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I. General Information

Unless otherwise noted, materials were purchased from commercial suppliers and used without
further purification. Except for the specially mentioned dry solvent, all the solvents were treated
according to general methods. All the reactions were monitored by thin-layer chromatography
(TLC) and were visualized using UV light. The product purification was done using silica gel
column chromatography. Thin-layer chromatography (TLC) characterization was performed with
precoated silica gel GF254 (0.2 mm), while column chromatography characterization was
performed with silica gel (100-200 mesh). *H NMR, *C NMR and *F NMR spectra were
recorded with tetramethylsilane (TMS, 6 = 0.00 ppm) as the internal standard. 'H NMR spectra
were recorded at 400 or 600 MHz (Varian), *C NMR spectra were recorded at 100 or 150 MHz
(\Varian) .Chemical shifts are reported in ppm downfield from CDCl; (6 = 7.26 ppm) or DMSO-ds
(8 = 2.50 ppm; H,0 signal was found at & = 3.34 ppm) for ‘H NMR and chemical shifts for **C
NMR spectra are reported in ppm relative to the central CDCl3 (8 = 77.0 ppm) or DMSO-ds (8 =
39.6 ppm). Coupling constants were given in Hz. The following notations were used: br—broad, s—
singlet, d— doublet, t-triplet, g—quartet, m—multiplet, dd—doublet of doublet, dt—doublet of triplet,
td-triplet of doublet, ddd—doublet of doublet of doublet. Melting points were measured with
YRT-3 melting point apparatus (Shantou Keyi Instrument & Equipment Co., Ltd., Shantou, China).
X-ray analysis was performed with a single-crystal X-ray diffractometer. N-nitrosoanilines™ and
cyclopropenones[zl were prepared according to literatures.

I1. Experimental Information

(a) Optimization of chalcones synthesis

0
N_ .0 Catal., Ag salt, additive
oA - &
Ph Ph Solv. T, 24 h ©)‘\[
Ph
1a 2a 3a
1) Optimization of catalysts?®
Entry Catal. Ag salt additive Solv. Temp. y Yield ®
1 [RhCp*Cl,], AgSbFs  4AMS DCM 100°C 70%
2 [Ru(p-cymene)Cl;]. AgSbFg 4 AMS DCM  100°C <5%
3 [IrCp*Cl;], AgSbFe 4 AMS DCM  100°C 5%
4 CoCp* (CO)l, AgSbFe 4 AMS DCM  100°C <5%
5 [CoCp*Cl,], AgSbFe 4 AMS DCM  100°C -
6 [CoCp* (OAC) 2], AgSbF 4AMS DCM 100°C -
7

CoCp*(MeCN) 5(SbFg),  AgSbFs 4 AMs DCM 100°C -




8 Pd(OAC), AgSbFg 4 AMS DCM  100°C 5%
9 Ni(COD), AgSbFg 4 AMS DCM  100°C -
10 Mn(acac)s AgSbFe 4 AMS DCM  100°C -

2Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg),
in DCM (1.0 mL) at 100°C under air in sealed tube for 24 h; ® Isolated yields.

2) Optimization of Rh catalyst*®

Entry Catal. Agsalt  additive  Temp. time vy Yield®

1 [RhCp*Cl,], AgSbFs  4AMS  100°C  24h 70%
2 [RhCp*(OAC),], AgSbFs  4AMS 100°C  24h 76%
3 [Rh(COD)CI], AgSbFs  4AMS  100°C  24h <5%
4 RhCp*(MeCN)3(SbFs) » - 4AMS  100°C  24h 75%
5 [Rh(OACY)]2 AgSbFs  4AMS  100°C  24h 6%

6 [RhCp*Cl,], AgSbFg - 100°C  24h <5%
7 -- AgSbFs  4AMS  100°C  24h <5%

2Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg),
in DCM (1.0 mL) at 100°C under air in sealed tube for 24 h; ® Isolated yields.

3) Optimization of Ag salts*®

Entry Cat. Ag salt Add. Solv. yield
1 [RhCp*(OAC),]2 AgSbF 4 AMS DCM 76%
2 [RhCp*(OAC),], AgBF, 4 AMS DCM 85%
3 [RhCp*(OAC),]> AgOAC 4 AMS DCM <5%
4 [RhCp*(OAC),]> Ag,CO; 4 AMS DCM <5%
5 [RhCp*(OAC),]2 AgNTf, 4 AMS DCM 67%
6 [RhCp*(OAC),]2 AgNO; 4 AMS DCM <5%
7 [RhCp*(OAC),]2 AgOTf 4 AMS DCM 53%
8 [RhCp*(OAC),]2 - 4 AMS DCM <5%

2Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg),
in DCM (1.0 mL) at 100°C under air in sealed tube for 24 h; ® Isolated yields.

4) Optimization of sovlents?

Entry Cat. Ag salt Add. Solv. yield
1 [RhCp*(0OAC) 1] » AgBF, 4 AMS DCM 85%
2 [RhCp*(OAC) 5] » AgBF, 4 AMS DCE 80%
3 [RhCp*(OAC) 2] » AgBF, 4 AMS Tol <5%
4 [RhCp*(OAC) 5] AgBF, 4 AMS PhClI 0%
5 [RhCp*(OAC) 5] » AgBF, 4 AMS EtOH 60%
6 [RhCp*(OAC) 2] » AgBF, 4 AMS THF <5%
7 [RhCp*(OAC) 5] AgBF, 4 AMS HFIP 65%
8 [RhCp*(OAC) 5] » AgBF, 4 AMS MeCN 65%
9 [RhCp*(OAC) 5] » AgBF, 4AMS  PEG/H,O(viv=1:3)  32%

2Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg)
at 100°C under air in sealed tube for 24 h; ° Isolated yields.
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5) Optimization of additive *

Entry Cat. Ag salt Add. Solv. Temp. time vyield
1 [RhCp*(0AC) 1] AgBF, 4 AMS DCM  100°C  24h  85%

2 [RhCp*(OAC) 2] 2 AgBF, Si0, DCM  100°C  24h  65%

3 [RhCp*(OAC) 2] 2 AgBF, Al,O3 DCM  100°C  24h  60%

4 [RhCp*(OAC) 2] 2 AgBF,  SBA-15° DCM  100°C  24h  <5%

6 [RhCp*(OAC) 2] 2 AgBF, BN-OH DCM  100°C  24h  <5%

7 [RhCp*(OAC) 2] 2 AgBF, GO DCM  100°C  24h  <5%
[RhCp*(OAC) 2] 2 AgBF, - DCM  100°C  24h  <5%

# Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), addictive (60 mg),
in DCM (1.0 mL) at 100°C under air in sealed tube for 24 h; ® Isolated yields; ¢ Titanium doped silica mesoporous
SBA-15, <150 mum particle size, pore size 4 nm, Hexagonal pore morphology.

6) Optimization of equivalents *

Entry la:2a Cat. Ag salt 4 AMS yield
1 1.2:1 0.05eq 0.2eq 60mg 85%
2 11 0.05eq 0.2eq 60mg 60%
3 1:1.2 0.05eq 0.2eq 60mg 60%
4 1:1.2 0.04eq 0.16eq 60mg 70%
5 1:1.2 0.02eq 0.08eq 60mg 65%
6 1:1.2 0.05eq 0.2eq 20mg <5%
7 1:1.2 0.05eq 0.2eq 40mg <5%
8 1:1.2 0.05eq 0.2eq 80mg 55%
9 1:1.2 0.05eq 0.2eq 90mg 50%

2Reaction conditions: 1a, 2a, Catal. (5 mol %), AgBF, (20 mol %), 4 AMS in DCM (1.0 mL) at 100°C under
air in sealed tube for 24 h; ® Isolated yields.

7) Optimization of Temperature®

Entry Cat. Ag salt Add. Solv. Temp. time  vyield
1 [RhCp*(OAC) 2], AgBF, 4AMS DCM  100°C  24h  85%
2 [RhCp*(OAC) 1], AgBF, 4AMS DCM 80°C 24h  91%
3 [RhCp*(OAC) 5], AgBF, 4AMS  DCM 60°C 24h  79%
4 [RhCp*(OAC) 5], AgBF, 4AMS  DCM 45°C 24h  40%
6 [RhCp*(OAC) 5], AgBF, 4 AMS DCM 30°C 24h  <5%
7 [RhCp*(OAC) 5], AgBF, 4AMS DCM  120°C  24h  80%

Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg),
in DCM (1.0 mL) under air in sealed tube for 24 h; ® Isolated yields.



(b) Optimization of the reaction quinolone #

I (o]

N Ph
N_ O Catal., Ag slat, 4 AMS
N . _ |
Ph Ph iti Ph
additive, Solv. T, 24 h

o
1a 2a 4a
Entry Cat. Ag salt Add. Solv.  Temp. Time  Yield®

1 [RhCp*(OAc),], AgBF, Cu(OAc), DCM 100°C 24h <5%
2 [RhCp*(OAc);], AgBF;  Cs,CO;  DCM  100°C 24h <5%
3 [RhCp*(OAc);]. AgBF, AdCOOH DCM  100°C 24h <5%
4 [RhCp*(OAc),].  AgBF, HOAc DCM  100°C 24h <5%
5 [RhCp*(OAc).].  AgBF4 HOPiv DCM  100°C 24h <5%
6 [RhCp*(OAc);].  AgBF,  NaOAc  DCM  100°C 24h <5%
7 [RhCp*(OAc);].  AgBF, ZnCl, DCM  100°C 24h <5%
8 [RhCp*(OAc);].  AgBF, NaF DCM  100°C 24h <5%
9 [RhCp*(OAc);].  AgBF, AlCl; DCM  100°C 24h <5%

10 [RhCp*(OAc)l, AgBF,  NaOPiv. DCM  100°C  24h <5%

11 [RNCp*(OAc)l.  AgBF, - DCM  120°C  24h 11%
12 [RNCp*(OAc)l.  AgBF, - DCM  120°C  48h 13%
13 [RNCp*(OAc) . AgShe - DCM  120°C 24h <5%
14 [RhCp*(OAc),].  AgNTH; - DCM  120°C 24h 63%
15 [RhCp*(OAc)l.  AgNOs - DCM  120°C 24h <5%
16 [RNCp*(OAc)l.  AgOTf - DCM  120°C 24h <5%
17 [RhCp*(OAc)l. AgNTf - DCE  120°C  24h 83%
18 [RhCp*(OAc),].  AgNTH; Tol 120°C  24h <5%
19 [RNCp*(OAc)]. AgNTf, NaOPiv  DCE  120°C  24h 75%
20 [RNCp*(OAc)].  AgNTf,  HOPiv DCE  120°C  24h 74%
21 [RNCp*(OAc)]. AgNTf, CsOAc ~ DCE  120°C  24h 69%

Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %),4 AMS (60 mg),
addictive (0.2eq),solvent (1.0 mL) under air in sealed tube; ° Isolated yields;



(c) Optimization of the indoles synthesis

o

N\N,,O || Catal., Ag slat, additive ©i\|(Ph

©/ Ph Ph Solv. T, 24 h Ph
1a 2a 5a

1) Optimization of catalyst

Entry Cat. Agsalt  Add. Solv. Temp. Time Yield®
1 [RhCp*Cl,], AgBF, 4AMS DCM 100°C 24h  <5%
2 [RhCp*(OAC),]2 AgBF, 4AMS DCM 100°C  24h <5%
3 [Rh(COD)CI], AgBF, 4AMS DCM 100°C 24h  15%
4 RhCp*(MeCN); (SbFg),  AgBF, 4AMS DCM 100°C  24h  <5%
6 [Rus(CO)1] AgBF, 4AMS DCM 100°C 24h  <5%

2Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %),4 AMS (60 mg), in

DCM (2.0mL) under air in sealed tube; ° Isolated yields;

2) Optimization of Ag slats®

Entry Cat. Ag salt Add. Solv. Temp. Time Yield b
1 [Rh(COD)CI];, AgNTf, 4AMS DCM 100°C 24h <5%
2 [Rh(COD)CI];, AgOTf, 4AMS DCM 100°C 24h <5%
3 [Rh(COD)CI]; AgOAc 4AMS DCM 100°C 24h <5%
4 [Rh(COD)CI]; Ag,CO3 4AMS DCM 100°C 24h <5%
6 [Rh(COD)CI]; AgShFg 4AMS DCM 100°C 24h 15%
7 [Rh(COD)CI], AgSbFs(0.1eq) 4AMS DCM 100°C  24h 15%
8 [Rh(COD)CI];, AgSbF(0.3eq) 4AMS DCM 100°C 24h 12%
9 [Rh(COD)CI]; AgSbF(0.3eq) - DCM 100°C 24h <5%

2Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %), 4 AMS (60 mg), in
DCM (2.0 mL) under air in sealed tube; ° Isolated yields;

4) Optimization of temperature *

Entry Cat. Ag salt Add. Solv. Temp. Yield "
1 [Rh(COD)CI]; AgSbFg 4 AMS DCM 80°C <5%
2 [Rh(COD)CI]; AgSbFg 4 AMS DCM 110°C 19%
3 [Rh(COD)CI], AgSbFg 4 AMS DCM 120°C 35%
4 [Rh(COD)CI]; AgSbFg 4 AMS DCM 130°C 28%
6 [Rh(COD)CI];, AgSbFg 4 AMS DCM 150°C 18%

2Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (20 mol %),4 AMS (60 mg), in
DCM (2.0 mL) under air in sealed tube; ° Isolated yields;

5) Optimization of addictive and solvents *

Entry

Cat.

Ag salt Add.

Solv.

Temp.

Time

Yield

1

[Rh(COD)CI],

AngF6 Cs,CO3

5

DCM

80°C

24h

<5%



2 [Rh(COD)CI], AgSbFs  Cu(OAc)»H,0  DCM  120°C  24h  10%
3 [Rh(COD)CI],  AgSbFe PivOH DCM  120°C  24h  16%
4 [Rh(COD)CI],  AgSbFe NaOAc DCM  120°C  24h 8%
6 [Rh(COD)CI],  AgSbFs CsF DCM  120°C  24h  11%
7 [Rh(COD)CI],  AgSbFe Al,O4 DCM  120°C  24h  14%
8 [Rh(COD)CI],  AgSbFe DCM  120°C  24h  15%
9 [Rh(COD)CI],  AgSbFe - DCE 120°C  24h  14%
10  [Rh(COD)CI],  AgSbFg - MeOH 120°C  24h  <5%
11 [Rh(COD)CI],  AgSbFg - Tol  120°C  24h  <5%

2 Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catal. (5 mol %), Ag salt (10 mol %),4 AMS (60 mg),

addictive (0.2eq) in solvent(2.0 mL) under air in sealed tube; ° Isolated yields;

6) Optimization of mixture catalysts ®

Entry Cat.l Cat.2 Add. Solv. Temp. time vyield
1 [RhCp*Cl,], Pd(OAC), 4 AMS DCM 120 °C 24h <5%
2 [RhCp*Cl,], Al,O3 4 AMS DCM 120 °C 24h <5%
3 [RhCp*Cly], Ru3(CO)12 4 AMS DCM 120°C 24h 45%
4 [RhCp*Cl];  uv(200-400nm) 4AMS DCM  120°C  24h  45%
5 [RhCp*Cly], [Rh(COD)CI], 4 AMS DCM 120°C 24h 65%
6 [RhCp*Cl], CoD 4 AMS DCM 120°C 24h <5%
7 Cp* [Rh(COD)CI], 4 AMS DCM 120°C 24h 18%
8° [RhCp*Cly], [Rh(COD)CI], 4 AMS DCM 120°C 24h 37%
9 [RhCp*Cl;], [Rh(COD)CI], 4 AMS DCM 120°C  36h  73%

10 - [Rh(COD)CI], 4 AMS DCM 120°C 24h 42%
11° - [Rh(COD)CI], 4 AMS DCM 120°C 24h 41%

 Reaction conditions: 1a (0.12 mmol), 2 (0.1 mmol), Catalyst 1 (5 mol %), Catalyst 2 (5 mol %), Ag salt (10
mol %),4 AMS (60 mg), addictive (0.2eq) in solvent (2.0 mL) under air in sealed tube; ° Isolated yields; ©
[RhCp*Cl,], (2.5 mol %), [Rh(COD)CI], (2.5 mol %); ¢ [Rh(COD)CI], (10 mol %); {[Rh(COD)CI], (20 mol %).

