

Br

HN

Woﬁ.m

)

— €0}

— Tl

a0l

Ayl
o0l

o0}

=10

10.0

10.5

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1j

OSINa €555 °6€

Ow_zootmm.mm
OSsINd mmmm.mm%

:ccccc
Om_zocfmf.cv
OSINa Z06€ 0
OSING 0865 0%

orErily
220261~
STLO LI
69LL'L)L

69eLZZL 7
8500721

£E96'5Ch

S69L'GEL~
SLELBEIN
06EL07L"

LEETA: 14
oleriGlL—

NO.

g

HoN

90

T
100
1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1j

T
210

S62



OCHG6L9'L—

886EC—

8ErL'9
067.'9
0LP0'L
9190'L
0LEVL
Tl L
68G1'L
POl L
9Bl L
8681 'L
502 L
S0KT L

€100 78T L
8606'L
6YISL
19962~
9886,

NO.
Cl
1k

Me

=lle

o
S

10.5

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1k

86G9°0€—

€1000 §67.L'9.L

IS

€000 §18e°LL

£5ETSLIN
LVE0BHA
£SY0TTIA
£528TCL—
G604 LTI~
SE96T L~
GLBIPEL~.
690L°LE b~y
8v66'LE Q
0SEE07 L

86,98Vl —
€989'1G1—

Me

T
90

T
100
£1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1k

T
210

S63



c8rec—

16089
10289
12€8°'9
8€V8'9
¥916'9
0.€6'9
€901°L
€801L°L
SliL
9el'L
69CLL
6821,
Leel'L
brEL'L

BT
ovel LT

A
€60C°L
oclel
LTl
clees
6YECL

€1000 00922

Fz21. 1. fid

0cor’L
€Yor'L
LLov'L
6897,
0v0L’L
LWL
ceeLL
oleL’L

:

ﬁ
[

NO,

Br

Me

o

Erie

T.
oot
WS;

o'l
00'1
F00'h

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 11

69vS°0C—

€1000 Lye8 9L
€1009 mvi.wmﬂ
€1000 009V LL

NO,

Br

clegelL
slilell
€9897LL
L0ce0ch
186€0Z1
¥266'0C)
6cgelch
wmmm.ﬁmﬁﬂ.
€686~
0L6Y'7ELA |
0L06°9€ L~
mmmo.oiv.
L9G1°0vL
1646971
moSNiW
c8LL6YL
€IreesL—
£766'26L~"

Me

-—

f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 11

S64



-M7.177

T T T T T T T T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150
f1 (ppm)

F NMR spectra (376 MHz, Chloroform-d) of 11

S65



OZH 1199’ —

S0V e—

£258'9
8589
9v.8'9
69/89
8€80°L
€Y0LL
SolcL
8GlTL
162¢L
LeeT L
¥9€T L
€10ad ¢y8T'L
cees’L
clesL
r89'L
mmmm.NV.
€90L°L
473
yLLe8
;hm.mv.

Br NO,
CF,
1m ¢

Me

=1le

Mé.f

o'l
By
s
oot

=00k

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1m

12€9'02—

€1000¢9L0°LL
€1000 ve6E LL
GG6E'GLL
1968,
£9¢8'8llL
gees Ll
orvreeh
8cloech
8lg9eet
0069°€C}
céelech
0zeT vl
0295'vZ L
c906'veh
A4
9/€6'9C)
89010}
C918°0€ 1
G058°0€) Y

€100 nwmn.mh%

8988°0€ )
68L6°0€L
0L vEL
066181
ceceeet
rovesvi—

blerest—

CF,

NO,

Br

Me

T

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

BC NMR spectra (101 MHz, Chloroform-d) of 1m

S66



Br NO, 3
ﬁjo\fj\ .
o
«©
Me CF,
1m
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 10 20 30 10 50 60 70 80 90 100 -110  -120 130 -140 150 -160 170 180 190 200 210

1 (ppm)

F NMR spectra (376 MHz, Chloroform-d) of 1m

S67



€10ad2e6l’L

FZIn. 1. fid

c8lec—

¥82L9
2059
¥800°L
68202
8lEL’L
8€€L’L
69€1L
06€L°L
€e51L
rsLL
9.51°L
96G1°L

€0EY'L i
€CeY’L W
€GEY LAk
vLEY' L
mmomNV
Syio’L
CLE9L
G9€9'L
900C'8
mmom.mv.

NO,

Br

CN

Me

in

L

=oe

A0
=101
580}
S0l
Lol

=00}

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1n

2€0L°0°—

€100 065L'9.L

S A
€100 #ree'LL

FZ1n. 2. fid

¥891'901—

8600 SLL~
0295'9LL—7
81208117
zLe9zzL”
S6EL'0EL

PETIas
0918 VE L~
95YE LEL—
seeoself
SLTSBEL

8904 Ly b—

¥S61 7S —

NO,
CN

Me

in

f1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1n

S68



80€€T—

9080'G—

80£8°9
z578'91
£158'9
189897
2850'L
2590'L
0610°L
1580°L
0160°L
ovoL'L
961127
40
106221
9692°L
985 L]
051%'L
erISL

—

[44: WA

FZlo. 1. fid

OCF,

NO.
10 O

Br

Me

=9ze

Fuoz

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1o

098¥'0¢—

¥850°0L—

9018°0L4
vE0T ThE
6119911
089161
08E6'6LL
€ziT 1Tl
Vel EW
6008'1Z}
262 VTl
66828717
1250'62)
98LY 62}
£99€ VEL

ey el
0586'GEL
coLLovL
LeSY vyl
yeLrerl
crel YL
GE0L0SL
9EIB'ESL

FZlo.9.fid

OCF,

Me

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 10

S69



57.8362

T T T T T T T T T
30 40 50 60 70 80 90 100 110 120 130 140 150 160
1 (ppm)

9F NMR spectra (376 MHz, Chloroform-d) of 1o

S70



€10ad 10922

FZlp. 1. fid

logez—

LYe0'G—

GEBE9
186€°9
810¥'9
€907'9
L19¥'9
76979
L84¥°9

458
18€8°9
86€89
78589
L9507
¥.50°L
¥650°L
oLL'L
2:11%2
€EELL
60vL°L

==

€chrs
SybyL
Slby'L
S6bYL
9lor'L
9€9v’L
299,
789¥'L
¢G09°L
8clo’L

o
=

=o€

=90

1 (ppm)

6687'0C—

olvzeg—

€1000 €€€L°9L

oSO

oS
€000 619€°LL

0989041
0zegolL
62e0'LLL
98LL 7L
161861~
ezvelel—r
mfmﬁNNf.\

66rEvEL
8168'GE ﬁ.V
619007 I~
YBLGEV I
SSov vyl — -
126067 I~ -
vi8YLGL—

LOr9es "

"H NMR spectra (400 MHz, Chloroform-d) of 1p

o
=

FZ1p. 2. fid

6677'6C I~ =

f1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1p

S71



8G2€T—

08vc's—

68189
15€89
16£8°9
0858'9
€2I0L
6020°L
8Y20°L |
£8E0°L
S7S0°L
0090°L
€5.0°L
8080°L~
7904,
WikL
€624 2]
0LELL

109z'L
905€°L 1
985e°L
PE9E'L
S99€°L
Serv'L
08pv'L
8605'Z ]
BL65L

FZlg. 1

o
=

=5l'e

woo.m

vz

o'k
8z
61t
01

Lo

f1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 1q

€667'0C—

¥126'69—

€1000 165L9.

TS

o
€100 vveeLL

ommzi./.
mv?.ﬁ:/
8068'6)1
mmwm.vmf/
€9ELTT I
omnm.mNﬁV
9800°L¢) 7
§LlGLc)
9lov'eTl Y
yeseEveEl
ogle'sel
9/eg8'l¢el
ygelovl
Leorvri A
9EVL 0S|} .\.
68.G°€S )

7}
=

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 1q

S72



Feot
sl

00l
Koe
oL
Aot
60')
B0}

0
It

6.0

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1r

€000 617L'9L

OSSO

€1000 LLLE°LL

€L6TT7H
LES09LL
180€° /L1
siegeLl
mmB.mS/
RB@&/
%Q.mmﬁ/
e
90614421
0952 /21
[ 5\
YRLOEEL
090€ €€ L
1007 ¥EL
81867 L~
G08E 051~

60

90

170

1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 1r

S73



8999
1199
18899
02699
129k'L
¥GOL'L
2081'L
Tesk'L
1981'L
800Z'L
TrOT'L
299z'L
S0.ZL
€612
LESTL
1582'L
5682,
TL6TL
200€'L
0v0E'L
060S'L
8LLEL
91ze'L
108€°L
9vEC'L
967E'L
€65,

£89€'L
02LE'L

62e9'L
Iy
SIS9'L
6559,
2089'L

18e L
00ors 7
18001
€698
FIEAN
66818
15618

FZls. 1. fid

001

el
20T
0L
01
Koot

o0l

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1s

€1000 £29L°9.

o0 T 0020

€1000 L16€LL

loge'gel
lelesel
G656°LC)
vzie8el
vioviel
989L°LE}
9lcecel
8E0LEE I
08EEVEL~
96YE LELT
88.0°8¢l
LsyL— -

NO,

ey

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100 90
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 1s

S74



€226 e—

05189
s/189
15€8'9
11£8°9
11169
TrL6'9
0€66'9
95669
€821,
65€)°L
€L
08Y1'LY
605)°L
755171
SE9L L
L0L}'L7]
20€T L
1E€TL
071
€572 L
98YZT L
00922
180€°L
762€'L
86vE'L
1885'L
6065 L
0E65'L
¥609'L
STL9L

FZ1t.3. fid

=10¢

¥l

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1t

LG19°96—

€100029€L'9.

THESeT

€10a0 LLLELL

9606111 —

cessvel
8896'GC|
cLiesel
€€20'62 ﬁW.
c68T6T

mmmmvmf\\
Eo.mm @m
IpegEE)
9960'5¢ 4

€GELIG L —

OMe

NO,

Br
g

1t

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
210

BC NMR spectra (101 MHz, Chloroform-d) of 1t

S75



9LL0°0-—

6EV9E—

28609
65699
€20L°9
88119
cseL9
665¢C'L
osveL
86VE'L
Wroe'L
069€°L
L€8€°L
€88€°L
Shivie
SGLYL
YoEY'L
Lvev'L
Levy'L
0€GY'L
WaLLL
L02L°L
8veL'L

V6EL L
mmmh.h\w
Gl9L°L
wmmh.h\.
€L8L°L

61528~
808287

FZlu. 1. fid

OMe

NO,

Br

©/s

1u

-

Fele

Fuo
Fori

90'L
Wmoe

90'L
W\.mo.f

FooL

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1u

G2l —

€1000 ¢88.L9L

€1000 7501
€1000 seTv'LL

6LY6 0L~
28T6 LI

ﬁmmv.mmﬁ
mBm.mNﬁ/
hfmm.fmf/.
mwoo.mmﬁV
mmmﬁmmﬁ\
€ocerel

ﬁmvm.mmﬁ\.
mnmm.mmﬁ\\

€SS 0VL

€945°€9L—

NO,
OMe
1u

Br

0

1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 1u

S76



ce6ce—

51969
67969
86/69
0586'9
00002
L£00'L
£0€0'L
TrE0L
9870,
L¥S0'L
2v90'L
1890
v2.0L
0v80'L
28012
ElETL
05€2L
605TL
0092'L
5692°L
selT Ly
9eEYL

6LEY L
olsyL
€557'L
065%'L
2071
oLLYL
v109L
£509'L
Sle9L
25291
9859°L
8299'/1
28191
8289,

2

eye

Me NO.
v

Br

Fooe

'L
l0e
ezl
S0l
9Ll
o'l

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1v

ELYY LY —

€1000 £eLL'9L

SoT T 0000

€000 6.0%°LL

1807071
£969°0Z1
rors 1zl
62971
2909921
81Tz —
60,821~
rBLVEEL
£609VEL
BLE LTI~
£5E6TrL
Z5esorl—

2

Me NO

Br

.
D

T
100
1 (ppm)

T
120

3C NMR spectra (101 MHz, Chloroform-d) of 1v

S77



£10a0 2212 L]

FZlw. 1. fid

9./0°€
oleoe
0coL'e
LoLl'e
LogL'e
8ovL'e
9¥sL'e
8zlTe
1962°€
06L€€
GGEE'E
8.g¢e'c
1289
7965 '€
1.09°¢
(47423
G2E9'E
09T’
Nmmm.wv
690€'7
mﬁmm.v\\

SESL9
wNR.mW
11629
9651 L\
9L L
8107

=
0
~
~
—

Br

Wmo.f
oLl
H\Lﬂo.ﬁ

Fio1

Fv0L

Feor
UL

001

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1w

9886'6C—

6£9E°LG—

€10a0 L1€L'9L

=

a1

€10a0 §LLELL

LyoL' 20l —

6250°€C}
0566'€C }.
118V Y21 —
909992}~
6054 TEL~
8860°€EL 7
8G15'SEL Y
v8Th LEL

126607 %
620927 \
1692571

f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 1w

S78



8049
06v.°9
vpLO'L
8€€0'L
2E50'L
9c0k L
6LLVL

€000 10972
977e L1
189€°
9915/ 1
9025'L |
8565/ 1
8665L |
8219'L1
8919/ 1
12€9'21
F9EY L]
Lyv9 L1
8159/
1559'L1
£799'L
82,91
04191
L169'L
0969'L

80LL L
gL’
9280'8
998097
ﬁe.m\
19018

FZ1x. 3. fid

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 1x

€1000 86£8'9.
€000 mmmﬁwwﬂ
€1000 8.7 LL

LTB8'E0 L
1GBE V0L~

5808°0C 1
6228’12 L
Fleched
mfmvmwﬁ//
0998'62 |
mmmﬁvmf)/
90LE'LEL
L15eZELF
1E61°€E L
820L'€E}
SEVOVEL
Vg Ly —

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 1x

S79



19269
58269
91£69
£9v6'9
06769
12569
verlL
Lh9bL
zi8LL
109Z'L
180EL
0L2€L
95vEL
08261
¥S6€L
6617L
92€5L
6555'L
6665L
22e9L
991LL
2EL L]
1662°L)
0582'L

£008'L]
90€8'L

0v60'8
0.60'8
SELLg
€9l1 8
06418
radh]

25028
56028
#52¢8
96228

/e

—— T

Br

LY
~0
102
202
10T

Fooz

Foot

1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 1y

€10a02.2L'9L

T T LT TO

€10a0819€’LL

LGEY'E0l—

mm@m.mﬁ
SLLTOCH
verl'1zl
28511 —
19662C Q
99rr'ST )
0999z ﬁ\
7166921
£9/1°0¢ )
09260 |
92i1ZEL
9LSTECH
1IvIEEL
9619 EL
£9z5'Zr
£0z5'8r

NO.