(d) General procedure for the synthesis of products 3 (3a as an example).

[RhCp*(OAc),], AgBF,

4 AMS, DCM, 80 °C, 24 h
1a 2a Condition A 3a

N-nitrosoaniline 1a (0.12 mmol), diphenylcyclopropenone 2a (0.10 mmol), [RhCp*(OAc)].
(0.005 mmol), 4 AMS (60 mg) and AgBF, (0.02 mmol) were charged into a pressure tube, to
which was added DCM (1.0 mL) under air. The test tube was sealed with a rubber septum and the
reaction mixture was stirred at 80 T for 24 h. After cooled to room temperature, the solvent was
removed under reduced pressure and the residue was purified by silica gel chromatography using
PE/EA to afford compound 3a as yellow oil.



(e) General procedure for the synthesis of products 4 (4a as an example).

l!l o o [RhCp*(OAc),], AgNTf, N___Ph
“N? . H - |
Ph Ph 4 AMS, DCE, 120 °C, 24 h Ph
Condition B
1a 2a 4a

N-nitrosoaniline 1a (0.12 mmol), diphenylcyclopropenone 2a (0.10 mmol), [RhCp*(OAC),].
(0.005 mmol), 4 AMS (60 mg) and AgNTf, (0.02 mmol) were charged into a pressure tube, to
which was added DCE (1.0 mL) under air. The test tube was sealed with a rubber septum and the
reaction mixture was stirred at 120 <C for 24 h. After cooled to room temperature, the solvent was
removed under reduced pressure and the residue was purified by silica gel chromatography using
PE/EA to afford compound 4a as a yellow solid.

(f) General procedure for the synthesis of products 5 (5a as an example).

o)
N_ O [RhCp*Cl,],, [Rh(COD)CI],, AgSbFg N_ _Ph
Ph Ph

4 AMS, DCM, 120 °C, 36 h Ph

1a 2a Condition C 5a

N-nitrosoaniline 1a (0.12 mmol), diphenylcyclopropenone 2a (0.10 mmol), [Cp*RhClI;], (0.005
mmol), [Rh(COD)CI], (0.005 mmol), 4 AMS (60 mg) and AgSbFg (0.01 mmol) were charged into
a pressure tube, to which was added DCM (2.0 mL) under air. The test tube was sealed with a
rubber septum and the reaction mixture was stirred at 120 <C for 36 h. After cooled to room
temperature, the solvent was removed under reduced pressure and the residue was purified by
silica gel chromatography using PE/EA to afford compound 5a as a yellow solid.

(g) Gram-scale production of quinolone 4a

N_ .0 Condition B NP
N + > |
Ph Ph Ph
o
1a 1.6g 2a 2.1g 4a 249 76 % yield

N-nitrosoaniline 1la (12 mmol, 1.6 g), diphenylcyclopropenone 2a (10 mmol, 2.1 g),
[RhCp*(OAC),]» (0.5 mmol, 0.33 g), 4 AMS (6.0 g) and AgNTf, (2 mmol, 0.77 g) were charged
into a pressure tube, to which was added DCE (100 mL) under air. The test tube was sealed with a
rubber septum and the reaction mixture was stirred at 120 <C for 28 h. After cooled to room
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temperature, the solvent was removed under reduced pressure and the residue was purified by
silica gel chromatography using PE/EA to afford compound 4a as a yellow solid in 76% yield.

II1. Mechanistic Studies

(a) The mechanistic studies of chalcones synthesis

1) Deuterium exchange experiments

, @D

H/D
| [RhCp*(OAC),],, AgBF, |

NJ /0 NJ ’/o
o - o
4 AMS, DCM, 80 °C, 24 h b < (70% b
1d CD,0D 1d-dn

N-nitrosoaniline 1d (0.10 mmol), [Cp*Rh (OAC) 2]. (0.005 mmol), 4 AMS (60 mg) and AgBF,
(0.02 mmol) were charged into a pressure tube, to which was added CD;OD (0.1mL) and DCM
(0.9 mL) . The reaction mixture was stirred at 80 <C for 24 h. After cooled to rt, the solvent was
removed under reduced pressure and the residue was purified by silica gel chromatography using
PE/EA to afford compound 1d-d, as yellow oil. The deuterium incorporation was determined to be
70% by 'H NMR method. "H NMR (400 MHz, Chloroform-d) & 7.42 (d, J = 8.8 Hz, 0.6H), 7.28
(d, J =8.8 Hz, 2H), 3.44 (s, 3H), 2.40 (s, 3H).

L
- f HyD
H1 Ha
4 N

—_— T T T
7.51 7.50 7.49 7.48 7.47 7.46 7.45 7.44 7.43 7.42 7.41 7.40 7.39 7.38 7.37 7.36 7f.;ss( 7.34]. 7.33 7.32 7.31 7.30 7.29 7.28 7.27 7.26 7.25 7.24 7.23 7.22 7.21 7.20 7.19 7.18 7.1
ppm



2) Competition experiments

(o}
| N
N\ //O \N/ (o]
N o Ph
ll [RhCp*(OAc),], AgBF,
+ ’
1d ) Ph
I Ph Ph 4 AMS, DCM, 80°C, 12 h o
N\N//O \_X_:
o 2a X =Me or COOMe
e
3d/3h = 2:1

1h

A mixture of 1d (0.1 mmol), 1h (0.1 mmol), cyclopropenone 2a (0.2 mmol), [Cp*Rh(OACc),], (5
mol %), AgBF, (20 mol%), 4 A MS (60 mg) were dissolved in DCM (1 mL) in a pressure tube under
air. The reaction mixture was stirred at 80<C for 12 h. After that, the solvent was removed under
reduced pressure and the residue was purified by silica gel chromatography using PE/EA to afford 3d
and 3h, which were characterized by 'H NMR spectroscopy.

-
1

T T T T T T T T T T T T T T T T T
4.2 4.1 4.0 39 3.8 3.7 36 35 3.4 3.1 3.0 29 2.8 2.7 2.6 2 24 23 2.2

3 3.2
1 (ppm)

3) Kinetic isotope effect of the transformation

i) Experimental procedure for the synthesis of 1a-ds

D D | D I
0,
D Br Cu power (5mol%) D NH HCI, MeCN/H,O D N‘N”O
+ CH3NH2 —_— >
D D 0 D D

P b 100 °C, 20 h, Air i NaNO, 07°C. 1h

D D

1a'd5

Bromobenzene-ds (5 mmol, 0.805 g), 30 % aqueous methylamine solution (2.7 mL, 25 mmol),
copper power (0.016 g, 5 mol %) was combined in a 30 mL screwed sealed tube and placed in an
oil bath under Air atmosphere. The reaction mixture was magnetically stirred and heated to 100 C
for 12 h. When the reaction completed or underwent to the time, the reaction mixture was cooled
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to room temperature and ethyl acetate (20 mL) was added to extract the product. The organic layer
was separated and the aqueous layer was extracted by ethyl acetate (3<L0 mL). The combined
organic phase was washed with brine and dried over Mg,SO,. The organic layer was evaporated in
vacuum and the crude product was purified by flash column chromatography (Petroleum ether
/EtOAC = 10:1) to give N-methylbenzen-d5-amine (600 mg) in 85% yield, '"H NMR (400 MHz,
Chloroform-d) § 2.85 (s, 3H). 1a-ds was prepared according to literatures®: red-brown oil,
yield 84%, 'H NMR (400 MHz, Chloroform-d) & 3.46 (s, 3H).

SYS8-19072302_H1_CDCI3_2019-7-23.10.fid
@
o

285

~
|

3.001

T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
1 (ppm)

10
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SYS5-19072406_H1_CDCI3_2019-7-24.80.fid
@

3.46

N
~
|

T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

ii) Kinetic isotope effect

[RNCp*(OAC),], AgBF, o
> | KH/KD=1 2
Ph

D r!l\N//O Ph 4 AMS, DCM, 80 °C, 5 h Ph
2a 3al3a-d,
D D 1a'd5

Two pressure tubes were separately charged with 1a and la-ds (0.12 mmol), and to each tube
was added cyclopropenone 2a (0.1 mmol), [Cp*Rh(OAc),], (5 mol %), AgBF, (20 mol%), 4 A
M.S. (60 mg), DCM (1 mL). The two reaction mixtures were stirred side by side in an oil bath
preheated at 80 °C for 5h. The resulting mixtures in the two tubes were rapidly combined and the
solvent was rapidly removed under reduced pressure. The resulting residue was purified by silica
gel chromatography using EA/PE to afford the mixture products. The KIE value was determined
to be kH/kD= 1.2 on the basis of "H NMR analysis.
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4) The synthesis of Rh(l11) specie A

| 1) [RhCp*(OAc),], AgBF,, |

N\Nz,O 4AMS, DCM, 80 °C, 24 h N \Z°
/©/ > th |
- 2) NaCl, MeOH, rt, 3h E .

[RhCp*(OAC),]; (0.1 mmol), AgBF, (0.2 mmol), 4 AMS (60mg) and 1f (0.05 mmol) were
dissolved in DCM (1 mL) in a pressure tube under air. The reaction mixture was stirred at 80 <C
for 24 h. After that, the solvent was removed under reduced pressure and the residue was purified
by silica gel chromatography using PE/EA to afford Rh(I11) specie A, which was characterized by
'H NMR spectroscopy. *"H NMR (400 MHz, Chloroform-d) 5 7.4 (d, J = 8.0, 1H), 7.0 (d, J = 8.0,
1H), 6.8 (d, J = 8.0, 1H), 3.6 (s, 3H), 1.7 (s, 15H).
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5) The catalytic activity study of Rh(I11) specie A

0
N
| 2a \N/ (o}
N‘N/’o Rh(lll) species A (10 mol%) Ph
o - |

F 4 AMS, AgBF, Ph

DCM, 80 °C, 24 h F
1e 3e yield 90%

N-nitrosoaniline 1e (0.12 mmol), diphenylcyclopropenone 2a (0.10 mmol), Rh(111) specie A (0.01
mmol), 4 AMS (60 mg) and AgBF, (0.02 mmol) were charged into a pressure tube, to which was
added DCM (1.0 mL) under air. The test tube was sealed with a rubber septum and the reaction
mixture was stirred at 80 <C for 24 h. After cooled to room temperature, the solvent was removed
under reduced pressure and the residue was purified by silica gel chromatography using PE/EA to
afford compound 3e in 90% vyield.

(b) The mechanistic studies of indoles synthesis

1) Deuterium exchange experiments

26% D
P

I [Cp*RhCl,],, [Rh(COD)CI], WP o

N_ 20 N
/©/ " g "
AgSbFs, 4 AMS,
9P /D =< (26% D

DCM, 120 °C, 24 h
1f CD;0D 1f-d,

N-nitrosoaniline 1f (0.10 mmol), [Cp*RhCl,], (0.005 mmol), [Rh(COD)CI], (0.005 mmol), 4
AMS (60 mg), AgSbFs (0.01 mmol) were charged into a pressure tube, to which was added
CD30D (0.1mL) and DCM (1.9 mL). The reaction mixture was stirred at 120<C for 24 h. After
cooled to rt, the solvent was removed under reduced pressure and the residue was purified by
silica gel chromatography using PE/EA to afford compound 1f-d, as a yellow oil. The deuterium
incorporation was determined to be 26% by 'H NMR method, confirming that the initial
ortho-C-H metalation was reversible.
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N_ 20
N 2a DCM, 120 °C, 36 h
\0 X = Me or COOMe
1j

5i/5j=3.7 : 1

A mixture of 1i (0.1 mmol), 1j (0.1 mmol), cyclopropenone 2a (0.2 mmol), [Cp*RhCl,], (0.005
mmol), [Rh(COD)CI], (0.005 mmol), 4 AMS (60 mg), AgSbFg (0.01 mmol) and DCM (2.0 mL)
were charged into a pressure tube under air. The reaction mixture was stirred at 120<C for 36 h.
After that, the solvent was removed under reduced pressure and the residue was purified by silica
gel chromatography using PE/EA to afford 5i and 5j, which were characterized by 'H NMR
spectroscopy. The competition reaction determined the reaction favored the electron-withdrawing
N-nitrosoaniline.
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3) Kinetic isotope effect of the transformation

N, 20
N
©/ 1a |
o [Cp*RhCl,],, [Rh(COD)CI], N_ _Ph
o !! - m KH/KD=3.6

5 ,L\N//o Ph Ph AgSbFe, 4 AMS, Ph
o]
”e DCM, 120 °C, 11 h safsa-d,
D D 4a-ds

Two pressure tubes were separately charged with 1a and la-ds (0.12 mmol), and to each tube
was added cyclopropenone 2a (0.1 mmol), [Cp*RhCl,], (0.005 mmol), [Rh(COD)CI], (0.005
mmol), 4 AMS (60 mg), AgSbFs (0.01 mmol) and DCM (2.0 mL)were charged into a pressure
tube. The two reaction mixtures were stirred side by side in an oil bath preheated at 120 °C for 11h.
The resulting mixtures in the two tubes were rapidly combined and the solvent was rapidly
removed under reduced pressure. The resulting residue was purified by silica gel chromatography
using EA/PE to afford the mixture products. The KIE value was determined to be kH/kD= 3.6 on
the basis of "H NMR analysis, suggesting that the C—H cleavage of N-nitrosoaniline was probably
involved in the rate-limiting step.

072 g
3

10.32%

2.01 {

T T T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 3.5
1 (ppm)

4) The catalytic activity study of Rh(Ill) specie A

2a
r!l\ .0 Rh(lll) species A (10 mol%) r!l Ph
o - L
F [Rh(COD)CI],, AgSbFg, 4 AMS  F Ph
19 DCM, 120 °C, 36h 5g yield 77%

N-nitrosoaniline 1g (0.12 mmol), diphenylcyclopropenone 2a (0.10 mmol), Rh(l11) specie A
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(0.01 mmol), [Rh(COD)CI]; (0.005 mmol), 4 AMS (60 mg), AgSbFs (0.01 mmol) and DCM (2.0
mL) were charged into a pressure tube under air. The test tube was sealed with a rubber septum
and the reaction mixture was stirred at 120 <C for 36 h. After cooled to room temperature, the
solvent was removed under reduced pressure and the residue was purified by silica gel
chromatography using PE/EA to afford compound 5g in 77% vyield, demonstrating that such
rhodacycles A could be involved in the catalytic formation of indole product.

IV. Characterization Date of Products

N-(2-(2,3-diphenylacryloyl)phenyl)-N-methylnitrous amide (3a): yield 91%, yellow oil. E/Z =
12 : 1. '"H NMR (400 MHz, Chloroform-d) & 7.68 (d, J = 7.7 Hz, 1H), 7.63 (t, J = 7.7 Hz, 1H),
7.52 (t,J =7.7 Hz, 1H), 7.37-7.31 (m, 5H), 7.23-7.17 (m, 1H), 7.16-7.09 (m, 4H), 6.96 (d, J=7.5
Hz, 2H), 3.33 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 196.1, 143.7, 140.8, 140.3, 135.3,
135.1, 134.5, 131.2, 130.8, 130.3, 130.1, 129.6, 128.8, 128.4, 128.1, 128.1, 122.7, 34.4. HRMS
(ESI): m/z calculated for CH19N,0, [M+H]": 343.1441, found: 343.1443.

Z “Ph

N-(2-(2,3-diphenylacryloyl)phenyl)-N-ethylnitrous amide (3b): yield 84%, yellow oil. E/Z =5 :
1. *H NMR (400 MHz, Chloroform-d) & 7.67-7.59 (m, 2H), 7.51 (t, J = 7.1 Hz, 1H), 7.40-7.29 (m,
6H), 7.17-7.13 (m, 6H), 7.03 (d, J = 7.4 Hz, 1H), 6.95 (d, J = 7.5 Hz, 2H), 3.93 (g, J = 7.2 Hz, 2H),
1.13 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, Chloroform-d) § 196.2, 144.1, 140.9, 139.3, 135.5,
135.5, 134.5, 131.0, 130.8, 130.3, 130.0, 129.6, 128.8, 128.3, 128.1, 128.0, 123.1, 41.7, 11.7.
HRMS (ESI): m/z calculated for C3H2N,0, [M+H]": 357.1598, found: 357.1599.

o

Zz=

Bn
(o}

Z “Ph
Ph

N-benzyl-N-(2-(2,3-diphenylacryloyl)phenyl)nitrous amide (3c): yield 92%, yellow oil. E/Z =
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5: 1. 'H NMR (400 MHz, Chloroform-d) § 7.66-7.62 (m, 1H), 7.47-7.44 (m, 2H), 7.42-7.38 (m, 1H),
7.37-7.29 (M, 6H), 7.23-7.15 (m, 7H), 7.15-7.10 (m, 3H), 7.07 (dd, J = 6.7, 2.8 Hz, 2H), 6.95 (d, J =
7.5 Hz, 2H), 5.07 (s, 2H). *C NMR (100 MHz, Chloroform-d) & 196.1, 143.7, 140.7, 139.2, 135.3,
134.8, 134.3, 134.1, 130.8, 130.7, 130.1, 129.9, 129.5, 129.1, 128.7, 128.7, 128.2, 128.0, 127.8,
127.7, 123.0, 49.3. HRMS (ESI): m/z calculated for CagH»:N,0, [M+H]": 419.1754, found:

419.1756.
o)
I
‘N~ o
Z “Ph
Ph

N-(2-(2,3-diphenylacryloyl)-4-methylphenyl)-N-methylnitrous amide (3d): yield 92%, yellow
solid, m.p. 92 - 94°C. E/Z = 14 : 1. "H NMR (400 MHz, Chloroform-d) & 7.47 (s, 1H), 7.43-7.39
(m, 1H), 7.35-7.30 (m, 4H), 7.24 (d, J = 8.0 Hz, 1H), 7.19 (t, J = 7.3 Hz, 1H), 7.15-7.09 (m, 4H),
6.95 (d, J = 7.4 Hz, 2H), 3.30 (s, 3H), 2.47 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 196.3,
143.7, 141.0, 138.5, 137.9, 135.3, 134.9, 134.4, 131.8, 130.7, 130.7, 130.0, 129.6, 128.7, 128.3,
128.1, 122.8, 34.6, 21.2. HRMS (ESI): m/z calculated for Cy3H2; N0, [M+H]": 357.1598, found:
357.1599.

7 “Ph

F

N-(2-(2,3-diphenylacryloyl)-4-fluorophenyl)-N-methylnitrous amide (3e): yield 89%, yellow
oil. '"H NMR (400 MHz, Chloroform-d) & 7.42-7.32 (m, 7H), 7.26-7.20 (m, 1H), 7.18-7.12 (m,
4H), 6.99 (d, J = 7.4 Hz, 2H), 3.32 (s, 3H). **C NMR (100 MHz, Chloroform-d) § 194.6 (d, J =
1.0 Hz), 161.6 (d, J = 251.2 Hz)., 144.4, 140.3, 137.2 (d, J = 6.7 Hz), 136.4 (d, J = 3.2 Hz), 135.0,
134.2, 130.9, 130.0, 130.0, 128.9, 128.4, 128.3, 125.1 (d, J = 8.4 Hz), 118.1 (d, J = 22.9 Hz),
117.2 (d, J = 24.0 Hz), 34.7. HRMS (ESI): m/z calculated for CyH;sFN,O, [M+H]": 361.1347,
found: 361.1349.
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Z "Ph

cl
N-(4-chloro-6-(2,3-diphenylacryloyl)phenyl)-N-methylnitrous amide (3f): yield 53%, yellow
oil. E/Z = 5: 1. '"H NMR (400 MHz, Chloroform-d) & 7.65 (d, J = 2.4 Hz, 1H), 7.58 (dd, J = 8.6, 2.4
Hz, 1H), 7.36-7.31 (m, 5H), 7.29 (s, 1H), 7.23-7.06 (m, 7H), 6.99-6.94 (m, 2H), 3.28 (s, 3H). **C
NMR (100 MHz, Chloroform-d) 8 194.4, 144.1, 140.1, 136.1, 134.8, 133.9, 131.0, 130.8, 130.1,
129.9, 129.7, 129.1, 128.7, 128.3, 128.2, 127.3, 123.6, 34.0. HRMS (ESI): m/z calculated for
C2H15CIN,O, [M+H]": 377.1051, 379.1022 (isotopic peak), found: 377.1054, 379.1031.

o

Z=

~n~

2 “Ph
Ph

o
N-(4-acetyl-2-(2,3-diphenylacryloyl)phenyl)-N-methylnitrous amide (3g): yield 93%, yellow
oil. '"H NMR (400 MHz, Chloroform-d) & 8.20 (d, J = 2.0 Hz, 1H), 8.16 (dd, J = 8.4, 2.0 Hz, 1H),
7.39-7.35 (m, 2H), 7.33-7.28 (m, 3H), 7.22-7.17 (m, 1H), 7.14-7.07 (m, 4H), 6.95 (d, J = 7.3 Hz,
2H), 3.29 (s, 3H), 2.66 (s, 3H). *C NMR (100 MHz, Chloroform-d) 5 196.3, 195.0, 143.4, 143.2,
140.2, 135.9, 135.2, 134.3, 134.1, 130.8, 130.8, 130.6, 130.0, 129.7, 128.7, 128.4, 128.2, 121.3,
33.1, 26.8. HRMS (ESI): m/z calculated for Co4H,1N,03 [M+H]": 385.1547, found: 385.1549.

2 “Ph

COOMe
methyl4-(2,3-diphenylacryloyl)-3-(methyl(nitroso)amino) benzoate (3h): yield 88%, yellow
solid, m.p. 146 - 148°C. *H NMR (400 MHz, Chloroform-d) & 8.33 (d, J =2.0 Hz, 1H), 8.25 (dd,
J = 84, 20 Hz, 1H), 7.39-7.34 (m, 2H), 7.31 (dd, J = 5.0, 1.9 Hz, 3H), 7.24-7.16 (m, 1H),
7.15-7.07 (m, 4H), 7.00-6.92 (m, 2H), 3.97 (s, 3H), 3.30 (s, 3H). ®C NMR (100 MHz,
Chloroform-d) & 194.9, 165.5, 143.5, 143.2, 140.1, 135.0, 134.2, 134.0, 132.1, 131.5, 130.7,
129.9, 129.6, 129.2, 128.6, 128.2 128.1, 121.1, 52.6, 33.1. HRMS (ESI): m/z calculated for
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CasH21N,04 [M+H]": 401.1496, found: 401.1498.

Z “Ph

Cl
F

N-(5-chloro-2-(2,3-diphenylacryloyl)-4-fluorophenyl)-N-methylnitrous amide (3i): yield 58%,
yellow oil. '"H NMR (400 MHz, Chloroform-d) & 7.45-7.30 (m, 7H), 7.22-7.11 (m, 6H), 3.87 (q,
J=72Hz, 2H), 1.11 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, Chloroform-d) § 193.6, 157.0 (d,
J =253.6 Hz ), 1446, 135.9 (d, J = 3.7 Hz ), 134.8, 134.0, 131.1, 130.8, 129.9, 129.8, 128.9,
128.8, 128.3, 128.2, 125.5, 123.5 (d, J =19.1 Hz ), 1180 (d, J = 23.4 Hz ), 41.7, 11.5. HRMS
(ESI): m/z calculated for C»3H19CIFN,O, [M+Na]™: 431.0933, 433.0904 (isotopic peak), found:
431.0936, 433.0912.

0
l!ll

N o

NZ | Z"ph
A Ph

N-(3-(2,3-diphenylacryloyl)pyridin-2-yl)-N-methylnitrous amide (3j): yield 54%, yellow oil.
E/Z = 3: 2. "H NMR (400 MHz, Chloroform-d) & 8.44 (d, J = 3.7 Hz, 1H), 8.11-8.03 (m, 2H),
7.76 (t, J = 7.8 Hz, 1H), 7.60 (d, J = 7.5 Hz, 2H), 7.54-7.49 (m, 3H), 7.45-7.29 (m, 10H),
7.20-7.02 (m, 5H), 6.98-6.91 (m, 2H), 6.67 (s, 1H), 6.59 (d, J = 8.1 Hz, 1H), 3.43 (s, 3H), 3.33 (s,
2H). *C NMR (100 MHz, Chloroform-d) § 171.1, 170.5, 148.1, 148.0, 137.8, 137.6, 137.4,
137.3, 137.0, 136.5, 135.9, 135.6, 129.2, 129.1, 128.9, 128.7, 128.7, 128.5, 128.5, 128.4, 128.4,
128.3, 128.1, 127.7, 126.6, 126.0, 121.3, 121.0, 120.2, 119.3, 35.5, 34.8. HRMS (ESI): m/z
calculated for Co1H1gN3O, [M+H]™: 344.1394, found: 344. 1395.

2~ “Ph

1-(1-nitroso-1,2,3,4-tetrahydroquinolin-8-yl)-2,3-diphenylprop-2-en-1-one (3K): yield 85%,
yellow oil. *H NMR (400 MHz, Chloroform-d) & 7.53-7.47 (m, 2H), 7.32 (t, J = 7.5 Hz, 1H),
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7.29-7.26 (m, 1H), 7.25-7.20 (m, 3H), 7.19-7.14 (m, 1H), 7.13-7.07 (m, 2H), 7.01-6.93 (m, 4H),
3.62 (t, J = 6.4 Hz, 2H), 2.77-2.58 (m, 2H), 1.71 (m, 2H). *C NMR (100 MHz, Chloroform-d) &
195.4, 141.0, 140.0, 136.0, 135.0, 134.4, 131.7, 130.7, 130.3, 130.2, 129.1, 129.1, 128.8, 128.4,
128.2, 127.8, 126.3, 43.8, 27.8, 21.0. HRMS (ESI): m/z calculated for CyHiN,O, [M+H]":
369.1598, found: 369.1604.

N-(2-(2,3-di-p-tolylacryloyl)phenyl)-N-methylnitrous amide (3m): yield 87%, yellow solid,
m.p. 145 - 147°C. E/Z = 20 : 1. "H NMR (400 MHz, Chloroform-d) 5 7.66 (dd, J = 7.6, 1.5 Hz,
1H), 7.60 (m, 1H), 7.50 (m, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.27-7.25 (m, 1H), 7.14 (d, J = 8.0 Hz,
2H), 7.01 (d, J = 8.0 Hz, 2H), 6.97-6.91 (m, 2H), 6.87 (d, J = 8.2 Hz, 2H), 3.32 (s, 3H), 2.35 (s,
3H), 2.25 (s, 3H). *C NMR (100 MHz, Chloroform-d) 5 196.3, 143.8, 140.2, 140.0, 139.9, 137.7,
135.3, 132.3, 131.6, 131.0, 130.8, 130.2, 129.8, 1294, 129.0, 128.0, 122.9, 34.5, 21.4, 21.4.
HRMS (ESI): m/z calculated for C4H23N,0, [M+H]": 371.1754, found: 371.1758.

N-(2-(2-ethylpent-2-enoyl)phenyl)-N-methylnitrous amide (3n): yield 78%, yellow oil. E/Z =5 :
1. '"H NMR (400 MHz, Chloroform-d) & 7.58 (m, 1H), 7.51-7.42 (m, 2H), 7.37 (d, J = 7.9 Hz,
1H), 6.19 (t, J = 7.6 Hz, 1H), 3.31 (s, 3H), 2.37 (q, J = 7.5 Hz, 2H), 2.25-2.17 (m, 2H), 1.01-0.93
(m, 6H). *C NMR (100 MHz, Chloroform-d) & 197.1, 150.7, 142.9, 140.2, 135.7, 130.7, 129.9,
128.2, 124.0, 35.1, 22.4, 19.0, 13.8, 13.4. HRMS (ESI): m/z calculated for C14H1oN,0, [M+H]™:
247.1441, found: 247.1442.
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N-(2-(2,3-di(thiophen-2-yl)acryloyl)phenyl)-N-methylnitrous amide (30): yield 74%, yellow
oil. E/Z = 22 : 1. '"H NMR (400 MHz, Chloroform-d) & 7.69 (s, 1H), 7.62 (t, J = 7.6 Hz, 2H),
7.52-7.48 (m, 2H), 7.37 (t, J = 6.6 Hz, 2H), 7.17-7.09 (m, 2H), 7.00-6.91 (m, 2H), 3.37 (s, 3H).
3¢ NMR (100 MHz, Chloroform-d) 6 194.3, 140.2, 139.6, 138.2, 135.3, 134.8, 134.4, 132.8,
131.1, 130.3, 129.9, 129.5, 128.5, 128.1, 127.7, 127.0, 123.1, 34.4. HRMS (ESI): m/z calculated
for C15H15N,0,S, [M+H]":355.0569, found: 355.0571.

o
o

=

(E)-N-(2-(3-(4-fluorophenyl)-2-(p-tolyl)acryloyl)phenyl)-N-methylnitrous amide(3p)

=

and (E)-N-(2-(2-(4-fluorophenyl)-3-(p-tolyl)acryloyl)phenyl)-N-methylnitrous amide(3p’): yield
88%, 3p:3p'= 1.5:1, yellow oil. *H NMR (400 MHz, Chloroform-d) & 7.70-7.57 (m, 3H), 7.56-7.47
(m, 2H), 7.35 (t, J = 8.9 Hz, 2H), 7.27 (s, 2H), 7.17-6.93 (m, 10H), 6.87-6.78 (m, 3H), 3.35 (s, 2H),
3.32 (s, 3H), 2.36 (s, 3H), 2.27 (s, 2H). *C NMR (100 MHz, Chloroform-d) & 196.1, 196.0, 163.7,
161.8, 161.3, 144.2, 142.1, 140.4, 140.4, 140.3, 140.2, 140.1, 139.0, 138.0, 135.1, 134.9, 132.7, 132.6,
131.9, 131.8, 131.8, 131.3, 131.3, 131.1, 131.1, 130.7, 130.7, 129.7, 129.6, 129.2, 128.1, 128.0, 122.8,
122.7, 115.9, 115.7, 115.5, 115.3, 34.3, 21.4, 21.4. m/z: 375.1503 HRMS (ESI): m/z calculated for
Ca3H20FN,0,+ [M+H]": 375.1503, found: 375.1513.

Ph
o]
1-Methyl-2,3-diphenylquinolin-4(1H)-one (4a)™! yield 83%, yellow solid, m.p. 237-239 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.60 (dd, J = 8.0, 1.7 Hz, 1H), 7.78-7.69 (m, 1H), 7.58 (d, J =
8.0 Hz, 1H), 7.47-7.40 (m, 1H), 7.31-7.26 (m, 3H), 7.17-7.02 (m, 7H), 3.55 (s, 3H). *C NMR
(100 MHz, Chloroform-d) 6 176.3, 152.2, 141.4, 135.9, 135.0, 132.3, 131.4, 129.6, 128.7, 128.3,
127.5, 127.3, 126.6, 126.1, 124.3, 123.6, 115.9, 37.7. HRMS (ESI): m/z calculated for C,;,H1sNO

[M+H]": 312.1383, found: 312.1384.
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1-Ethyl-2,3-diphenylquinolin-4(1H)-one (4b): yield 76%, yellow solid, m.p. 185-187 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.60 (d, J = 8.1 Hz, 1H), 7.71 (t, J = 8.1 Hz, 1H), 7.60 (d, J =
8.1 Hz, 1H), 7.42 (t, J = 8.1 Hz, 1H), 7.32-7.26 (m, 3H), 7.22-7.17 (m, 2H), 7.14-7.07 (m, 2H),
7.06-6.99 (m, 3H), 4.07 (g, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz,
Chloroform-d) 6 176.3, 152.0, 140.0, 136.0, 135.0, 132.3, 131.4, 129.4, 128.8, 128.4, 127.9,
127.6, 127.2, 126.3, 124.8, 123.6, 116.1, 43.7, 14.5. HRMS (ESI): m/z calculated for C,3H,,NO
[M+H]": 326.1539, found: 326.1538.

rlw-Bu

N Ph
Ph

(o)

1-Butyl-2,3-diphenylquinolin-4(1H)-one (4c): yield 75%, yellow oil. '"H NMR (400 MHz,
Chloroform-d) & 8.59 (d, J = 8.0 Hz, 1H), 7.75-7.67 (m, 1H), 7.56 (d, J = 8.7 Hz, 1H), 7.41 (t,J =
7.5 Hz, 1H), 7.30-7.26 (m, 3H), 7.18-6.99 (m, 7H), 3.98-3.94 (m, 2H), 1.80-1.59 (m, 2H),
1.19-1.11 (m, 2H), 0.76 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, Chloroform-d) & 176.3, 152.1,
140.3, 136.0, 134.9, 132.3, 131.4, 129.5, 128.7, 128.3, 127.8, 127.5, 127.1, 126.2, 124.6, 123.6,
116.2, 48.7, 30.9, 19.9, 13.5. HRMS (ESI): m/z calculated for CxsHNO [M+H]": 354.1852,
found: 354.1858.