-

Br

2
»

1y

T
100
1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 1y

S80



€100 7z0£ L ]

FZlz. 1. fid

8676'C—

V662G
921897
1518'9
££68'9
7969'0
vrv69]
2996'9
6822 'L
61£2' L
vLvT L
6657 L
eesz L
649TLf
90.2 L7
912 1]
1082 2
2967 L

NO.
1z

Br

Cl

M L0}
m\\, 1oL

I"L Fe0'L

10.0

10.5

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 1z

€10a0 v?m.mN/
€000 hmmf.kw
€100 GvsyLL

0955'SLL_
1408611~
9ELS LTI
100662}~
£590°97,—
IvoL'62)—
€5v90E 17
5999°€5 |

leisvel

weLort”

€069'67 |~
€2TT IS

NO,
1z

Br

Cl

f1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 1z

S81



OSINa v98Y'C
OSNa li6re
OSINQ 8567’
OSING 9005°C
OSINa 2505°2

FZ2021KEJL. 1. fid

OCH Lopee—

cLEG 0L —

Y\ NH
(e)
2a
i

H/ .
60
hgo¢
vE0)
00’}

Feot

10.0

10.5

0

11.

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2a

OSINa veES 6€

Oms_ommmn.mm
OSINa 0cyL mm/

OSINa €89€ 0%

OSINa 509 f.owM
OSINa 9925 0%

m::Nﬁ
vmmneuﬁ
0960°CZL
oleLsch
6ll6GZL
oval'ock
veer'ack
G8co'lelL
glgglel
Lgsgvel
6£68'05} —

8/8€'6G1 —

CLLT99L —

NH
o
2a

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

T
210

f1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 2a

S82



OSINa v96v'C
OSINd 01052
OSING 8505°C
OSINa ¥015°C
OSINa 05192

QcH ceeee—

Ll68°€—

2560 L7
€011
26012
vrLL L
6LLLL
12211
162} L
[ AR
il Lo
80512
851 L
2191 L
999)" L
£2LY LN
09} L
9vez L)
Ve L]
17T 1]
6672 L1
1652 L]
mﬁmwﬁu
5607 L
98121
9€87' L
1182 1
010¢"L1
090"
02E L]
662g L

05501 —

FZ20210929-4. 1. fid

W

=ol¢e

yLLE
xore
20l

NH
A
2b

MeO

\J Fcot

10.0

10.5

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2b

OSING 80856
OSINa 16846

OSINa Zz.e6e M
S

OSINa g5y oy

OSna owom.ov&
OSINa £€29° 07

€EV8'95—

S055'STL~
6196'5l
@mmmmmﬁ\\
ﬁowonﬁ\\
$v00°ZEL

8EEL8FL~_
G9L0°LGL
€LEL fmfv.

G9EE'99L —

S

»—NH

WUVWWWWWW%WW

MeO

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100 90 80
£1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 2b

S&3



OSINa L96V'C
OSINa 21052
OSING 0905°C
OSINa 80152
OSINa 06162

OCH Zlree—

69€8°€—

8598'91
0218'91
5/89'01
1£68'91
851601
8126'9
1660°L1
8504'L
1GLL 2
ziel
vl L
iyl Lo
116114
££01'L
8LLV L
9961"L
1661°L
SILE L~
goge L’
6169'L~,
s6LL L7

8renl—

Fz2c. 1. fid

NH

A

MeO

2c

Fue

a1
Eyoe
By0°1

20

Foo'k

1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 2¢

OSING 26.5°6€

OSINa 0l.L€'6€
OSNa mwwn.mm%

e

‘OSING 870Z 0F
‘OSINa LELY O
OSING 622901

6le€'95—

1208'G0L—
[4:15x49%
Gc8 ﬁ.m:/
serglel
6906°Lel
lelrsel
mmmv.mNﬁV
vee8lel
resiee fV

098€°05 1 —

€269°091~
89LY V9L~
05e6'99L—

MeO

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 2¢

S84



OSINa 8v6Y'C
OSINa §667'C
OSINa 1v05°2
OSING 6805°C
Osia velse

OTHT

Leole—

7004 L
080141
6vLL L
2611 L
o€zl L
0L2l LA
LYEL LA
zerl L
€51 L
§UGL L
50912
zl9L L
NS
691TL]
82z L
8197 1
%mw.@
€962 /1
8zie L]
voLeL

9rs 0l —

Fz2d. 2. fid

o

(o]
OMe

Fole

SO
o

Foo'

10.0

10.5

0

11.

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2d

OSING 92956

OSING 87sE'6E
OSNd ?R.mm%

A

OSa S.6€°07

Owgonwﬁo¢N
OSINA £500°0Y

92eL'95 —

6v687LL
ﬁmmm.omﬁ/
118512l
L€60°cel
s9lceel

mNmmmNﬁ\.
Nﬁhwmmﬁ%ﬂ
fmvnomf\\
05L9'LEL

SLEETLGL ~
6801651~
€10L°951—

9580991 —

e

S NH
2d

o]
OMe

T T T T T T
140 130 120 110 100 90 80
£1 (ppm)

T
150

C NMR spectra (101 MHz, Chloroform-d) of 2d

S85



omow.m
Ow_zo mmmv,m/
OSINa 08672
OSINg 92052
OSINa ¥205°C
OSsiNa 0z162

THBTEEE

coeLe—

G6EL9
99v.'9
G199
G89.°9
Gere6'9
¥6176'9
06002
0le0’L
lgel'L
orvLL
WiL'L
Lv6l'L
10LE°L
168€°L
¥60¥°L

=

2.1.fid

€€0€0) —

FZ2021092!

OMe

Fsoe

Fuioe

e
885858

Fio

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2e

€96L°0C—

OSING LeLg6E

Ow_zommmm,mm
0SNG vﬁwn.mmw

‘0SNG #80Y 0F

0SNG mm@.o&
0SNG 291907

9580'95—

8706'901 "
90€0¢hl~
G658l

1898°CCh

vLL9VT ﬁ%
LG0'9Z L~
€€9L8CL~
89€ETEL

LLOLYL—

6862°€5L~
V89E°LS1—
S6£5°091~"
019091~

OMe

1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 2e

S86



S87

=
-
s
[=
te 80L£°9L—
92£8'0c—
- OSING £57¢°6E
6607'Z ls OSWQ £555'68
59zv'Z N OSWQ 1£9/ 68
OSIa 567 %62 S T
OSWQ 6667 ooz S OSINQ 208} 0V
OSWa Y052 e 0SNG Z68E 0V
OSWa 1605 G—  OSWa 08650
OSWa ££15C B o)
ZHpzes: <
[ 0
. E
2
)
=
L o
< =
)
- =
T m =)
T o 2O
19269 o7 N - N
02£6'91 ° -
569 2 ks
9056'9 M 2982811
61969 kmm.m:/
1816'97 Fa o 255 5Tl
1796'9 i S Bmw.@ﬁ/
0866'9- w0l F 2916921\
£600°2] 00z ~ 8C79'8CL~
veLo LI ol e 98050€L 7
12€0 L ol R LE6LLEL
ozel L 00} [ + vS6ETEL
1511 Q T L —
el L= o4
61T L] < & )
oﬁmm.& 29r 051 —
5007, Fo
Loey L * & ]
- M 2105091 —
@ pd 25re 99l —
=
-
rs
oLy oL— — Fw |
= - w@ 2
@ [= ) o 5
5 = ®
g =
B =

T
100 90 80

1 (ppm)