?n

N Ph
Ph

(0]

1-Benzyl-2,3-diphenylquinolin-4(1H)-one (4d): yield 69%, yellow oil. ‘H NMR (400 MHz,
Chloroform-d) 6 8.60 (dd, J = 8.0, 1.7 Hz, 1H), 7.61-7.50 (m, 1H), 7.43-7.35 (m, 2H), 7.33-7.26
(m, 3H), 7.17-6.99 (m, 12H), 5.25 (s, 2H). "*C NMR (100 MHz, Chloroform-d) & 176.7, 152.7,
140.8, 136.6, 135.9, 134.6, 132.4, 131.5, 129.3, 129.1, 128.9, 128.2, 127.7, 127.6, 127.6, 127.0,
126.4, 125.6, 124.9, 123.9, 117.2, 52.7. HRMS (ESI): m/z calculated for CyHz»NO [M+H]":
388.1696, found: 388.1695.
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N Ph

o

Ph

1-1sopropyl-2,3-diphenylquinolin-4(1H)-one (4e): yield 58%, yellow solid, m.p. 199-201 °C. '*H
NMR (400 MHz, Chloroform-d) & 8.60 (dd, J = 8.1, 1.5 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H),
7.69-7.61 (m, 1H), 7.42-7.37 (m, 1H), 7.26-6.97 (m, 10H), 4.65 (m, 1H), 1.62 (d, J = 7.2 Hz, 6H).
BCMR (100 MHz, Chloroform-d) 4 176.1, 152.7, 139.6, 136.1, 135.8, 131.3, 130.8, 129.0, 128.5,
128.3, 127.9, 127.9, 127.4, 126.0, 124.5, 123.2, 118.5, 53.7, 21.2. HRMS (ESI): m/z calculated
for CosH»,NO [M+H]": 340.1696, found: 340.1694.

Ph
o

8-Fluoro-1-methyl-2,3-diphenylquinolin-4(1H)-one (4g): yield 85%, yellow solid, m.p. 159-162

°C.'H NMR (400 MHz, Chloroform-d) & 8.35-8.31 (m, 1H), 7.46-7.38 (m, 1H), 7.36-7.30 (m, 1H),

7.30-7.26 (m, 3H), 7.21-7.02 (m, 7H), 3.62 (d, J = 8.2 Hz, 3H). *C NMR (100 MHz, Chloroform-d)
§175.6 (d, J = 2.4 Hz), 154.2, 152.7 (d, J = 248.7 Hz), 135.2, 134.7, 132.4 (d, J = 6.7 Hz), 131.5, 130.1,
129.7, 129.1, 128.6, 127.6, 126.4, 124.4, 123.9 (d, J = 8.2 Hz), 123.1 (d, J = 3.6 Hz), 118.9 (d, J = 22.7

Hz), 42.5 (d, J = 15.4 Hz). HRMS (ESI): m/z calculated for CoH3;FNO [M+H]": 330.1289, found:

330.1288.

Ph
(o]
1,7-Dimethyl-2,3-diphenylquinolin-4(1H)-one (4h): yield 61%, yellow solid, m.p. 276-278 °C.
'H NMR (400 MHz, Chloroform-d) & 8.46 (d, J = 8.2 Hz, 1H), 7.35 (s, 1H), 7.30-7.26 (m, 4H),
7.17-6.99 (m, 7H), 3.52 (s, 3H), 2.56 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 176.3,
152.0, 143.1, 141.8, 136.0, 135.3, 131.6, 129.7, 128.8, 128.4, 127.5, 127.5, 126.2, 125.4, 124.7,
124.4, 115.6, 37.7, 22.5. HRMS (ESI): m/z calculated for C,3H,0NO [M+H]™: 326.1539, found:
326.1539.
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Ph
o
7-Chloro-1-methyl-2,3-diphenylquinolin-4(1H)-one (4i): yield 53%, yellow solid, m.p. 250-252
°C. 'H NMR (400 MHz, Chloroform-d) & 8.49 (d, J = 8.6 Hz, 1H), 7.57 (d, J = 1.8 Hz, 1H), 7.38
(dd, J = 8.6, 1.8 Hz, 1H), 7.30-7.27 (m, 2H), 7.17-6.98 (m, 8H), 3.51 (s, 3H). *C NMR (100
MHz, Chloroform-d) & 175.9, 152.5, 1422, 138.8, 135.4, 134.8, 131.3, 129.6, 129.3, 129.0,
128.6, 127.6, 126.5, 125.1, 1250, 124.4, 1158, 37.9. HRMS (ESI): m/z calculated for
CxH17CINO [M+H]": 346.0993, 348.0964 (isotopic peak), found: 346.0995, 348.0969.

cl Ph
o]

6-Chloro-1-methyl-2,3-diphenylquinolin-4(1H)-one (4j): yield 85%, yellow solid, m.p. 229-231
°C. 'H NMR (400 MHz, Chloroform-d) & 8.52 (d, J = 2.6 Hz, 1H), 7.65 (dd, J = 9.1, 2.6 Hz, 1H),
7.52 (d, J = 9.1 Hz, 1H), 7.30-7.27 (m, 3H), 7.16-7.00 (m, 7H), 3.53 (5, 3H). **C NMR (100 MHz,
Chloroform-d) & 175.3, 152.5, 140.0, 135.5, 134.8, 132.6, 131.4, 130.0, 129.6, 129.0, 128.5,
127.8, 127.7, 126.8, 126.5, 124.8, 117.8, 38.0. HRMS (ESI): m/z calculated for C,,H;7CINO
[M+H]": 346.0993, 348.0964 (isotopic peak), found: 346.0998, 348.0967.

Ph
(o]
1,6-Dimethyl-2,3-diphenylquinolin-4(1H)-one (4k): yield 80%, yellow solid, m.p. 237-239 °C.
'H NMR (400 MHz, Chloroform-d) & 8.37 (s, 1H), 7.55 (dd, J = 8.8, 2.2 Hz, 1H), 7.48 (d, J =
8.8 Hz, 1H), 7.33-7.26 (m, 3H), 7.20-6.90 (m, 7H), 3.53 (s, 3H), 2.51 (s, 3H). *C NMR (100
MHz, Chloroform-d) 6 176.2, 151.9, 139.6, 136.1, 135.2, 133.8, 133.6, 131.6, 129.7, 128.8,
128.4, 127.5, 126.9, 126.6, 126.2, 124.1, 115.8, 37.7, 21.0. HRMS (ESI): m/z calculated for
Ca3H2NO [M+H]™: 326.1539, found: 326.1537.
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6-Fluoro-1-methyl-2,3-diphenylquinolin-4(1H)-one (41): yield 84%, yellow solid, m.p. 238-240
°C. *H NMR (400 MHz, Chloroform-d) & 8.20 (dd, J = 8.9, 3.1 Hz, 1H), 7.57 (dd, J = 9.3, 4.1
Hz, 1H), 7.50-7.37 (m, 1H), 7.31-7.26 (m, 3H), 7.18-6.98 (m, 7H), 3.55 (s, 3H). **C NMR (100
MHz, Chloroform-d) 6 175.5, 159.3 (d, J = 245.1 Hz), 152.4, 138.0, 135.6, 134.8, 131.4, 129.6,
129.0, 128.5, 128.2 (d, J = 6.6 Hz), 127.6, 126.4, 123.8, 120.8 (d, J = 25.0 Hz), 118.3 (d, J = 7.5
Hz), 111.9 (d, J = 22.4 Hz), 38.1. HRMS (ESI): m/z calculated for C,,Hi;FNO [M+H]™:
330.1289, found: 330.1287.

MeOOC Ph
o

Methyl 1-methyl-4-oxo-2,3-diphenyl-1,4-dihydroquinoline-6-carboxylate (4m): yield 51%,
yellow solid, m.p. 247-249 °C. *H NMR (400 MHz, Chloroform-d) & 9.21 (d, J = 2.1 Hz, 1H),
8.34 (dd, J =8.9, 2.1 Hz, 1H), 7.60 (d, J = 8.9 Hz, 1H), 7.31-7.28 (m, 2H), 7.19-6.98 (m, 8H),
3.97 (s, 3H), 3.56 (s, 3H). **C NMR (100 MHz, Chloroform-d) 5 176.3, 166.7, 152.6, 144.2,
135.3,134.7,132.8, 131.3, 130.1, 129.6, 129.1, 128.6, 127.7, 126.5, 126.1, 125.5, 125.3, 116.2,
52.4, 38.1. HRMS (ESI): m/z calculated for CosH,0NO3 [M+H]": 370.1438, found: 370.1439.

Ph
o

2,3-Diphenyl-6,7-dihydro-1H,5H-pyrido[3,2,1-ij]quinolin-1-one (4n): yield 57%, yellow solid,
m.p. 266-268 °C. "H NMR (400 MHz, Chloroform-d) & 8.43 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 6.8
Hz, 1H), 7.36-7.29 (m, 2H), 7.27 (d, J = 2.1 Hz, 2H), 7.18-6.97 (m, 7H), 3.87-3.73 (m, 2H), 3.07
(t, J = 6.1 Hz, 2H), 2.09 (m, 2H). *C NMR (100 MHz, Chloroform-d) § 176.2, 151.5, 138.2,
135.9, 134.8, 131.6, 131.6, 129.5, 128.7, 128.5, 127.6, 126.9, 126.8, 126.3, 125.6, 124.1, 123.6,
50.3, 28.0, 22.1. HRMS (ESI): m/z calculated for CyHxNOs; [M+H]": 338.1539, found:
338.1536.
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1-Methyl-2,3-di-p-tolylquinolin-4(1H)-one (40): yield 85%, yellow solid, m.p. 211-213 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.56 (dd, J = 8.0, 1.7 Hz, 1H), 7.73-7.66 (m, 1H), 7.54 (d, J =
8.6 Hz, 1H), 7.44-7.37 (m, 1H), 7.08 (d, J = 7.8 Hz, 2H), 7.03 (d, J = 8.2 Hz, 2H), 6.93-6.91 (m,
4H), 3.51 (s, 3H), 2.31 (s, 3H), 2.21 (s, 3H). *C NMR (100 MHz, Chloroform-d) § 176.5, 152.3,
1415, 138.6, 135.5, 132.9, 132.3, 132.2, 131.2, 129.5, 129.1, 128.3, 127.5, 126.6, 124.3, 123.5,
115.9, 37.7, 21.4, 21.3. HRMS (ESI): m/z calculated for CyHx»NO [M+H]": 339.1623, found:
339.1626.

2,3-Bis(4-fluorophenyl)-1-methylquinolin-4(1H)-one (4p): vyield 79%, yellow solid, m.p.
277-279 °C. "H NMR (400 MHz, Chloroform-d) & 8.55 (dd, J = 8.1, 1.7 Hz, 1H), 7.77-7.70 (m,
1H), 7.57 (d, J = 8.6 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.13 (dd, J = 8.5, 5.4 Hz, 2H), 7.04-6.94 (m,
4H), 6.87-678 (m, 2H), 355 (s, 3H). *C NMR (100 MHz, Chloroform-d) 3§
176.3, 162.7 (d, J = 248.0 Hz), 161.4 (d, J = 244.0 Hz), 151.3, 141.5, 133.0 (d, J = 8.0 Hz), 132.6,
131.6 (d, J =8.2 Hz), 131.0 (d, J = 3.7 Hz), 130.1 (d, J = 9.0 Hz), 127.4, 126.6, 124.0, 123.6,
116.0, 115.9 (d, J=19.0 Hz), 114.7 (d, J=21.0 Hz), 37.8. HRMS (ESI): m/z calculated for
CaH16FoNO [M+H]": 348.1194, found: 348.1193.

Cl

Cl

2,3-Bis(4-chlorophenyl)-1-methylquinolin-4(1H)-one (4q): vyield 61%, yellow solid, m.p.
220-222 °C. 'H NMR (400 MHz, Chloroform-d) & 8.55 (dd, J = 8.1, 1.7 Hz, 1H), 7.77-7.71( m,
1H), 7.57 (d, J = 8.6 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.15-7.07 (m, 4H),
6.98-6.92 (m, 2H), 3.54 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 176.1, 151.1, 141.5,
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135.4, 134.0, 133.3, 132.8, 132.8, 132.5, 131.0, 129.1, 128.1, 127.6, 126.6, 124.2, 123.3, 116.0,
37.9. HRMS (ESI): m/z calculated for CxHicCI,NO [M+H]": 402.0423, 404.0393 (isotopic
peak), found: 402.0417, 404.0398.

1-Methyl-2,3-di-m-tolylquinolin-4(1H)-one (4r): yield 71%, yellow solid, m.p.176-179 °C. *H
NMR (400 MHz, Chloroform-d) & 8.58 (dd, J = 8.0, 1.7 Hz, 1H), 7.72 (t, J = 8.0, 1H), 7.57 (d, J
= 8.0Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.7 Hz, 1H), 7.01-6.91
(m, 3H), 6.90-6.83 (m, 2H), 6.80 (d, J = 7.7 Hz, 1H), 3.55 (s, 3H), 2.27 (s, 3H), 2.18 (s, 3H). *C
NMR (100 MHz, Chloroform-d) & 176.4, 152.4, 141.5, 138.1, 136.7, 135.8, 135.0, 132.3, 132.2,
130.2, 129.5, 128.4, 128.2, 127.6, 127.4, 127.0, 126.7, 126.7, 124.5, 123.6, 115.8, 37.8, 21.4, 21.4.
HRMS (ESI): m/z calculated for Co4H,NO [M+H]": 340.1696, found: 340.1695.

2,3-Bis(3-chlorophenyl)-1-methylquinolin-4(1H)-one (4s): yield 83%, yellow solid, m.p.
190-192 °C. *H NMR (400 MHz, Chloroform-d) & 8.54 (dd, J = 8.1, 1.7 Hz, 1H), 7.79-7.71 (m,
1H), 7.58 (d, J = 8.6 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.32-7.26 (m, 1H), 7.24 (d, J = 8.0 Hz, 1H),
7.21-7.16 (m, 1H), 7.10-7.01 (m, 4H), 6.95-6.85 (m, 1H), 3.56 (s, 3H). *C NMR (100 MHz,
Chloroform-d) & 176.0, 150.7, 141.4, 137.3, 136.3, 134.8, 133.5, 132.8, 131.5, 130.0, 129.7,
129.6, 129.4, 129.0, 127.8, 127.5, 126.8, 126.7, 124.2, 123.1, 116.0, 37.9. HRMS (ESI): m/z
calculated for CxH;6CI,NO [M+Na]": 402.0423, 404.0393 (isotopic peak), found: 402.0411,
404.0396.
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2,3-Bis(2-fluorophenyl)-1-methylquinolin-4(1H)-one (4t): vyield 73%, yellow solid, m.p.
169-172 °C. *H NMR (400 MHz, Chloroform-d) & 8.60-8.53 (m, 1H), 7.80-7.68 (m, 1H), 7.59
(dd, J = 8.7, 2.1 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.35-7.27 (m, 1H), 7.24-6.74 (m, 7H), 3.65-3.56
(m, 3H). *C NMR (100 MHz, Chloroform-d) & 175.7, 163.5 (d, J = 243.0 Hz), 159.0 (d, J = 246.0
Hz), 147.2, 141.4, 133.5, 132.5, 132.0 (d, J = 3.5 Hz), 131.7 (d, J = 8.0 Hz), 1315 (d, J = 3.1 Hz),
130.4 (d, J = 2.2 Hz), 129.1 (d, J = 8.2 Hz), 127.4, 124.5 (d, J = 3.6 Hz), 123.9, 123.7 (d, J = 3.6 Hz),
123.3 — 123.0 (m), 115.9, 115.8, 115.4 (d, J = 21.0 Hz), 114.9 (d, J = 22.3 Hz), 36.7. HRMS (ESI):
m/z calculated for Cy,H16F,NO [M+H]": 348.1149, found: 348.1148.