110

T

120

130

140

T

150

160

3C NMR spectra (101 MHz, Chloroform-d) of 2f

200

210




OSINa 6005°C
OSINGd 9505°C
OSINa €016°C
OsiNa srls'e

OTHEEFEE

9.96'9
€269
£886'9
12669
69202
89K0°L~%

09GL'L—F
8vLL'L
8/8l°L

Le6l’L
YOLY'L
906¥'L
yvSsL
1699 L

Me

NH
29

o7

Me

LTHZ

A

Ferz
Feze
00}
€0'h

f1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 2g

£8EF'9L —
16€9°0C—

OSINA 9095'6€

O_w_zomﬁmm,mm
OSNa mmmm.mm%

TOSNO EBI66Y—+

OSING 8e6E0Y

osna 89.2%
OSINa 52090

G8s.Llcl
sleceeh
L00g'sch
068¥'9C ﬁW
cllrozl

c89T'6CL
8Sv¥'6Cl
GEE6'6Z)
GEEE'GEL
GLESSEL
886905} —

6LYY LGl —

SLYS'99L—

Me

NH
2g

o7

Me

f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 2¢g

S88



G86¢CC
OSING G56Y'C
OSING 20052
OSINa 67052
OSING 9605
OsiNa Lvlee

OTHOEPET

6.69°€—

SS0v'0L —

Fz2h. 1. fid

NH

—

/ N,_-OMe

=l0€

F60'€

80¢

£00C
=00l
=0l

00l

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2h

1850 —

OSING 9295 °6¢€

Ow_zomvmn.mn
OSWNad 0 Kh.mmk

oo
OSING 26810V
OSING SL6E0F
OSING €509°0F

Ccr96'9S—

SPeELLOL—
9esE 0L —

99690C)

6plee ﬁV
00zL'gCl~
€85LbEL

1962°2EL~
1296'VEL—
6L9¢'SE f\

0ZI8' Pyl —
9804 LG1~
085517

12SY'99L—

©
=
o

NH

AW

Me

T
100
1 (ppm)

T
120

3C NMR spectra (101 MHz, Chloroform-d) of 2h

S89



OSINa v86Y
OSINa 0€05
OSINg 9205°C
OSNag €21.5°C
OsiNaoslse

THT 068"

oreee—

bres6—

OMe

F90'€

e

160
80}
9L

0L

=00}

Fio

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2i

0085°0c—

OSINQ 6819°6€

Ow_zoiﬁn.mm
OSINd owmn.mmy

ST
OSINa 6571 0F
OSINa Z¥Se 0
OSINa 0€95 0

LILL9S—

PEE0'60L —
LeovELl—

clegoct
momh.oNvV
S€06'GCL
mwmm.mmvv
SYeo'leEl~
€eeLgel
nmnm.mva

6629151 —
6858261~
852 151 —

9€96'G91 —

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 2i

S90



OsiNa LL6v'Z

1105
990S°¢C
[425:X4

OSINa 85162

Fz2j.10.fid

QCcH Lesee—

W2z s —
erLL9
912291
156291
2evL o
242697
vYE6'91
961697
7100 Lk
£780'|
16101
€802
048027
1£60°L]
29602
€904 L
55112
CAWE
svzr L]
8e€l L]
1iEV 1
€612 L
822z L
80vZ 11
ovvz L’

vozeol—

NH
A0

H,N

wNo.ﬁ

10.5 10.0

11.0

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2j

OSINA 6655'6€

OSNa zlse6e
OSNa mmmm.mm%

OSINa vr6E 0

0sna ogﬁc&
0SNG 0£090F

T670'SH
s8p el
NNWN.ﬁNﬁA/
980712}

ez

Lovszl
L6v8'sCl
Lilgogh
9Ll6 ﬁmﬁ\.

0L09'9FL~
CEV8BYL~
G90L'LGL—

G9E8'99L —

&

NH
2

H,N

f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 2j

S91



0llee
OSING §205°C
OSINa 1205°C
OSNa9llse
OSINa ¥91.6°2
OsiNa 0les'e

OCH 8ege'e—

SYSLL
0912
G8reL
ovse L
L65CL
069¢'L
99Ly'L
occr'L
LLEY L
0EPy'L
CBLY' L
ca8yL
06962

Gl

NH

=G6C

R
88228
ESEN

Fuo

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2k

2069°0Cc—

OSING 6255 6€

Owsammwn.mm
OSWa € Bn.mm%

e
OSINa 811 0%
OSINa €.8¢ 0%
OSINa LS6S 0

levi ezt
SLOY'STIAS
7198921 —
mmﬁ.mﬁ“
9£46'0€L \
VB6L LEL

Lior'sel \
7GLG'5EL

£€€6°0CL
ﬁmmw.ﬁmf/
3

8Y0e'LGL—
0€28'9GL —

L0v0'99L —

Cl

NH
(9]

Me

A AN B A A N

T T T T T
160 150 140 130 120

170

1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 2k

S92



oolec—

OsiNa 8vLee—

Fz21. 4. fid

OzH ommm.mv
OCH €€4€¢

¢lg6'9
99969
0769
€869
SyeeL
0Sve'L
GEEE'L
L9v€°L
¥89€'L
€LLEL
Lyl
8LEV'L
80452

68501 —

Me

O

2|

Feoe

Feoz
€0}
M\NE
80°L
Fl01

Foot

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 21

6v.5°00—

OSING S085°6€

OwEDonNn.mn
OSINa mwwn.mm%

OSSO CYEEBE=E

OSINa S5 L7 0

OsSINa mmow.cv&
OSING 97290

9/€'801
105’801~
9089'LLL
et
508021~
26Tzl
9690°€CL 7/
GBSY'STL
6008'LEL
0966'2E
6901 °€CL
9e5€'SEL
8515°5El
0szz Lyl

GOE1 UG~
ﬁmN.mﬁw
8929°09}

61991 —

FZ21.6. fid

Me

(¢}

2

T
100
1 (ppm)

T
120

3C NMR spectra (101 MHz, Chloroform-d) of 21

S93



Fz21.5.fid

wn

3

o] o

W\ ©

»—NH =

Me /®/F
o
2
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 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

1 (ppm)

9F NMR spectra (376 MHz, Chloroform-d) of 21

S94



ceeee
OSINg 6805°C
OSINa g€Ls'T
OSINa €816°C
OSING 0€25°C
OSINa §e5°C

OCH v89e'e—

G8.TL
066¢L
G8EY'L
Yoyl
LG
€997°L
2G60G°L
yILGL
€0CS'L
9G2S 'L
ClESL
66954
8€6SL
9665L

CF,

Me

Fooe

Feot

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2m

2995°0C—

69v8'811
vv88'8lL
Sv26'8lL
0656'811
¥020'02)
vEL6'0T)
vL15Te)
sl19cel
0v59°221
v.89'Ce)
1010221
5620'€2)
Zr2z 5Tl
1517'5T)
81592
608.'92)
1101 22)
Eraagtd®
1zL1 el
0999'L€1
6799°Z€}
6E89'6EL
£evL LEL
6850751 —

¥266'LG) —

Crrr—

1999791 —

o
[
o

NH
(o)

Me

FZ202104

2m

T T T T T T
200 190 180 170 160 150

T
210

£1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 2m

S95



=
®
°
O; \]
4
%; i o
o
o
60.8342

T T T T T T T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150
1 (ppm)

9F NMR spectra (376 MHz, Chloroform-d) of 2m

S96



280€ee
OSIa mmmv.m./
osiacliere
OSINa 1967’
OSING 9005°C
OSINa €505°C

(amads

0292 17
0287’14
1627 L
9GEY' L
€05 L
295V L
1605 L

2v69'0L—

Fz20210411-5. 1. fid

NH

Me

(o]

2n

e0e

FooL

10.0

10.5

0

11.

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2n

beLG0C—

OSING 6095'6€
OSING 704L°6¢
S R

OSINa vmmn.mn%

‘OSING G.L6E°0F
OSING €509°0F

Osna Nnmf.ov%

NH

9990601 —
L8er8lh
ssyolel
69zv'eC ﬁ/
S004'SThA\
8Ly9'GCL—
98S6'6CL~
Leeg'lel—
LLlece f\
G88LGEL
yies'sel

L8YL VS~
rle9sL—

8LL8'99L—

(0]

2n

Me

1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 2n

S97



9€6CC
OSINa 6v6Y'C
OSINa v667'C
OSINa Lv05°C
OSING 88052
OSINg 9€15°T

OCH vevee—

18L0'G—

4TIN]
1819
12919
€044°9
19419
0v8L'9
A
6261 LF
1802°L
16221
SIETL
0v9e L]
569€°L
09:€'2
z98c'L
v96€°L
1657,
19¥GL
£e55°L
8095/
1251

08€v'0l —

FZ20210530-1-C. 1. fid

60.5°0C—

OSINQ CLLG6E

Ow_zommmn.mn
OSINa mmwn.mm%

f1 (ppm)

3

OCF

'"H NMR spectra (400 MHz, Chloroform-d) of 20

Me

Ow_zoovow.ov
OSNa 0zl o
OSING 602901

b9L1'69—

1€61°80L
CSLO
60LC6L)
9269°0CL
slesiel
SLigleh
vi8lzcl
6.89'GCl ./
60L00€L
189.°LE ﬁ#
8coveel ~
9E86'VEL
98LT'GE ﬁN
GL9L'9EL
<6roSyL—
ogoe8rl —

1986'G5) ~
0015251

LYy 99l —

F220210530-1-C. 2. fid

S98

OCF,
100 90
1 (ppm)

110

T

120

Me

3C NMR spectra (101 MHz, Chloroform-d) of 20

210




OCF,

56.8067

T T T T T T T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150
1 (ppm)

%F NMR spectra (376 MHz, Chloroform-d) of 20

S99



[4°144
OSINa imv.m/
OSINa L2052
OSING £205°C
OsSNasiise

OTHYVYTE

8166’7 —

besr'9
£857'9
Ly9¥9
70859
98899
GY9.°9
698L°9
GE6L9
608L°L
9202,
[4:14 4
68.€°L
8Y8eL
G66E L
€507°L
YipS L
CEGS'L
¥8L9°L
6289°L

e Entrértriy b £

plerol—

FZ20210618-5. 1. fid

NH

o}

2

61T

J80L
S0l

Yo'k
Koot
81T
el
=101
E€0')

40

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2p

L/89°0C—

OSING GEST6¢E
OSING L€9L'6E

OSINa van.mn%

‘0SNG 1.88€°0F
OSING 086501

Oosna mmt.ov%

NH

A

L00¥'29—

0052804
86LL°LL ﬁ/
€651
LEETLLL
€gcL0ct
9eeL’ee ﬁM
8069'GCL~
1892°LEL
9ELETEL
1600°GEL
mmmm.mmfw.

8zzLvrL—
06205v1
9962051 —
86,951~
0v0S' 251 —

o9l —

I\

o)
o

(o]
2p

1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 2p

S100



186C'C
OSING 6967'C
OSINg 9105°C
OSINad 9905°C
OSNaGlise
OSiNa Lolg'e

OCH Levee—

662F0L—

[Z20210618-4.1.fid

J

NH =
1 °
_
(o]
2q
\
|

o7

Me\d
(0]

Eize

o0z

R0z
=60')
¥o6Le
¥ 0Ll
¥.l0T

Fiol

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2q

8¢89°0Cc—

OSINQ }72g'6e

Ow_zoﬁin.mm
OSINd wmmn.mmy

==y -
OSINa 10S) oY
OSINa €85€ 01
OSINa €895 0

6180°69—

Lizyeol—
aGvT Ll —
sriLocl

nmﬁ.mw_‘/
mﬁm.ww_‘/
mfmm.nm_‘v.

6v0r'L2l
mmmr.ww_‘\

Nwmhém_‘
Nomm.wmv
wmfo.mmrx
proegel

vomm.mm_‘\y
L00L'G¥L

POv9'GGl~
606%'LG1

§95%'991 —

F720210618-4. 2. fid

Me

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 2q

S101



OSINa LS6Y'T
OSINa 9667'C

HE-eroeT
OSING 0605°C
OsiNa 9€Ls'e

OCH 68€EE'e ./

8YEL'L

P4
6.71 "L
€€G1°L
9.G1°L
8991°L

191171
9981 °L
C061°L
£Y61°L
9€02'L
§90CL
166€°L
120" L

90zy'/
912511
9ves L
9856/
6175 L
v5vS L
£655 L
529/
£919'L

B

=

8Ll
02
¥0Th
L
el
€0l
00l

Fso

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2r

OSING ¥6SE'6E
OSING 2995 '6€
OSINa Lg.LL'6E

QSING | #9565

OSINT €E61 07
OSING G6Z°01
OSINad LLOY 0Y:
OSING S609°01

65cELLL
caselel
shylecl
cees’sch
¢G609CL
8leyacl
€cLo9C)
LoLg LT,
celeect
19SY'6CL
9L150¢E)
Lze9’lel
90lgEel

LLELoel
6lcLogl—

006695} —

1€8199) —

100
1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 2r

S102



OSWGZ108T

Fz20210318-1.2. fid

OCHTEY

YOELL
e6vl'L
18912

002 L1
86€7°L
0LpE L
2998,
658¢°L
ovey L
82 LA
€857
5e9y'L
L0Ly L]
LL8YL]
12s L]
StveL]
8v55L

orisL |
1290

12692

PAAYN

NH

2s

I

Feot

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2s

OSING ¥.55°6€
OSINa 979L'6€

osina mnﬁm.mm%
T

OSING 606€°0F

osna vwmé&
0SNG £66507

9099°€Ch
omom.mwﬁ/
Nﬁmﬁ.mmﬁ/
ﬁmm.cmf/»
LrsLlel
1118 ﬁmﬁV.

LrLeTeL
68l0°EEL

Lov.9elL \y
9zTe8EL

06.E07)L

8698891 —

NH

£

2s

f1 (ppm)

3C NMR spectra (101 MHz, Chloroform-d) of 2s

S103



OSINa G567'C
OSINQ €005°C
OSINa 6705
OSING 8605'C
OsiNa vvLee

OCH evpeEe—

y028€—

16502
2890°L|
1202
L1£80°L
160L 1
261127
€8€L L
evrl L
vesL L
veal .
Ly Lo
6517 L1
8627 LA
evEY L
zery L
LLpY L
6157 L
229y L]
zL97' L]
o8y’
5587°L]
156v'L
@oﬁoﬁu
9515,
825 L]
1e€5 L]
6259'L |

0859'L ]

0029L

9529L

9628'6—

Fz2t. 1. fid

OMe

Fsoe

60'L
ooz
yhe

o'l
Bvory

Fzot

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2t

OSING 6695 6€

OSING €09€°6€
OSINd Rhn.mmy

OSING 0561 0%
OSIa Lr0v 0F

&
OSINa GZ19° 01

992995 —

s8i8cThl—

Nnmm.vmv
mmmm.wmv/
mmmm.wmv/
peGr6ZL
Liegiel
¥906'L€L
Lge0cel
yooeelL
Higlel
LlyTeel

L9zezsl—

6205891 —

A A A

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 2t

S104



OSINa L6y’
OSINa L86Y'C
OSINa 2e0s'e
OSINad 6£06°C
OsiNa 9z1s'e

QcH Lyee'e—

8ceLe—

08269
5E6'9
66769
71569
6901°L
ovil L
6EEL'L
8551 LY
20zy'L
eyl
R
120yl
L9572
7197 LN
152y'L]
66L7'L
€612
6.67'L
SYLSL
28151
6265°L
SLES'L
8859'L
6599'L
659°L
6189°L