(o)

2,3-Diethyl-1-methylquinolin-4(1H)-one (4u): yield 46%, yellow oil. *H NMR (400 MHz,
Chloroform-d) & 8.51 (dd, J = 8.0, 1.6 Hz, 1H), 7.67-7.60 (m, 1H), 7.50 (d, J = 8.7 Hz, 1H),
7.37-7.31 (m, 1H), 3.81 (s, 3H), 2.92 (q, J = 7.6 Hz, 2H), 2.74 (q, J = 7.4 Hz, 2H), 1.33 (1, J = 7.6
Hz, 3H), 1.16 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, Chloroform-d) & 176.6, 152.6, 141.3,
131.8, 127.2, 125.2, 123.3, 123.1, 115.2, 34.9, 23.8, 19.7, 14.4, 13.5. HRMS (ESI): m/z
calculated for Cy4H1gNO [M+H]":216.1383, found: 216.1385.

1-Methyl-2,3-di(thiophen-2-yl)quinolin-4(1H)-one (4v): yield 56%, yellow solid, m.p. 174-176
°C. *H NMR (400 MHz, Chloroform-d) & 8.56 (dd, J = 8.1, 1.6 Hz, 1H), 7.76-7.69 (m, 1H), 7.57
(d, J = 8.6 Hz, 1H), 7.49-7.40 (m, 2H), 7.21 (d, J = 5.1 Hz, 1H), 7.06-7.04 (m, 2H), 6.84 (dd, J =
5.1, 3.6 Hz, 1H), 6.74 (d, J = 3.6 Hz, 1H), 3.66 (s, 3H). *C NMR (100 MHz, Chloroform-d) &
175.8, 145.7, 141.4, 136.3, 135.3, 132.7, 130.7, 128.9, 128.5, 127.7, 127.3, 126.4, 126.0, 125.9,
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124.2, 119.2, 116.1, 38.1. HRMS (ESI): m/z calculated for C;gH14S,NO [M+H]+: 324.0511,
found: 324.0510.

2-(4-Fluorophenyl)-1-methyl-3-(p-tolyl)quinolin-4(1H)-one (4x): yellow solid, m.p. 177-180 °C.
yield 54%. *H NMR (400 MHz, Chloroform-d)  8.57 (dd, J = 8.0, 1.6 Hz, 1H), 7.73 (dd, J = 8.5,
6.9 Hz, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.48-7.40 (m, 1H), 7.19-7.11 (m, 2H), 6.99 (t, J = 8.4 Hz,
2H), 6.94 (d, J = 7.8 Hz, 2H), 6.89 (d, J = 7.8 Hz, 2H), 3.54 (s, 3H), 2.23 (s, 3H). *C NMR (100
MHz, Chloroform-d) 6 176.4, 162.5 (d, J = 249.8 Hz), 150.9, 141.5, 135.8, 132.5, 132.3, 131.5(d, J =
8.3 Hz), 131.3 (d, J = 3.7 Hz), 131.1, 128.4, 127.5, 126.6, 124.6, 123.6, 115.7, 115.6 (d, J = 21.9 Hz),
37.6, 21.2. HRMS (ESI): m/z calculated for Co3sH1oFNO [M+H]": 344.1445, found: 344.1448.

3-(4-fluorophenyl)-1-methyl-2-(p-tolyl)quinolin-4(1H)-one (4x°): yellow solid, m.p. 227-229
°C. yield 30%. "H NMR (400 MHz, Chloroform-d) & 8.58 (dd, J = 8.0, 1.6 Hz, 1H), 7.73 (dd, J =
8.6, 7.0 Hz, 1H), 7.58 (d, J = 8.6 Hz, 1H), 7.44 (dd, J = 8.0, 7.0 Hz, 1H), 7.10 (d, J = 8.3 Hz, 2H),
7.05-6.96 (m, 4H), 6.87-6.77 (m, 2H), 3.55 (s, 3H), 2.33 (s, 3H). *C NMR (100 MHz,
Chloroform-d) & 176.2, 161.3 (d, J = 244.5 Hz), 152.5, 141.5, 138.9, 133.0 (d, J = 7.9 Hz), 132.3,
132.0, 131.8 (d, J = 3.5 Hz), 129.4, 129.2, 127.4, 126.6, 123.7, 123.3, 115.8, 114.4 (d, J = 21.4 Hz),
37.7, 21.3. HRMS (ESI): m/z calculated for CosH1oFNO [M+H]": 344.1445, found: 344.1447.

For the synthesis of chalcone or quinolone product, methylphenylcyclopropenone was
observed to be more active to react with itself than to produce the desired product,
resulting spirolactone product:

1,7-dimethyl-2,6-diphenyl-4-oxaspiro[2.4]hepta-1,6-dien-5-onel™, yield 78%, yellow solid, m.p.
168-170 °C. 'H NMR (400 MHz, Chloroform-d) & 7.45-7.40 (m, 5H), 7.35-7.28 (m, 3H),
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7.12-7.06 (m, 2H), 2.27 (s, 3H), 2.07 (s, 3H).

N Ph

X
Ph

1-Methyl-2,3-diphenyl-1H-indole (5a) ™: white solid, yield 73%, m.p. 139-141°C. *H NMR
( 400 MHz, Chloroform-d) & 7.80 (d, J = 8.2 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.40-7.27 (m,
10H), 7.20 (t, J = 8.2 Hz, 2H), 3.69 (s, 3H). *C NMR (150 MHz, Chloroform-d) & 137.9, 137.5,
135.4,132.1, 131.3, 130.0, 128.5, 128.3, 128.2, 127.1, 125.6, 122.3, 120.3, 119.7, 115.25, 109.07,
31.1. HRMS (ESI): m/z calculated for C,sHi7NNa™ [M+Na]*: 306.1253, found: 306.1257.

N( Ph

X
Ph

1-Ethyl-2,3-diphenyl-1H-indole (5b) ™: yield 78%, yellow solid, m.p. 116-118°C. *H NMR
(400 MHz, Chloroform-d) & 7.81 (d, J = 8.2 Hz, 1H), 7.45 (d, J = 8.2 Hz, 1H), 7.42-7.26 (m,
10H), 7.21-7.14 (m, 2H), 4.15 (q, J = 7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
Chloroform-d) & 137.4, 136.2, 135.3, 132.4, 131.2, 129.9, 128.6, 128.2, 128.2, 127.4, 1255,
122.2, 120.2, 119.9, 115.4, 109.9, 38.8, 15.5. HRMS (ESI): m/z calculated for CygHxNNa®
[M+Na]*: 320.1410, found: 320.1411.

N_ _Ph

LY
Ph

1-Butyl-2,3-diphenyl-1H-indole (5¢)®!: yield 82%, white solid, m.p. 91-93°C.
'H NMR (400 MHz, Chloroform-d) 5 7.80 (d, J = 8.2 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H),
7.40-7.24 (m, 10H), 7.19-7.15 (m, 2H), 4.12-4.04 (m, 2H), 1.65(q, J = 7.7 Hz, 2H), 1.22-1.15 (m,
2H), 0.79 (t, J = 7.7 Hz, 3H). ®C NMR (100 MHz, Chloroform-d) 8 137.7, 136.6, 135.4, 132.5,
131.3, 130.0, 128.5, 128.2, 128.2, 127.3, 125.5, 122.1, 120.2, 119.9, 115.39, 110.1, 43.8, 32.2,

20.2, 13.8. HRMS (ESI): m/z calculated for C4H2sNNa* [M+Na]™: 348.1723, found: 348.1725.

N_ _Ph

X
Ph

1,6-Dimethyl-2,3-diphenyl-1H-indole (5e) ! yield 72%, white solid, m.p. 99-101°C.
'H NMR (400 MHz, Chloroform-d) 5 7.68 (d, J = 8.1 Hz, 1H), 7.41-7.28 (m, 7H), 7.26 (s, 2H),
7.21 (s, 1H), 7.19-7.14 (m, 1H), 7.05-7.01 (m, 1H), 3.65 (s, 3H), 2.55 (5, 3H). °C NMR (100
MHz, Chloroform-d) 6 137.9, 137.2, 135.6, 132.2, 132.2, 131.3, 129.9, 128.5, 128.3, 128.0,
125.5, 125.0, 122.0, 119.4, 115.1, 109.7, 31.0, 22.1. HRMS (ESI): m/z calculated for CxHigNNa*
[M+Na]": 320.1410, found: 320.1413.
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Py
Ph

1,5-Dimethyl-2,3-diphenyl-1H-indole (5f)!: yield 68%, white solid, m.p. 103-105°C. *H NMR
(400 MHz, Chloroform-d) 6 7.57 (s, 1H), 7.40-7.26 (m, 10H), 7.19-7.12 (m, 2H), 3.66 (s, 3H),
2.47 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 138.0, 136.0, 135.6, 132.21, 131.3, 130.1,
129.6, 128.5, 128.3, 128.1, 127.4, 125.5, 123.9, 119.3, 114.8, 109.4, 31.1, 21.7. HRMS (ESI): m/z
calculated for C,,H;gNNa™ [M+Na]": 320.1410, found: 320.1411.

N_ _Ph
X

F Ph
5-Fluoro-1-methyl-2,3-diphenyl-1H-indole (59)™: yield 81%, yellow solid, m.p. 128-130°C.
'H NMR (400 MHz, Chloroform-d) & 7.44 (dd, J = 9.9, 2.5 Hz, 1H), 7.40-7.26 (m, 10H), 7.20 —
7.17 (m, 1H), 7.04 (td, J = 9.9, 2.5 Hz, 1H), 3.67 (s, 3H). "*C NMR (100 MHz, Chloroform-d) &
158.7 (d, J = 234.8 Hz), 139.4, 134.9, 134.2, 131.8, 131.2, 129.8, 128.6, 128.4, 128.4, 127.4 (d, J
=9.7 Hz), 125.8, 115.3 (d, J = 4.7 Hz), 110.6 (d, J = 26.3 Hz), 110.4 (d, J = 9.6 Hz), 104.6 (d, J =
24.0 Hz), 31.3. HRMS (ESI): m/z calculated for CHisFNNa® [M+Na]™: 324.1159, found:
301.1159.

N Ph
Ph

Methyl 1-methyl-2,3-diphenyl-1H-indole-5-carboxylate (5h)™: yield 76%, white solid, m.p.
166-168°C. 'H NMR (400 MHz, Chloroform-d) & 8.53 (d, J = 1.6 Hz, 1H), 8.02 (dd, J = 8.6, 1.6
Hz, 1H), 7.44-7.38 (m, 4H), 7.35-7.30 (m, 6H), 7.21-7.19 (m, 1H), 3.93 (s, 3H), 3.71 (s, 3H). **C
NMR (100 MHz, Chloroform-d) § 168.2, 139.7, 138.9, 134.3, 131.3, 131.0, 129.9, 128.5, 128 4,
128.3, 126.6, 125.9, 123.6, 122.6, 122.1, 116.5, 109.2, 51.8, 31.2. HRMS (ESI): m/z calculated
for Co3H1o0NO,Na* [M+Na]”: 364.1308, found: 364.1303.

: N: Ph
|
NC

Ph

1-Methyl-2,3-diphenyl-1H-indole-5-carbonitrile (5i): yield 85%, white solid, m.p. 178-180°C.
'H NMR (400 MHz, Chloroform-d) § 8.16-8.03 (m, 1H), 7.51 (dd, J = 8.5, 1.5 Hz, 1H), 7.44 (d,
J =85 Hz, 1H), 7.43-7.37 (m, 3H), 7.34-7.27 (m, 4H), 7.25-7.19 (m, 3H), 3.70 (s, 3H). °C NMR
(100 MHz, Chloroform-d) § 139.9, 138.8, 133.8, 131.1, 130.8, 129.8, 128.8, 128.7, 128.6, 127.1,
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126.5, 125.5, 125.1, 121.0, 116.1, 110.6, 103.2, 31.4. HRMS (ESI): m/z calculated for
CooH1pN,Na* [M+Na]*: 331.1206, found: 331.1191.

N Ph

AT

o Ph
5-Methoxy-1-methyl-2,3-diphenyl-1H-indole (5j)™: yield 67%, white solid, m.p. 132-134°C.
'H NMR (400 MHz, Chloroform-d) & 7.41-7.27 (m, 10H), 7.25 (s, 1H), 7.21-7.16 (m, 1H), 6.97
(dd, J = 8.8, 2.5 Hz, 1H), 3.86 (s, 3H), 3.66 (s, 3H). **C NMR (100 MHz, Chloroform-d) § 154.9,
138.5, 135.5, 132.9, 132.1, 131.2, 129.9, 1285, 128.4, 128.1, 127.3, 125.6, 114.9, 112.6, 110.5,
101.4, 56.2, 31.2. HRMS (ESI): m/z calculated for C»HisNONa" [M+Na]": 336.1359, found:
336.1353.

Ph
7-Fluoro-1-methyl-2,3-diphenyl-1H-indole (5k): yield 53%, white solid, m.p. 120-122°C.
'H NMR (400 MHz, Chloroform-d) 5 7.4 (dd, J = 9.9, 2.5 Hz, 1H), 7.4-7.3 (m, 10H), 7.2-7.2 (m,
1H), 7.0 (td, J = 9.0, 2.5 Hz, 1H), 3.7 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 158.7 (d, J
= 234.8 Hz), 139.4, 134.9, 134.1, 131.8, 131.2, 129.8, 128.6, 128.4, 128.3, 127.5 (d, J = 4.2 Hz),
125.8, 115.3 (d, J = 4.7 Hz), 110.56 (d, J = 26.3 Hz), 110.35 (d, J = 9.6 Hz), 104.6 (d, J = 24.0 Hz),
31.3. HRMS (EI) m/z Calcd. for C,;HisNFNa': [M+Na]+ , 324.1159, Found: 324.1157.

e

(L

1-Methyl-2,3-di-p-tolyl-1H-indole (5m)™!: yield 87%, yellow solid, m.p. 108-110°C.

'H NMR (400 MHz, Chloroform-d) § 7.77 (d, J = 8.2 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H),
7.30-7.25 (m, 1H), 7.23-7.13 (m, 7H), 7.08 (d, J = 8.0 Hz, 2H), 3.65 (s, 3H), 2.38 (s, 3H), 2.32 (s,
3H). ®C NMR (100 MHz, Chloroform-d) 5 137.9, 137.7, 137.4, 135.0, 132.4, 131.1, 129.8,

129.2, 129.1, 129.1, 127.2, 122.1, 120.1, 119.7, 109.6, 31.0, 21.5, 21.3. HRMS (ESI): m/z
calculated for Co3sH i NNa™ [M+Na]": 334.1566, found: 344.1566.
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1-Methyl-2,3-di-m-tolyl-1H-indole (5n)®): yield 71%, white solid, 93-95 °C. *H NMR (400
MHz, Chloroform-d) & 7.79 (d, J = 8.2 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H),
7.26 (t, J = 8.2 Hz, 1H), 7.20-7.10 (m, 6H), 7.05 (d, J = 7.7 Hz, 1H), 6.98 (d, J = 7.4 Hz, 1H), 3.66
(s, 3H), 2.34 (s, 3H), 2.28 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 137.9, 137.9, 137.5,
137.3, 135.2, 131.9, 131.6, 130.5, 128.8, 128.3, 128.2, 128.0, 127.1, 127.0, 126.2, 122.0, 120.0,
119.7, 115.0, 109.5, 30.9, 21.5, 21.5. HRMS (ESI): m/z calculated for C,3H,:NNa* [M+Na]" :
344.1566, found: 344.1569.

2,3-Bis(4-chlorophenyl)-1-methyl-1H-indole (5p)[6]: yield 54%, yellow solid, m.p. 96-98°C.