€905°0} —

Fz2u. 1. fid

I

OMe

2u

Toee

oL’ L=

Feoz
sle

40 i o

801

Foy rs

TR

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2u

OSINQ 6695 6€

Ow_zoncon.mm
OSINd Rk.mmw

S105

OSIa L¥0v 0

osina om@.oqN
0SNG 621907

§15095—

91079~y
8rel L
POSE VT

mmmv.mmf/
8156'0EL
ProL’LEL
0956°'LEL
gliecel
8yeeeel

¥€69'9€L
ogsesel

0v68'9GL —

10,89 —

OMe

2u

100 90

1 (ppm)

110

T

120

130

140

150

160

BC NMR spectra (101 MHz, Chloroform-d) of 2u

200

210




OSINa 2967’
OSING 8005°C
OSING §505°¢-
OSiNa LoLs'e
OSINa LvlG'Z

1292 e—

0vZ0'Lq
€202
£660'L1
£270'L
€950'L
7650'L1
SLL0°L
6v80°L
96607
£160°L7
€501 L
7T L
6611 L
ey
el ey
TI6L L
665t L]
€YoV L]
28Ly L]
18y L]
1981
9867 L1
16052
2129 L
952921
5079'L1
8YP9 L

i

)

¥80C°0L—

Fz20210912-1.1. fid

NH

Me

2y

L

=8c'e

8€C
Moo.w
lz'e

611

Fo

1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 2v

£5801°8€
‘0SNG §2.E'6€
‘OSING 8085 '6€
OSINT 988/6¢

‘OSING 090201
OSING LSLY'0Y
OSING GEZ9°0Y

Juaqsqﬂannda&

ovﬁmﬁﬁﬁ
@m@nmﬁﬁ//
mmmﬁvwfyy
9I80°€Z)L
0SPETTL~
mmOﬁme“w
81662317
ever IEl

666.2¢ ﬁ\
cLezeel

2688 YL —

WPEV'ESL —

69€8'891 —

&

NH

A O

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 2v

S106



SY0E0—

OSING 78672
OSING 0£05'2
OSING 9205
OSING 22152
OSIN 69152
6220°€~,
Trro'e
590'
ozH g0ee”
SIS
mmmmmw
6.19'
12097
602.'91
16£1°91
6978'01
6058'9
6£98'01
1999°9
0£88'01
£188'9
668'0
€069
5169
££26'0
£2€6'0-
59£6'0
92769
2256'9-]
S |
165691
0824
.96'0
88.&
17869
802 1]
8z L
V92T L
622
2616 1
99.5' L
1£66 L
966 .-
\ver'6

2w

E00'}
£00'C
10z

FS0°L

=001

L

L0

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2w

9velL’Le

OSINd mem.mm/
OSINa 6655 6€
OSING €89.°6€
OSING 2816'6€
ekt

OSINa €v6€E 07
OSINa 8209'0%

G9EL'0G—

<8809}
9¢vollL
PE96'6LL~
L8YL°TTL 7
mﬁo.wwv\
pLeoszlL
mmmﬁmmv\
€907'0€L
§90LzEL
ocveeel

oryLLSL—

€eleioL—

Q
2w

FORPRTFPRUVRRI NP SRV 0 ST PRSPPI

T T T T T
160 150 140 130 120

170

1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 2w

S107



OSINa 9867'C
OSING 2€05°2
OSING 6205°C
OsiNa §2L5'C
OsiNa L2162

OTHOESEE

c0cl 8-
€viool—

Fz2x. 4. fid

J

NH

2x

.

00’}
Fioe
60}
607}

20)
Zoor
SO0k

Fio

OSINd 2995'6€

Owsﬁmmmm.mm
Osna oﬁmm.mm%

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2x

OSIQa L1ov0r

OwSm mﬁmﬁ.ov&
OSINa 680907

6966°901 —
Yore L
08.¢lcl /
gceleel /
POPOECiNL
00L£°GCL~\_
Leeeoet N
L05€°9eL
6cerlel
6498Y°'62L
€oroLEL
909T°LEL
£979°LEL

LIy6'G9L —

&

NH

S108

£1 (ppm)

13C NMR spectra (101 MHz, Chloroform-d) of 2x

2x




OSINa €v05°C
OSING 06052
OSING 8€LG'T
OSiNg 98152
OSINa vees'e

OCH 685€'E

€051 L7

Fz20210731-2. 1. fid

ELES|
88917/
L2l LA

©
~
@
o
~
C
=

SeLl’ob

NH

B
Chy
2y

L

b
yANY

00’}

Feos

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2y

OSING 87.5'6€

Ow_zohmmn.mn
OSNa an.mm%

‘OSING 9002 0¥
‘0SNG #80Y 0F

%
OSINa 861907

(44l
£518'8l19
cclolzly
yL69LT 1|
ylsecel
9PLBZT LA
80SZVCL\

0585521
9er8'5eL
9266'521
1689921
WZe 221y
9£59'621
1261 IEL
6ELYEEL]
06v8'6E L
v280'syL !

"
wn
8
wn
g
|

=

8061291 —

2y

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 2y

S109



OSING £805°C
OsiNa velse
OsiNag 18162
OSINa L2es2
OsSiNa €LesC

OZH syoe'e—

oviLL
096}°2
v04TL
942,
Li6TL
11671
ziee L]
1vES L]
1052
S
689,
6128 L
808€L
9£8¢'L
ey
8E07'L

65152
81esL

5929,
11£9'2
2ov9'L
60592
2599,
96992
88LL°L
zesLL

— T

NH
A

2z

5

et

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2z

‘OSINQ 0655°6€

Ow_zomﬁmn.mn
OSNa mnmn.mm%

‘OSING 8E6E0F

OSNa mmmf.ov%
‘OSING 0Z09°0F

99l6'sch
€292°9¢ ﬁw
098y'acl \

8r18'8Ch
¥6C60EL
0c06'LEL

8loo'sel

180L°Lel

8e6l’le ﬁ/

96L1°€T f/
AN

€orLLSL—
Cr98'8sL —

ore's9l —

2

NH
2z

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100 90
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 2z

S110



OSINa 9v6Y'C
OsSINa 2667

OSINa 0v05°C
OSING 88052
OsiNa velse

OTHT8TE"

61912
£€8lL
289z,
1692°L
9v8T L
50671
92¢'L
£57EL
0v98L
0522
126€°L
£605L
€515,
€619,
8629
68€9°L
979, |
08592
5299/ 1
059,21
v69LL *

T

)

—

€Y8L°L
18811

01904 —

Fz20210831-1. 1. fid

80'L
oee

90’
H/mo.v

A

\JT:

5
1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 2aa

OSING €789°6€
‘OSING €26L'6€

OSINa hﬁn.mn%
e

‘OSNa €617°0F

OSINa m?wdv%
OSING L2Z9°0F

€66lLlcl
66661 ﬁ/
lo6l'ech
8516'SC ﬁW

\pigozl
G969 ﬁw

60c8'8Ck
Gre60EL
ye0B'LEL
LrlOSEL
GSSLLSL—
6€.8'851 —

6Ly6'99L —

Cl

NH

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 2aa

S111



OSINg €€05'C
OSINa 0805°C
OSINa 8zlg'2-
OSINa €£15°C
OSINa Lzese

A

THEE

J

_

o'k
ooy
See
oLk
g0l

Fa

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 2ab

OSIAJ €955'6€

Ow_zomnvm.mm
OSWd mwmm.mmy

OSING 606€ 01

Ome ﬁwmﬁ.ch
OSINa 0109 0%

8690°€ZL
mwﬁm.wwv/
4861821
mmwm.mmv/
ﬁmwmemvv.
L9€6°LEL

:R.va\
miv.ﬁmv\
9880°9¢1L

mmmo.wmv\

v98L'LylL

9669891 —

Cl

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 2ab

S112



OSINa L1052
OSINa 7905°C
OSsNa Lllse
OSING 8515°C
OSINa v02s'C
OCH £6G€E~
OzH 98L7'e"”

zL6L LY
6102L
vSlT L
02T L
622 L
vrET L
L16€T L
857 L
1€52 LA
6992 L
12T LN
€168 L~
902€L]
206€ L
196¢ L]
060" L]
yoLY L
8zzy L]
Lser L]
virr L]
sesy L]
0.55L1
2095'L ]
91511
6085 L1
8565'L
0665 L1
8v8gL
£606'L 1
sore 8]
165281
(AR
v8ge e
yv0£°8 |
1088
Lo1e8
8ELES
Y0E€ 8
£cee'e