'H NMR (400 MHz, Chloroform-d) & 7.72 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H),
7.40-7.35 (m, 2H), 7.35-7.30 (m, 1H), 7.26-7.18 (m, 7H), 3.67 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 6 136.4, 135.4, 133.4 132.4, 131.3, 130.4, 130.0, 129.0, 127.8, 127.5, 125.6, 121.6,
119.5, 118.3, 113.3, 108.7, 30.0. HRMS (ESI): m/z calculated for CyH;sCI,NNa" [M+Na]" :
374.0474, 376.0444 (isotopic peak), Found: 374.0475, 376.0450.

cl
2,3-Bis(3-chlorophenyl)-1-methyl-1H-indole (5q): yield 86%, yellow oil. 'H NMR (400 MHz,
Chloroform-d) 8 7.75 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 7.9 Hz, 1H), 7.39-7.28 (m, 5H), 7.24-7.15
(m, 4H), 7.11-7.05 (m, 1H), 3.67 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 137.5, 136.9,
136.5, 134.5, 134.2, 133.5, 130.9, 130.0, 129.7, 129.7, 129.5, 128.7, 128.1, 126.7, 126.0, 122.9,
120.8, 119.6, 114.5, 109.9, 31.2. HRMS (EI) m/z calculated for C,;HisCI,NNa* : [M+Na]",
374.0474, 376.0444 (isotopic peak), Found: 374.0474, 376.0448.

33



I

N
I: [ ]
2,3-diethyl-1-methyl-1H-indole  (5r)!): vyield 45%, vyellow oil. 'H NMR (400 MHz,
Chloroform-d) & 7.54 (d, J = 7.8 Hz, 1H), 7.24 (s, 1H), 7.18-7.12 (m, 1H), 7.06 (t, J = 7.8 Hz,
1H), 3.67 (s, 3H), 2.80-2.71 (m, 4H), 1.25-1.19 (m, 6H). *C NMR (100 MHz, Chloroform-d) &

138.1, 136.8, 127.6, 120.6, 118.7, 118.3, 112.8, 108.7, 17.8, 17.8, 16.4, 15.1. HRMS (ESI): m/z
calculated for C13H17NNa" [M+Na]": 210.1253, Found: 210.1255.

ves v
Nc

2-(4-fluorophenyl)-1-methyl-3-(p-tolyl)-1H-indole-5-carbonitrile (5s)

and 3-(4-fluorophenyl)-1-methyl-2-(p-tolyl)-1H-indole-5-carbonitrile (5s°): yield 52%, 3S:35'=
1:1, yellow oil. *"H NMR (400 MHz, Chloroform-d) & 8.08 (s, 1H), 8.03 (s, 1H), 7.52 (d, J = 8.1 Hz,
2H), 7.44 (d, J = 8.6 Hz, 2H), 7.34-7.28 (m, 3H), 7.26-7.07 (m, 13H), 7.00 (t, J = 8.6 Hz, 2H), 3.70 (s,
3H),3.69 (s, 6H), 2.41 (s, 3H), 2.35 (s, 3H). *C NMR (100 MHz, Chloroform-d) & 164.1, 161.6,
160.3, 140.0, 138.8, 138.7, 138.6, 138.4, 136.2, 132.8, 132.8, 131.2, 131.1, 130.9, 130.8, 130.4, 129.9,
129.8, 129.5, 129.5, 129.3, 128.9, 127.5, 127.0, 125.5, 125.1, 125.0, 125.0, 122.0, 116.0, 115.8, 115.6,
115.4, 110.4, 110.4, 103.1, 31.2, 31.2, 21.4, 21.2. HRMS (ESI): m/z calculated for C,H;sNNa”

[M+Na]": 363.1268, Found: 363.1266.
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V. X-Ray Crystallographic Data

Single-crystal X-ray Structure of 3h

The structure of 3aa was determined by the X-ray diffraction. Recrystallized from CH,Cl,/hexane.
Further information can be found in the CIF file. This crystal was deposited in the Cambridge
Crystallographic Data Centre and assigned as CCDC 1957755.

Table 1 Crystal data and structure refinement for 3h.

Identification code 3h
Empirical formula Cy4HoN504
Formula weight 400.42
Temperature/K 293.15
Crystal system monoclinic
Space group P2,/c

alA 16.2065(14)
b/A 8.0264(5)
c/A 17.9481(17)
a/° 90

/e 116.108(11)
y/° 90
Volume/A® 2096.5(3)
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A
peacg/cm®
w/mm’™

F(000)

Crystal size/mm?®

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

4

1.269

0.087

840.0

0.35 %0.3 x0.25
MoKa (A= 0.71073)

6.772 t0 58.988
20<h<21,-10<k<10,-17<1<24
13664

4974 [Rip = 0.0253, Ryigma = 0.0429]
4974/0/273

1.015

R1 = 0.0569, wR;, = 0.1205
Ri1 = 0.1060, wR; = 0.1409
0.17/-0.17

Table 2 Fractional Atomic Coordinates (<10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for 3h. Ueq is defined as 1/3 of of the trace of the orthogonalised

U,; tensor.

Atom X y z U(eq)
01 6796.5(13) 5456(3) 5673.3(11) 111.1(7)
02 6159.2(11) 7971(3) 5340.1(10) 89.7(6)
03 3847.7(9) 9210.0(15) 2553.3(8) 56.9(4)
04 3108.7(14) 5110(2) 701.7(10) 85.3(5)
N1 3706.3(11) 4392.8(17) 1982.2(10) 47.6(4)
N2 3614.6(13) 5520.3(19) 1417.4(12) 59.3(5)
C1 4233.6(11) 6503(2) 3069.5(11) 40.5(4)
C2 4259.1(12) 4875(2) 2807.0(12) 44.3(4)
C3 4868.6(14) 3732(3) 3348.1(15) 59.2(6)
c4 5472.8(15) 4212(3) 4123.1(16) 67.1(7)
C5 5500.1(13) 5845(3) 4382.7(13) 58.4(6)
Cé 4870.6(12) 6978(2) 3850.4(12) 49.5(5)
C7 3563.0(12) 7818(2) 2564.1(11) 40.5(4)
C8 2562.7(11) 7458(2) 2142.6(10) 37.5(4)
C9 2009.1(12) 8705(2) 1511.2(11) 43.6(4)

C10 2058.1(16) 8845(3) 768.0(13) 65.4(6)
C11 1549(2) 10034(4) 199.9(16) 91.6(9)
C12 997(2) 11077(3) 369(2) 102.8(11)
C13 955.6(17) 10981(3) 1100(2) 89.4(9)
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Cl4
C15
C16
C17
C18
C19
C20
c21
C22
C23
C24

1460.4(13)
2220.0(12)
1274.7(12)
1057.5(14)
192.8(16)
-463.1(16)
-263.8(14)
599.9(13)
3239.9(18)
6215.7(16)
6883(2)

9807(2)
6196(2)
5593(2)
4668(3)
4013(3)
4240(3)
5133(2)
5805(2)
2802(2)
6354(4)
8690(5)

1677.2(14)
2406.8(10)
2108.7(11)
2649.4(13)
2402.1(17)
1614.1(17)
1062.5(14)
1309.2(12)
1752.8(16)
5191.7(15)
6071.3(17)

59.9(6)
41.1(4)
41.8(4)
59.6(6)
76.5(7)
70.2(6)
61.6(6)
51.6(5)
78.8(7)
77.1(7)
123.9(12)

Table 3 Anisotropic Displacement Parameters (A?x10°% for 3h. The Anisotropic
displacement factor exponent takes the form: -2a’[h’a**Uy;+2hka*b*U;o+...].

Atom Uy Uz, Uss Uzs Uis Us
01  63.0(11) 174(2) 657(12)  46.0(12) 0.1(10) 24.6(12)
02  6L4(11)  139.2(17)  47.9(10) 5.7(10) 5.2(8) -13.6(11)
03  525(@) 38.4(7) 66.1(9) 7.1(6) 13.4(7) -0.6(6)
04  1194(15)  754(11)  56.1(10)  -124(8)  339(11)  -3.3(10)
NI 50.7(10) 35.2(8) 62.5(11) 3.8(7) 20.9(9) 3.6(7)
N2 78.0(13) 47.0(9) 56.8(12) 3.8(9) 33.1(11) 2.6(9)
c1 32.1(9) 43.7(9) 46.8(11) 10.9(8) 18.4(9) 4.6(7)
C2  37.0(10) 433(10)  57.7(12) 16.3(9) 25 6(10) 8.0(8)
C3  53.4(13) 539(11)  76.7(16)  251(11)  345(13)  21.3(10)
C4  495(13) 80.0(16)  77.4(17)  412(13)  331(13)  27.8(12)
C5  34.2(10) 01.8(16)  481(12)  258(11)  17.2(10) 7.9(10)
C6  37.4(10) 623(12)  47.0(12) 11.7(9) 17.0(10) 23(9)
C7  42.9(10) 37.4(9) 40.8(10) 5.3(8) 17.8(9) 6.3(8)
cs  38.0(9) 37.8(9) 36.5(9) 4.8(7) 16.2(8) 8.6(7)
Co  36.7(10) 37.7(9) 47.4(11) 9.1(8) 10.3(9) 2.0(8)
C10  65.6(14) 720(14)  525(13)  208(11)  20.5(12) 8.5(11)
Cll  83.9(19) 103(2) 63.9(17)  412(15)  104(15)  -7.4(17)
cl12  63.1(17) 72.1(17) 121(3) 535(18)  -7.1(18) 2.0(14)
C13  54.2(15) 48.9(13) 135(3) 17.2(15)  13.917)  16.6(11)
Cl4  443(11) 446(11)  79.0(15) 2.9(10) 16.4(11) 8.0(9)
C15  37.0(9) 46.1(9) 38.5(10) 11.2(8) 15.1(8) 11.8(8)
Cl6  38.(10) 42.2(9) 46.2(11) 8.9(8) 20.3(9) 9.3(8)
Cl7  453(12) 754(14)  589(13)  216(11)  23.6(11) 5.9(10)
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C18 57.5(15) 94.2(17) 86.4(18) 27.3(14) 39.5(15) -0.6(13)
C19 45.4(12) 67.6(14) 97.6(19) 6.6(13) 31.4(14) -1.3(11)
C20 48.4(12) 54.1(12) 65.7(15) 5.9(10) 9.9(11) 0.9(10)
c21 49.7(12) 47.0(10) 53.0(12) 9.1(9) 17.9(10) 2.3(9)
Cc22 98.1(19) 45.1(12) 101(2) -10.1(12) 51.6(17) -17.9(12)
Cc23 48.0(14) 125(2) 56.5(15) 23.3(16) 21.2(13) 1.1(15)
C24 89(2) 192(4) 59.9(18) -14(2) 5.2(16) -27(2)
Table 4 Bond Lengths for 3h.

Atom Atom Length/A Atom Atom Length/A
01 Cc23 1.199(3) Cc7 C8 1.485(2)
02 Cc23 1.336(3) C8 C9 1.482(2)
02 C24 1.441(3) C8 C15 1.338(2)
03 Cc7 1.2124(19) C9 C10 1.375(3)
04 N2 1.226(2) C9 C14 1.377(3)
N1 N2 1.317(2) C10 C11 1.375(3)
N1 C2 1.406(2) C11 C12 1.354(4)
N1 C22 1.448(2) C12 C13 1.343(4)
C1 C2 1.396(2) C13 C14 1.373(3)
C1 Cé6 1.379(2) C15 C16 1.465(2)
C1 C7 1.500(2) C16 C17 1.385(2)
C2 C3 1.384(3) C16 Cc21 1.380(3)
C3 Cc4 1.358(3) C17 C18 1.375(3)
Cc4 C5 1.385(3) C18 C19 1.356(3)
C5 Cé6 1.387(3) C19 C20 1.371(3)
C5 Cc23 1.462(3) C20 c21 1.379(3)

Table 5 Bond Angles for 3h.

Atom Atom Atom Angle/ Atom Atom Atom Angle/*
C23 02 cCc24 118.1(2) Cl5 C8 C9 125.19(16)
N2 N1 C2 115.15(15) Ci0 €9 c8 121.53(17)
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N2 N1 C22 121.25(18) Clo C9 cu4 118.42(18)
Cc2 N1 C22 123.57(16) Cl4 C9 C8 119.99(17)
04 N2 N1 114.74(17) Cl1 Ci0 €9 120.2(2)
Cc2 C1 c7 125.15(16) Cl2 Ci11 cC10 120.2(3)
C6 C1 C2 118.79(16) Cl3 C12 cu1 120.3(2)
C6 C1 C7 116.06(16) Cl2 Ci13 cC14 120.5(3)
C1 Cc2 N1 120.88(15) Cl3 Ci4 (9 120.3(2)
C3 C2 N1 118.92(18) C8 Cl5 Cl6 130.62(16)
C3 C2 C1 120.11(19) Cl7 Ci16 Ci15 117.95(17)
C4 C3 C2 120.1(2) C21 Ci6 Ci15 124.19(16)
C3 C4 C5 120.99(19) C21 Ci6 C17 117.75(17)
C4 C5 C6 119.0(2) Cl18 Ci17 C16 121.1(2)
Cc4 C5 C23 119.5(2) Cl9 cC18 cC17 120.3(2)
C6 C5 C23 121.5(2) Cl8 C19 C20 119.8(2)
C1 C6 C5 120.89(19) Cl9 C20 c21 120.1(2)
03 C7 C1 118.59(16) C20 C21 Ci6 120.90(18)
03 C7 C8 120.59(15) 01 C23 02 122.8(3)
C8 C7 C1 120.64(14) 01 (C23 C5 125.1(3)
C9 C8 C7 114.59(14) 02 C23 C5 112.1(2)
Cl5 C8 C7 119.80(15)
Table 6 Torsion Angles for 3h.
A B C D Angle/* A B C D Angle/
03 C7 C8 (9 19.0(2) C7 C8 Ci5 Ci16 179.59(17)
03 C7 C8 Ci15 -153.86(17) C8 C9 Ci10 c11 -178.8(2)
N1 C2 C3 C4 173.53(17) C8 C9 Ci14 cC13 179.09(19)
N2 N1 C2 (1 38.1(2) C8 Ci15 Cl6 C17 -158.06(19)
N2 N1 C2 C3 -138.53(17) C8 Ci15 Cl6 C21 25.8(3)
Cl C2 C3 4 -3.1(3) C9 C8 Ci5 C16 7.5(3)
Cl C7 C8 (9 -166.03(15) C9 C10 C11 cC12 0.1(4)
Cl C7 C8 Ci15 21.1(2) Cl0 C9 cC14 cC13 1.9(3)
C2 N1 N2 04 -177.85(17) Cl10 C11 cC12 cC13 1.3(4)
C2 C1 C6 C5 -2.9(2) Cl1 C12 C13 c14 -1.1(4)
cC2 Cc1 Ccr 083 -135.73(18) Cl2 C13 C14 (9 -0.5(4)
cC2 Cc1 C7 cCs8 49.2(2) Ci4 C9 cC10 c11 -1.7(3)
C2 C3 C4 G5 -0.8(3) Cl5 C8 C9 cC10 -116.8(2)
C3 C4 C5 C6 2.8(3) Cl5 C8 C9 ci14 66.1(2)
C3 C4 C5 cC23 -174.25(18) Cl5 Ci16 C17 cC18 -177.7(2)
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C4 C5 C6 C1
C4 C5 C23 O1
C4 C5 C23 02
C6 C1 C2 N1
C6 C1 C2 C3
C6 C1 Cr O3
C6 C1 Cr C8
C6 C5 C23 O1
C6 C5 C23 02
Cr C1 C2 N
C7r C1 C2 (3
C7 C1 C6 C5
C7 C8 C9 C10
C7 C8 C9 C14

-0.9(3)
-0.9(3)
178.56(19)
-171.64(15)
4.9(2)
43.9(2)
-131.16(17)
-177.9(2)
1.5(3)
8.0(3)
-175.49(16)
177.46(16)
70.8(2)
-106.32(19)

C15
C16
C17
C17
C18
C19
c21
Cc22
Cc22
Cc22
C23
C24
C24

C16
C17
C16
C18
C19
C20
C16
N1
N1
N1
C5
02
02

c21
C18
c21
C19
C20
c21
C17
N2
Cc2
Cc2
C6
C23
C23

C20
C19
C20
C20
Cc21
C16
C18
04
C1
C3
C1
01
C5

176.85(17)
1.1(4)
0.7(3)
-0.3(4)
-0.3(3)
0.1(3)
-1.3(3)
0.3(3)

-140.06(19)
43.3(3)

176.11(17)
6.5(3)

-173.0(2)

Table 7 Hydrogen Atom Coordinates (Ax10* and Isotropic Displacement Parameters

(A?x10%) for 3h.