6.2TTh

[Z20211213-3. 1. fid

107
0t
ey
00}
00l
00z

Fro

f1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 3

OSING 1815°6€
‘OSING L92L'6€

OSNa hwom.mmW
T —

OW§Dmn3.o<
‘OSING 0€SE°0Y
‘OSING G195°0F

86VE9LL
ooleock
9608°Lel
oa/82cl
lgog'ech
£999vClL
cehosel
yasL'ael
yh6Z9clk
c0er' 9zl
obLy'aCl
cLlvich
L66Y'LCl
L2eviel
Lrigeet
078L9EL
9logorL
9599V L

1€28'861—

F220211213-3.2. fid

T
90

T
110

f1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 3

S113



OSING 9667'C
OSINa 205
OSING 8805
OSINGg GELG'T
OsiNa ¢8lse

OCH resee—
LYy e—

98LZ'L
¥2ez'L
66€2°L
€1ST'L
6002'L
09€€'L
L6EE’L
995¢°2
9v2E'L
28LE'L
99Ly'L
z62y'L
SIEV'L
8GEY'L
26vY'L
675v'L
8997'L
169%°L
£26v'L
0967
8zis |
ol
9085°LE
Ly
+265°L
2965 L
7109°L
5709°L 1
82L9'L]
v919°L]
619°L
5229',
6L16°L
78E6°L
6810'
8120'8
28€0'8
0’8
11828
700€'8
9z¢£'8
9gee's
915€'8
9rge's

Fz4.2.fid

_J

i

A
}

B

Y

00€

€Ll
1
90¢C
413
€0¢C
00}
[4o
00'L
10k

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 4

96158¢
OSING 6EEE6E
OSING 9EvS'6¢

Beliguide

OSINa 169} 01
OSING 98.€°0F
OSING 9985°0F

9909k
819611
ozsLozk
G988°lch
cLigeet
3:154 74
G688 VCI~E
€€9G'GCLF
lceooct
yE6Y'9CL
v€88'9CL
9616'9ZL
0Leg°LclL
€9c6'6Ch
e6lTselL
Looz'Lel
60ceork
ooseorL

829C /91—

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

T
210

3C NMR spectra (101 MHz, Chloroform-d) of 4

S114



OSINQ 8€6Y'C
OSINa v86v'C
OSINa 0€05°C
OSINa 22082
OosiNa ezise

OTHEERE D
vESE T
916G
ovzl'l
0624,
8evlL
sgyll
1EShL
15V
i)
€91t
£084°L
vvBlL
18611
eLTL
8Tl
51621
€997/
96921
2082’1
9v8zL
6262,
1667/ |
2662'L
8€0€°L 1
80LEL
9z1€' L
Syies
20EE°L
szees
ey
LovrL
119y
svoy L]
N
ve5L L]
SIGLL
822L L]
Tl
8098
9188/
¥990'8
8690'8
£580'8
18808
62228
9228
zevee
852’8

e

T Y

Fz20210819-1.1. fid

D
O

Feoz

Feo

'H NMR spectra (400 MHz, Chloroform-d) of 5

OSING 1925°6€
OSING 6EEL6E

OsiNa omﬁm.mm%
Eesal Zob

‘OSING 809€°0F
‘OSING 8895 01
GGLYeG—

osia momg@

£r69ClL
990.'811
8€6L0Ck
8500°LcL
sleziel
clerect
86VE€C ﬁk
Lisleel
8598'€CL
¥zes el
Ge90'Gel
$899'GCL
€Le8'SCh
SEVYOCL
89.9°LEL
olseeel
yEOV'BEL
rs9ehlL

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100 90
1 (ppm)

T
210

C NMR spectra (101 MHz, Chloroform-d) of 5

S115



OSINa €v6Y'T
OSING 686Y'C
OSINg 9€05'2
OSING €805°C
OSsiNa 6215'2

oeH 6PREET

[4i47

000C°Z
6€0C" L
€ELTL
VLT LA
¥2ET L
€9€TL
088¢L
1962 L
786¢L
6£0€°L

FZ20210906-2. 2. fid
0
@
©
~
hed

L

Fioe

—VE.N

1 (ppm)

'"H NMR spectra (400 MHz, Chloroform-d) of 6a

‘OSING 9295 °6¢

Ow_zowwmm.mm
OsiNa mEm.mm%

OSING €.6€°07
OSING 1.909°0%
9069°CY

OSNa Bmfo@

S9v9'09—

B4 347
1858'8L1
7966611
699€°0C}
L£60'42)
velelel
6vvoecl
€269°€Cl
88¢8'eCl
v6se vl
YoLLYTL
890'5¢} i
200€'9z}
100592}
Svi8cel
SGCC8E ﬁ\
erlSeel
SeveE Lyl —

mwmmmwmm

T T T T T T
200 190 180 170 160 150

T
210

£1 (ppm

3C NMR spectra (101 MHz, Chloroform-d) of 6a

S116



OSINa §v6Y'C
OSINa 16672
OSING 6€05°C
OSINa ¥805 ¢
OsiNa 0eLs'z

FZ6b. 7. fid

OcH 95vE ¢
€726
68€6'€ 1
15127
86216
28215
Bl
8€51°¢
201T'S
151G
6£52'¢
1852
VELL'G
9/8/°G1
986.'G1
1208'S
£EL8'G
5918'
£4e8'S
S0£8'
158G
25786
2998'G1
808'G1
821"/
92LY L]
581,
01612
6102'L
6€LT L]
€612 2
927 L
9967 L1
6152 L
09522
68.2'L
€87 1
18621
£€0¢'L
£90¢'2
LLLE U]
beze L
617E L
£L0v L
iy L]
cley L
675t L
€85 L
9zLy LA
V9LV LN

ey L]

L6V L
S62L L7
9€€L L]
£67L L]
§e5L L
9018'L
5le8 L]
2908
mmm@mg
98/0'8
8v80'8 ]
78228
91€7'81
08728

w
[
[

olsee-

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 6b

OSING §87€°6€
OSINg }.89'6€
OSINd 899.'6€

n LT o

OSINa vE8L oY
OSINa §16€ 01
OSINa 6665 0

969€°9G~
0/59'.5

66€8THi7
zroeeLl
686811
0657024
7roLLel
GTSELTL
6.1122)
8602'6C1
0026°€7)
1812721~
\rSL ek
2100521
66292
soes 9zl i
szL06C)

#965°1€1 7
YE0L'EEL
2811961
€LTY8EL]
650661

——

O

T w

30

40

60

100 90 80

1 (ppm)

110

130

140

200 190 180 170 160

210

BC NMR spectra (101 MHz, Chloroform-d) of 6b

S117



OSINQ 656Y'C
OSINa 9005°C
OSINa 2506
OSINQ 8605°C
OsNa svise

6leee

OcH g56ty

LI9LY

[44
966}
6LLTL

2982,
£IvTL
28ve'L
6162,
8552'L
6292'L
€Lzl
v6iT'L
£00€'L
190E'L
9g2e’,
58€€'L
9zve'L
525y'L
85Sv'L
V0LV L
9ciy'L
04114
I6v'L
99865 'L
0862
9909',
50L9'Z
EIVE
8.8,
9€5L'L
11511
086.'L
6818/ ]
9€40'8
25&
160 |
1960°8