Atom X z U(eq)

H3 4864 2634 3181 71
H4 5874 3433 4485 81
H6 4878 8073 4022 59
H10 2437 8132 649 78
H11 1584 10121 -302 110
H12 644 11864 -22 123
H13 583 11715 1215 107
H14 1432 9757 2183 72
H15 2653 5605 2853 49
H17 1504 4488 3189 72
H18 57 3412 2777 92
H19 -1046 3791 1448 84
H20 =712 5285 521 74
H21 729 6411 931 62
H22A 2588 2981 1472 118
H22B 3386 2149 2243 118
H22C 3436 2221 1391 118
H24A 6824 9881 6048 186
H24B 7468 8386 6097 186
H24C 6840 8281 6556 186

Crystal structure determination of 3h
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Crystal Data for CysH2oN.04 (M =400.42 g/mol): monoclinic, space group P2i/c (no.
14),a=  16.2065(14) A, b= 8.0264(5) A,c=  17.9481(17) A, p=  116.108(11)<V =
2096.5(3) A%, Z= 4, T= 293.15K, p(MoKa)= 0.087 mm™, Dcalc= 1.269 g/cm’, 13664
reflections measured (6.772° < 2@ < 58.988°), 4974 unique (Rin = 0.0253, Rgigma = 0.0429) which
were used in all calculations. The final Ry was 0.0569 (I > 20(I)) and WR, was 0.1409 (all data).

b) X-Ray Crystallographic Data of species A

Single-crystal X-ray Structure of species A

The structure of 3aa was determined by the X-ray diffraction. Recrystallized from CH,Cl,/hexane.
Further information can be found in the CIF file. This crystal was deposited in the Cambridge
Crystallographic Data Centre and assigned as CCDC 1960116.

Table 1 Crystal data and structure refinement for species A.

Identification code specie A
Empirical formula C17H21CIN,ORhF
Formula weight 426.72
Temperature/K 123.15

Crystal system monoclinic

Space group P2,/n

alA 8.543(4)
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b/A
c/A

o/°

pr°

v/°
Volume/A®
Z
peacg/cm®
u/rnm'l
F(000)

Crystal size/mm?®

Radiation

20 range for data collection/<
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F

Final R indexes [[>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

14.111(6)

14.684(7)

90

92.284(7)

90

1768.7(14)

4

1.602

1.131

864.0

0.2 x0.18 x0.15

MoKa (A= 0.71073)

5.424 10 55.714
-11<h<11,-18<k<18,-19<1<19
20794

4209 [Rin = 0.0438, Ryigma = 0.0322]
4209/0/213

1.029

R = 0.0573, WR, = 0.1736
R, = 0.0619, wR, = 0.1788
0.74/-1.44

Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement
Parameters (A?x10%) for specie A. Ueq is defined as 1/3 of of the trace of the orthogonalised

U,; tensor.

Atom X y z U(eq)

Rh1 3027.4(4) 7254.1(3) 6221.1(2) 23.59(16)
cil 5147(2) 7616.3(11) 5274.0(12) 45.6(4)
Fi 7306(4) 5222(3) 8254(3) 51.7(10)
01 1222(5) 6326(3) 4709(3) 41.8(10)
N1 2848(5) 5369(3) 5438(3) 30.6(9)
N2 2248(5) 6218(3) 5330(3) 31.2(9)
C1 6212(6) 5246(5) 7550(4) 37.7(13)
C2 5911(7) 4434(4) 7064(5) 42.2(14)
C3 4781(7) 4449(4) 6350(4) 37.8(13)
c4 3988(6) 5290(4) 6168(4) 29.2(10)
C5 4292(6) 6123(3) 6668(3) 25.6(9)
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C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
C15
C16
C17

5447(6)
2308(7)
2343(7)
976(7)
909(8)
2255(8)
3176(6)
2835(12)
-248(10)
-426(14)
2697(16)
4651(9)

6089(4)
4575(4)
7750(4)
7533(4)
8201(5)
8772(4)
8478(4)
7321(5)
6837(6)
8259(10)
9544(5)
8937(6)

7356(4)
4859(4)
7552(4)
7001(5)
6251(5)
6320(4)
7104(4)
8443(5)
7247(9)
5551(8)
5684(6)
7459(6)

32.2(11)
38.9(13)
30.6(11)
42.2(15)
51.9(19)
40.4(14)
30.7(10)
63(2)
100(5)
129(6)
94(4)
67(2)

Table 3 Anisotropic Displacement Parameters (A?x10°% for specie A. The Anisotropic
displacement factor exponent takes the form: -2a’[h’a**Uy;+2hka*b*U;o+...].

Atom Up Uz Uss Uz Uiz Ui,

Rh1 235(2) 23.0(2) 23(2)  -413(13) 137(15)  2.26(12)
ci 55.1(9) 33.8(7) 49.7(9) -2.5(6) 26.3(7) -3.3(6)
F1 41(2) 63(2) 51(2) 13.6(19) -2.4(16) 18.2(18)
o1 37(2) 50(2) 38(2)  -13.7(19) -9.0(17) 1.3(18)
N1 30(2) 27(2) 35(2)  -10.8(18) 10.2(17) -5.9(17)
N2 30(2) 33(2) 31(2) -0.4(18) -0.9(17) -3.6(18)
c1 26(3) 49(3) 38(3) 11(3) 5(2) 9(2)
c2 35(3) 35(3) 58(4) 13(3) 17(3) 7(2)
c3 34(3) 25(2) 56(4) 1(2) 17(2) 02)
ca 23(2) 26(2) 39(3) 202) 14(2) -3.4(18)
c5 23(2) 24(2) 30(2) 0.2(18) 7.1(18) 3.2(17)
C6 29(3) 35(3) 32(2) 42) 7(2) 8(2)
c7 37(3) 31(3) 50(3) -18(2) 11(2) 13(2)
cs 35(3) 30(3) 28(2) -2.5(19) 11(2) 7(2)
co 25(3) 31(3) 72(4) -23(3) 16(3) 1(2)
C10 45(3) 61(4) 48(3) -30(3) -18(3) 33(3)
c11 65(4) 30(3) 27(2) 102) 9(2) 23(3)
Cc12 37(3) 24(2) 32(2) -8.2(19) 02) 302)
c13 100(6) 57(4) 35(3) 15(3) 27(4) 44()
Ccl4 49(4) 57(5) 200(13) -63(7) 68(6) -22(4)
c15 106(8) 164(12) 109(8) -91(8) 85(7) 96(8)
C16 199(13) 37(4) 51(4) 15(3) 45(6) 38(6)
c17 45(4) 71(5) 86(6) -40(5) 17(4) 21(4)
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Table 4 Bond Lengths for species A.

Atom Atom Length/A Atom Atom Length/A

Rhl1 CI1 2.3822(17) c2 C3 1.397(9)
Rhl1 N2 2.056(4) C3 C4 1.387(8)
Rhl C5 2.022(5) C4 C5 1.405(7)
Rhl C8 2.177(5) C5 C6 1.385(7)
Rhl1 C9 2.167(6) C8 C9 1.427(9)
Rh1  C10 2.251(6) C8 C12 1.425(8)
Rhl1 C11 2.247(5) C8 C13 1.487(9)
Rhl C12 2.160(5) C9 C10 1.449(11)
F1 C1 1.366(7) C9 Cl4 1.489(10)
01 N2 1.249(6) Cl0 cC1 1.405(11)
N1 N2 1.310(6) Cl10 Ci15 1.507(9)
N1 Cc4 1.423(7) Cl1 C12 1.429(8)
N1 Cc7 1.469(6) Cl1 Cil6 1.493(10)
C1 C2 1.368(9) Cl2 C17 1.492(8)
C1 C6 1.382(8)

Table 5 Bond Angles for species A.

Atom Atom Atom Angle/* Atom Atom Atom Angle/

N2 Rhl CI1 90.87(14) C4 C3 (2 118.4(5)
N2 Rhl C8 135.1(2) C3 C4 N1 121.8(5)
N2 Rhl C9 102.6(2) C3 C4 G5 122.4(5)
N2 Rhl C10 101.2(2) C5 C4 N1 115.8(4)
N2 Rhl Ci11 129.1(2) C4 C5 Rhl 113.9(4)
N2 Rhl C12 163.9(2) C6 C5 Rhl 128.3(4)
C5 Rhl CI1 87.13(14) C6 C5 C4 117.6(5)
C5 Rhl N2 78.5(2) Cl C6 C5 119.9(5)
C5 Rhl C8 97.0(2) C9 C8 Rhi 70.5(3)
C5 Rhl C9 113.9(2) C9 C8 Ci13 127.4(7)
C5 Rhl C10 151.8(3) Cl2 C8 Rh1 70.2(3)
C5 Rhl C11 152.3(2) Cl2 C8 (9 107.8(5)
C5 Rhl C12 114.7(2) Cl2 C8 C13 124.8(6)
C8 Rhl CI1 133.82(16) C13 C8 Rh1 125.6(4)
C8 Rhl C10 63.1(2) C8 C9 Rhl 71.2(3)
C8 Rhl C11 62.97(19) cC8 C9 C10 107.3(5)
C9 Rhl CI1 156.79(19) cC8 C9 Ci14 124.8(8)
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C9 Rhl C8 38.4(2) Cl0 C9 Rh1 74.0(4)
C9 Rhl C10 38.2(3) Cl0 C9 cCu14 127.3(8)
C9 Rhl cC11 63.1(2) Cl4 C9 Rhl 126.8(4)
C10 Rhl CI1 121.0(2) C9 C10 Rh1 67.7(3)
Cll1 Rhl CI1 93.75(18) C9 Cl10 C15 124.1(10)
Cl1 Rhl C10 36.4(3) Cl1 C10 Rh1 71.7(3)
Cl2 Rhl CI1 98.69(16) Cl1 Ci10 €9 108.1(5)
Cl2 Rhl C8 38.4(2) Cl1 C10 Ci15 127.8(10)
Cl2 Rhl C9 64.4(2) Cl15 C10 Rh1 127.3(5)
Cl2 Rhl C10 62.7(2) Cl0 Cl1l1 Rh1 71.9(3)
Cl2 Rhl cC11 37.8(2) Cl0 C11 c12 108.3(5)
N2 N1 C4 114.5(4) Cl0 Cl11 cC16 126.9(8)
N2 N1 C7 121.0(5) Cl2 Cl1l1 Rh1 67.8(3)
C4 N1 C7 124.4(5) Cl2 Cl1l1 C16 124.8(8)
01 N2 Rhl 125.3(4) Cl6 Cl1l1 Rh1 124.9(4)
01 N2 N1 117.4(4) C8 Cl12 Rh1 71.5(3)
N1 N2 Rhl 117.3(3) c8 Cl12 c1u11 108.2(5)
F1 C1 (2 118.9(5) c8 Ci12 cC17 125.6(6)
F1 Cl1 C6 118.7(6) Cl11 Ci12 Rh1 74.4(3)
C2 Cl1 ¢C6 122.4(5) Cl1 Ci12 cC17 125.8(6)
CciL Cc2 cC3 119.2(5) Cl17 Ci12 Rh1 125.8(4)
Table 6 Torsion Angles for species A.

A B C D Angle/* A B C D Angle/

Rh1 C5 C6 Ci1 -178.5(4) C8 C9 C10 Rhi 63.9(4)
Rhl1 C8 C9 C10 -65.8(4) C8 C9 Cl0 c11 3.3(6)
Rhl1 C8 C9 Ci4 122.3(6) C8 C9 Cl10 Ci15 -175.2(6)
Rhl1 C8 C12 C11 65.9(4) C9 C8 Cl2 Rhi -60.7(4)
Rhl1 C8 C12 C17 -121.3(6) C9 C8 Cl2 c11 5.2(6)
Rhl1 C9 C10 C11 -60.6(4) C9 C8 Cl12 Cc17 178.0(6)
Rhl1 C9 C10 Ci5 120.9(6) C9 C10 Cl1 Rh1 58.1(4)
Rhl1 C10 C11 C12 -58.2(4) C9 C10 C11 cC12 -0.1(6)
Rhl1 C10 C11 C16 120.6(6) C9 C10 C11 C16 178.7(6)
Rhl1 Cl11 C12 C8 -64.0(3) C10 C11 C12 Rh1 60.8(4)
Rhl1 Cl11 C12 C17 123.2(6) C10 C11 C12 cC8 -3.2(6)
F1 Cl1 C2 C3 179.3(5) C10 C11 C12 Cc17 -175.9(6)
F1 Cl1 C6 C5 -177.7(5) Cl12 C8 C9 Rh1 60.5(4)
N1 C4 C5 Rhl -0.3(5) Cl2 C8 C9 cC10 -5.2(6)
N1 C4 C5 C6 -177.0(4) Cl2 C8 C9 cC14 -177.2(6)
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N2 N1
N2 N1
Cl cC2
c2 C1
c2 C3
c2 C3
C3 C4
C3 C4
C4 N1
C4 N1
C4 C5
Cé C1
C7 N1
C7 N1
C7 N1
C7 N1

C4
C4
C3
C6
C4
C4
C5
C5
N2
N2
Cé6
C2
N2
N2
C4
C4

C3
C5
C4
C5
N1
C5
Rhl
C6
Rhl
01
C1
C3
Rhl
01
C3
C5

-177.3(5)
0.6(6)
-0.8(8)
2.3(8)
178.4(5)
0.6(8)
177.6(4)
0.9(7)
-0.6(5)
-178.8(4)
-2.3(7)
-0.6(9)
177.2(4)
-1.0(7)
4.9(7)
-177.1(5)

C13
C13
C13
C13
C13
C13
Cl4
Cl4
Cl4
C15
C15
C15
C16
C16
C16

C8
C8
C8
C8
C8
C8
C9
C9
C9
C10
C10
C10
C11
C11
C11

C9 Rhl
C9 C10
C9 C14
C12 Rhl
Cl12 C11
Cl12 C17
C10 Rhl
C10 C11
C10 C15
C11 Rhl
Cl1 Ci12
Cl1 Ci6
C12 Rhl
C12 C8
C12 C17

-120.4(6)
173.8(5)
1.9(9)
120.2(5)
-173.9(5)
-1.0(9)
-124.5(7)
175.0(6)
-3.5(10)
-123.4(7)
178.4(6)
-2.8(10)
-118.0(6)
178.0(6)
5.2(9)

Table 7 Hydrogen Atom Coordinates (Ax10* and Isotropic Displacement Parameters

(A?x10°) for species A.

Atom X y z U(eq)

H2 6464.86 3866.79 7210.75 51
H3 4561.12 3896.77 5998.3 45
H6 5712.42 6643.88 7694.35 39
H7A 1407.3 4269.92 5129.86 58
H7B 3157.4 4113.16 4809.82 58
H7C 1999.86 4812.53 4250.74 58
H13A 2557.32 6646.79 8441.44 95
H13B 2300.43 7643.77 8933.04 95
H13C 3970.63 7388.64 8541.65 95
H14A -1015.23 6769.33 6737.32 150
H14B -777.48 7062.58 7786.49 150
H14C 241.75 6222.11 7380.72 150
H15A -66.77 8571.42 5001.38 193
H15B -1286.36 8624.51 5799.25 193
H15C -793.26 7618.34 5397.52 193
H16A 3835.2 9544.37 5624.01 142
H16B 2366.82 10156.49 5926.32 142
H16C 2178.55 9438.24 5085.67 142
H17A 4983.83 9414.5 7022.19 101
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H17B 4465.41 9241.65 8044.26 101
H17C 5471.35 8456 7542.42 101

Crystal structure determination of species A

Crystal Data for C,7H,;CIN,ORhF (M =426.72 g/mol): monoclinic, space group P2:/n (no.
14), a = 8.543(4) A, b= 14.111(6) A, c = 14.684(7) A, = 92.284(7)< V = 1768.7(14) A%, Z = 4,
T=123.15K, w(MoKa) = 1.131 mm™, Dcalc = 1.602 g/cm®, 20794 reflections measured (5.424°
<20 < 55.7149, 4209 unique (Riy = 0.0438, Rgigma = 0.0322) which were used in all calculations.
The final Ry was 0.0573 (I > 26(I)) and wR, was 0.1788 (all data).
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VII. NMR Spectra of Products

££E—
L

s //[;’

=00¢
=5z0

16
700y
W\ %'l
]
i
z K
560

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5

8.5

1 (ppm)

Wwre—

9L
aViL—>
wq.th___.