9622'8
82528
£6vC'8
12528

i~

— T

FZ6e. 1. fid

[40k4

0oe

f1 (ppm)

OSNA 6.vS'6€

Ow_zopmn.mn
OSNa mmmn.mm%

OSING L0685 01
£205°EY

LIe'Le—

OSINa LeLl oY
0OsNa ﬁwmm.ow\y

61L89.—
0680°18—

9Ep8elL
966811
¥66¥0CL
€91zl
elezicl
oolrich
coclect
06e0've ﬁ./
89zLvelL
66sevCl
€zrlvel
6rsLgel
cesack
¥995°9CL
oroL'eel
96L1'8EL
EVrS6EL
985Gyl

"H NMR spectra (400 MHz, Chloroform-d) of 6¢

N:

U

1 (ppm)

C NMR spectra (101 MHz, Chloroform-d) of 6¢

S118



S119

S
-
<
o
s
6688°0— Frze |-
G67£°8T
Fe OSNa 8ge’ mm/
FS = Omsa 0£86'6€
OSING Y561 &  OSWdzesloy
: G OSNGLoror
Oana Broe 0SNG 6809 07
OSINQ 87052~ - [ 8505 8\
OSING 96057
0SNG Z#15'Z <
L= ]
OTH £iEE 57 - S
1962 71 2 1
6ELOG o)
6259°G R 5
5122 1 IS kS
Z9v 1
1692 /1 = Faol [ 3 muv
s2ee L] L= &
12re I Z -
Ay @ N
719821 lo T
869€ 'L 2 P
grer i M el
£ort' L1 - o 2006021~
8erY L] e €2iz121
66/ 1 == Feo — 6726'L2)
089721 - N slegezl
0887'L1 B4 60657214
26Y'L < 009052}/
950621 B eg61 6z
06052 L= 5] S oz)
€215 1 < o 1729921
8926 /1 o veeo szl
00€5'2 lo 7 611662}
5675 L Lo rrlglel
G695/ - YL & 98169 L]
769G L yoee [ M see5 /1|
G815 L z Wﬁmi Fe oros'ecl
5885 L = 601 Z
0969'/ — jleo
6660, wimm.m kS T 0szLSLL —
SSILL = 102 o
S6LLL — &%
6108, ™
3
a = =
oz 2 3
7 O oA 3
&) b4
- -
-

1 (ppm)

BC NMR spectra (101 MHz, Chloroform-d) of 6d




1759'9
69599 LS
Lv19'9
51199
£628'0
0.28'9
8E78'9
SIP8'9
1298'9 o
0128'9 S
588'9
2168'0
0826'9 L2
11€6'9
0276'9
V16’9 0
7156'9 _ =
7096'9
1£96'9
€996'9 Le
00/6'9 o
$800'L
9€20'L
LIT0'L e
0EP0'L
1970'L

T
0.0

€1000 L0v.L'9L

S120

8090/ o
1190, N
9v10'L
SLLOL
5180/ Le
vE80'L @ “
€480, °
6760'L AHMT
2860/
ovoL'L o 0
SL01'L Auwrm mimuv
80LL'L >
99211 <
004,
o9vLL
€6yl L Fo
€esl L
119V —
9691/ 1
v
VS
oviz i
181221 Le
5267 L] €
67211
187 /1
6252 L1 i
€000 24521 iRt
0611
2681
846€ L7
1207 1

T T 00T

€1000¢csLeLL

IL8Y'ELL
6LYOSLL
6LLS LI
1SSL°LLL
16€€6LL
5561611
TLEBOT )
¥Z96°0Z |
SPREETL
ceLe ey
670947 |
2805521
168582 1
267.L82)
05252 b~
SZI9EEl
606.°€E b
LEOB'EY L\
ZreY'Sy L~
€099°97 1~
£06925 b\
€862 ¥51—
£209'55 1

® r:l‘—
fN)
T
4.0
1 (ppm)

A

'H NMR spectra (400 MHz, Chloroform-d) of 8

FZ2021NNO. 1. fid
~
©
N
©
il
8

100 90

1 (ppm)

110

T

120

130

140

150

BC NMR spectra (101 MHz, Chloroform-d) of 8

210




10000

OCH 0€89°}

1ze89
G9¢89
£€V89
L1p89
v.26'9
01€6'9
99v6'9
10569
65969
G696'9
094072
8€60°L
046072
€.01°L
yOLL'L
y9cl’L
v6clL'L
vevl'L
6251°L
189L°L
LeLlL
G/81°L
916172

€1000 865¢CL

FZN-N. 1. fid

€8¢,
Ge8es
CL6EL
0z2ov'L
G60V°L
LEVYL
oley'L
Gecy'L
9ger’L
[440 A
¥ez9'L
9929,
[44NA
€99,

)
7

1
w

QN = .AU
@m nfﬁ/v

- €19

£1 (ppm)

'H NMR spectra (400 MHz, Chloroform-d) of 9

€1000 L9€L°9L

T T P TI0

€10a0 8LLELL

918v'ElL
PSSL LI
S6EE 6L

Sregori~
BLITVTL
950921
985821
95eG Tl 7
zelgeel

Le08°erl—

085C7G I~
8209651

A

T T T T T
160 150 140 130 120

170

1 (ppm)

*C NMR spectra (101 MHz, Chloroform-d) of 9

S121



OSING 68ES'Zq
OSIQ rers e
OSINa 18752
OSINa 62552
OSING G852
OCcH vrer'e
OCH SYEY'€
G6L6Y
72959
911691
99859
80659
750991
960991
88C.'91

€2EL 9

RAZA)
225.'91
8€6L°91
716197
€718°91
611897
91989
¢198'91
G118'9
91889
118891
716891
695691
G096'9
16.6'9
€6.6'9

FZ20211009-1.1.fid

NH.

Br

sne

10

J

1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 10

OSING L59€'6€
OSING SELS'6E
OSINa €28.L°6€
OSING 8166'6€
OSING 9002 0%
OSINa v80v 0F
OSINa z.19° 0%

2eeBTHA
LEBEQLL
vees oLl ~
oLizgll

veLooeL
028972L-]
1622621

%mm.mﬁw
6698'€EL

GE0S 0L~
1210TrL

crscrsl—

NH,

10

z
o

T

T
120

130

T

T T
170 150

180

T

190

90

100
f1 (ppm)

140 110

160

200

210

3C NMR spectra (101 MHz, Chloroform-d) of 10

S122



OSINa GL06C—

NH

Sas

OCH €686'C—

8967 —

01859
66659
68199
12€8'9
92689
¢r06'9
LET6'9
£056'9~¢
10,69
76869
§820°L
89v0°L
€990°L
890€'L
09¢e'L
€GveL

13

Fooz

7o'k

S0k
(U
0L'e
SLL

H/mo.m

f1 (ppm)

"H NMR spectra (400 MHz, Chloroform-d) of 13

OSINa g6.€'6€
OSINQ 6585'6€
OSIa Lv6L'6E
OSINa LE00 0%
OSWa§Lizor
OSINa S0y or
OSINa Zog9 or

Gclyall
ro_‘os:v
Nmmo.ni\
wnmm.omf\
ces9eel
0vLg6Cl
Nfﬁ.omf\

8Y90° Lyl ~
Leooerl

ObL'8SE—

id

NH,

13

Pel
O

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 100 90
f1 (ppm)

T
210

BC NMR spectra (101 MHz, Chloroform-d) of 13

S123