9LETh
ELBEL|

LLO6L—

SYS-19040104_C13_CDCI3_2019-4-1.40fid

190 180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10
1 (ppm)
48

200



W
£y
v
ovL~
Ly
P

e

=He

=190

To0E

Eoro

e
£5°0
€9

ez
ogL
62T

-0.5

0.0

0.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5
1 (ppm)

8.5

b=l

5YS-19071101_C13_CDCI3_2019-7-11.10.fi

69°LL—

£l

pe9L-
Vil
peorril

WEZL|
LO°8TH
Z18TH
SERTH
08821
LO6ZH
S0°08)~
62021
£80L1F
0kl
SFPEL
ZFsel
£5°6E1)
£E6EL
£6°0F1
vk

i

52961 —

|

19 180 170 160 150 140 130 120  110_ 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

49



©
18y
"~

tn G2

‘- /,/ /ff/

=002
= £F0

7.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)

6.5

7.5

8.0

8.5

d

5YS-19071103_C13_CDCI3_2019-7-11.10.fi

e — —

26771 —
69°4Z1

622TL
00°8Z1
08T

89°8Z1
rez W
PL6TL] JE—
t...mi [ —
£6'6Z1
oLogh
rLoch
1rogL
60EL
9LPEL
9Ll
restl
9T 6Ll
oy

-+
~
2
2

¥L961—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

200

50



£FC~
e

0EE—
e

Siee

LTS

T ere

o

r///// !

0o
4 e

e
0Z'o

ok
Hﬁ 90t
oy
W w
e
w_/_ 9L
660

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

7.0 6.5 6.0 5.5 5.0 a5 4.0
1 (ppm)

7.5

8.0

L1 o

09FE—

£8ETH
LLBEL|
ZE8TH
FEEEL
FLEzh
157621
FO0EL-
LLOEL
_:.._E.N
PeLEL
9rel
SEPEL

reo6k—

19040102_C13_CDCI3_2019-4-1.30.fid

SYS

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

200

51



zee—

86'97
0oL
L
eKL
L
SKL
L
8L
L
zTL
TL
€219

d
@
~
~

N 0o e Ex X} w0
583383888833

-19041902-CDCL3-H1-2019-4-19.10.fi
&
~

////

=00¢

961
Ty
o5
Fi89

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.5

7.0

7.5

1 (ppm)

d

19041902-CDCL3-C13-2019-4-19.10.fi

SYS

GFPE—

real

—

aid
ww.hh\ﬁ

fhIuy
e

£0°8 _.—W
97811

S0'5Z1

£bezl>
ZEBIF
rrazf
18871

06621 {f
667621
627021
SLPEL]
naeni
£pogL

-
b
]
&
b

8111
ST°LLL
LE0F1
PPl
o9l
06791

m.va_.v.

6
09761

I MM

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)
52

200



LTE~ (L01]
st \ O 5 3 Loz
o=2

-]
Ll
bl
[/,
I
2
-1

p
K

g
2

28 26 24 22 21

38 3.6 34 32 3.0

48 45 44 42 40

1 (ppm)

58 566 54 52 50

68 6.6 64 6.2 6.0

76 74 7.2 7.0

2 80 7.8

rE—

99°Ez1
SE4TL|
61821
0£'8z1
£4°821
80621
SI6Z1
88621
oLtk
Lotk
LLEL
£6°EL)

oFF6lL—

5YS-19071104_C13_CDCI3_2019-7-11.21

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

53



99—

6TE—

—
—_
=
e
-

=00¢

=o0g

oz
 cow
Fa
= o0¢
T

'L
£ o'k

1.0 0.5 0.0 -0.5

1.5

20

25

5.0 45 4.0 3.5 3.0
1 (ppm)

55

0 6.5 6.0

7

75

8.5 8.0

9.0

61792 —

Leg—

LEETS
u—.th
i ¥ S

621 —
£T8Z1
28T
LIBEL
SI6ZL
PO0EL
£9°05L
L80gL
£205L
60¥EL
£E¥EL
215EL
L8SEL
6LOFL
PEERL]

o BEEPL

'96 761~

6L

SYS-19071110_C13_CDCI3_2019-7-12.10.fi

110 100 90 80 70 60 50 40 30 20

1 (ppm)

120

190 180 170 160 150 140

200

54



0g'e—

L6'E—

i s

I/

I

=o0e

=00

50z
m T
e
o0t

“6LE

=0k
160

0.0

0.5

8.0 7.5 7.0 6.5 6.0 55 5.0 45 3.5 3.0 2.5 2.0 1.5
1 (ppm)

8.5

eVEE—

65726

ow
- S o
g oo
X
iy

L3¥6L—

19041202_C13_CDCI3_2019-4-12.22 fid

SYS

| | \HIM

190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20
1 (ppm)

200

55



60°)
_._.._.W
4

S8°¢
98¢

06°¢

WLy

5 GbL

b 17

in SF°L°

JJ

e

Fooz

Tio9

Feoz

7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

7.5

8.0

6

oL —

o

||

LELIL
SLBLL
6E'ETL
85621
7552
9’821
£l
Le'8zL
L6821
PR6IL
L8621
z8°08L
[T
00FEL~
BLVELT
685EL
T6°58L
LOFPL—

fid

= PG —
85—

b

10

85°E6L—

SYS-19071108_C13_CDCI3_2019-7-12

L IJ

100 90 80 70 60 50 40 30 20 10
1 (ppm)

110

190 180 170 160 150 140 130

200

56



20

30

40

50

60

70

80

90
1 (ppm)
57

10 100

120

s
L e
s
L=
2
L=
2
) 1ePE~
eEE L e 0558~
e o
29
099 &
199 L e
769 o
£6'9
¥6'9
%69 l o
96'9 -
669
0L S _ z6')
0L - 887C | =
“M.M 9Ly
0l avLLy
80°L o ITel
60'L M [12]
oL zT'0zl
i —  L60ZL
WL L wE  EE1Z
) <2 66T
e = 99'9Z1
i 89471
8L | = 51'8Z1
6Ll w 628z}
W@ sE'8z1
2L 2L'8z1
6L | @ S8zl
6L w0 05'8z1
0L z9'8z1
0L $9'8z1
2L L o 18z
ves @ +6221
el LL6Z 1
o 616211
oL | w 65521
Wl \ 60 | @ 9g'SeL "
L N 860 zE9th
6L o 6691
[T N e  Eeric
o L ~ o Berin
£L 7 ss el
0L T 6ELL)
192 // e SELvl,
L N ™~ c0LeRL
. o
MM.MV \ 0 9685k~
91551
908 2 S
B.mw N Fegh | ® w
L0 =)
e, , a0 e F
S avoLi-.
SEKLLLET
le ¥
L) &)

150 140 130

160

170




89°L
69°L
—.h.—.w
<Lk
v

—
~—~
~
~—
=
—

e0g
W 00'e

Ml 00e

iy
16}

'k
06T
860

3500
Los'L

7.0

0.0

0.5

1.5

2.0

25

3.0

4.0

4.5

5.0

5.5

6.0

6.5

7.5

1 (ppm)

SYS-19041903-CDCL3-C13-2019-4-19.10 fid

86702 —

SYLE—

e —

8oL
e—.hhw
8Ll

82071,
03221
yZ'BzL
0r'8ZL
18°8T1
ZV6ELY
LL6ZL
17081
0£°0EL
ZL0EL
TLUEL
9P pEL
£0°GEL
26°6EL
00°0¥L
roLpL

(3811 S

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)
58

200



SYS-19071105

T —
SET—

g~
gee”

-

o

~
=

_J

s /f/J’}!

I

66
S0
00°¢
S0

00°€
ﬁm Lo

502
W\rn.ﬂ
e

oz

3.0 25 2.0 15 1.0 0.5 0.0

3.5

4.0
1 (ppm)

4.5

5.0

8.0 7.5 7.0 6.5 6.0 55

8.5

8Y8-19071105_C13_CDCI3_2019-7-11.21.5d

[ T

erreE—

0e'96 1 —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

200

59



£6°0

560
160
160
66°0-

oy’

il
61T
—N.pr
£7T
57T
¥eg
un.wﬂ
157
682

beE—

[e]

==

3n

S

S

009
(4]

Tooe
00z
oo

Fare

380

= 860
g1
g0

7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 0.5
1 (ppm)

7.5

8.0

5YS-19040801_C13_CDCI3_2019-4-9.10.fid

Wil
en.n—\
00761 —
erie—

E1sE—

807261 —

3n

“tUH

19 180 170 160 150 140 130 120  110_ 100 90 80 70 60 50 40 30 20
1 (ppm)

200

60



w0
re
o Le
— =
\ 7]
|
e °
(o] o«
=
\ =
z
/ rrE—
o=z
L
L=
o~
L
o~
L2 F80L
“ E.Eﬂ«
iot— — L Z e Sl
T T A
©
A
a
F28
- 80°ET1
= L0271
[IyHE
- 80°BZLY
e 95°8Z1
167621
LG6EL
9£°08L—
i PLLEL]
s8zEl
SPPEL
= £EPEL]
F670 [ ZE5El
560 zT el
9601 - S96EL]
w_wm @ < sorL!
. w
YA i
LAY o
PR — T Lo &
s T~ 5
Ly — e ]
S1L il |
§8L [ g
L — Treze 2
fi Joas L@ Ja]
sl = dreee [~ 3}
s = =501 o
052 O
it T E
05't] £ 9EPEL—
Z0°2 4
£0°2 Fa h
60t 3

-10

60 50 40 30 20 10

70

0 80
61

100
1 (ppm)

190 180 170 160 150 140 130 120 110

200




///.;//

3p

=9LZ
o0

o0oe
Waa.w

T

75

0.0

0.5

1.0

15

2.0

25

3.0

35

4.0

45

5.0

55

6.0

6.5

7.0

1 (ppm)

"

S5YS5-18121101-CDCL3-H1-2018-12-

08'9~_

&ZLi—

eeL
geL—
8L~

13
3 @
~

Lo L A N S e o N A A N
VNN

558833453883

Qeas

roTe

A

69k

e

—VNH_.

e

08’k

rLee

7.05

695 690 685 68 675 670 66

7.00

770 765 760 7.55 750 745 740 735 730 7.25 7.20 745 7.0
1 (ppm)

775

62



5YS5-18121101-CDCL3-NOESY 1D7.28-2019-12-12
0

22 3 2235 22
I SV Vi
and

He:

HB\ \

Hy.Hy

Hs.Hs:

T T T T T T T T T 1 T T T T T T . T T T T T T T
775 770 785 70 755 750 745 740 735 730 725 720 [1.15] 710 705 700 695 690 685 680 675 670 665 660 65
ppm

SYS-19121101_C13_CDCI3_2019-12-11.10fid
@ ©

avnwnvwnnnr-lswm-—r-nm-—«wﬂnu—wvlnwcoga oMM
oo MNRON - M N - OO OVDOWOONMrORNRNTND—O « D WD ™ - oo
e v'm-'r‘q'«'coon.....muprrrfaooocmmmn-wammm‘m ” A
o o WWOWOLSLTLTLTLTOOOOOOOEOOOIOOO OO OO N NN NN - T 3 -
e CeRRIIIIIRRRCRC2RRRRRRRRRNNNERNYTEET a8
'Y S T | et | 'Y
o o
H |
e N
Y )
z =z
and
O ’ O
F
3p 3p°
Lo Mm I ‘ ] J . - |
T T T T T T T T T 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 70 60 50 40 30 20 10 0

1 (ppm)

63



LA

i/

-

Fo0¢e

Fros
= 0°E
FLOL
FE01
L0t

FooL

0.0

0.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15
1 (ppm)

8.5

9.5

ble—

16°GH
19'224
azvel
£1'9Z4
09924
£ 240
o' 1Zh
9e'8zk
SL8Th
89624
o ek~
0e'zeL"
66'7EL-T

id
0
<
0
©

f
2
g
3

|

Lbeg—

GZ'9LL—

2019-08-20 shiyueseng-SYS-19061401 11

170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10
1 (ppm)
64

180



SYS5-19061402-CDCL3-H1-2

vy
0
80'%
60’

— ot

~— IL ooz

90°c
tee
50z
Ww:
g1l
Reoy
i
Yo'l

s

- 860

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

5.5

8.0 75 7.0 6.5

8.5

8.0

vk —

TLEY—

20°9LL—
19824
8L1TL /
92°921~"
VLTV %
18124
£6°LZ)
L8824
L824
o BE6Z
i
S sezel
i 86PEL
o 86681

o Euo .\

8
g

STl —

S5Y5-19122501-CDCL3-C13-2019

10

20

160 150 140 130 120 110 100 0 80 70 60 50 40
1 (ppm)
65

170

180



o
Fa
| = og'el—
s
~ Fzze 986, —
L =
~ ooz |
| @ 1908—
2
N Frez
o
[ o
= 99y —
e
o
e
L=
-
~ = Fooz | 2
-
o
=
E
o
a
F &=
w
e
o
Fa
19—
| o l9'ezL
© 3.3_‘%
[N
W012F
P2 vS'L2h
N TB.N 61221
- #00°€ 82824
N B0 | o 52824
N FOL [~ T 17621
N FLoL ek
- o 62ZEL
F2 F 15veL
3 6'sel
> R.SC\,
L= o PHEg
[ =
. = G0 o
&
2
L e &
= 4
g
=
£
5
L= =
@ o 629 —
3
o @
re &

10

80 70 60 50 40 30

90
1 (ppm)

0 130 120 110 100
66

14

170 160 150

180




SYS-19062805_H1_CDCI3_2019-6-27.50.fid
55885888388
e e NGNS
Sy

A

F 002

o
eeyS
~oies =

oo

0.0

15 0.5

45 4.0 3.5 3.0 2.5
1 (ppm)

5.0

5.5

6.5

7.0

7.5

8.0

8.5

9.0

)

5YS5-18062805_C1

eLres—

eT L —
o8'ezt

mn..vmr%
Y982~

9g'921L
66°9Z1
68°LZ1-
697221

99°9L—

Bn

Ph

Ph

4ad

L n\ll“\

20

170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)
67

180



@ =
@~
w0 <

—

o £9'L

WA

SYS-19061702_H1_CDCI3_2019-6-17.240i

109

Fa

o
@eod
2e2g
e

o, 7 =
8

F o0

0.5

1.0

1.5

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.5

9.5

1 (ppm)

vz

eLEE—

'so'sLL—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)
68

190



oo
x]

S5YS-19062804_H1_CDCI3_2019-6-27 4
333

o

Fooe

=180

9.0 8.5 8.0 75 7.0 65 6.0 55 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
1 (ppm)

8.5

8v'zy
mm.«.vv

Z8'81h
5061
oL'Ezh
£1Ezl
89'E24
96'€Z}+
Wzl
nv.mN:r
65°42h
PETIRS
71624
viezhf
90°0¢1
rarst
1£°2e1]
ezel
6L el
szeel
eI
205k
yvel

el —

50 40 30 20 10

60

170 160 150 140 130 120 110 100 90 80
1 (ppm)

180

69



99T —

zge—

SYS5-19061405-CDCL3-H1-2019-6-14.10.fid

L

0.0

Fooe

TFooe

Fere
wOLY
=0k

980

2.0 15 1.0 0.5

25

3.5

9.0 8.5 8.0 7.5 7.0 65 6.0 55 5.0 45 40
1 (ppm)

9.5

wT—

Llie—

€9l —

5YS-19061405_C13_CDCI3_2019-6-20.

170 160 150 140 130 120 110 100 90 80
1 (ppm)

180

70



ge—

669

Faa

Fooe

L

M H/mo.w

=T
Fog'l
80k

Fook

25 20 15 1.0 0.5 0.0

3.0

6.0 5.5 5.0 45 4.0
1 (ppm)

6.5

75 7

8.0

8.5

68°LE—

08'GHE—
€ v
Na.ner
N_..mw_..\
L'zt
mm.nmr\
§9°9Z1
¥0'6Zk
€621

88°GLL—

b

Y
o
o
5
o
3
e
=
o
D
o
@
o
~
o
@
T
oga i
a8 ~
=
o
=
e
o
=4
o
151
o
o
o
o
=
=
o
5
2
o
@
@
o
=
=
o
@
e



000—

89—

CDCI3_2019-6-17.230.fid

SYS-19061701_H1

e

— =0t

M Rogs

=0

o'k
Ms._.

=00l

5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

8.0

8.5

L67Le—

8L —
8Lzl
ov'9zh
22924
99221
LT
£9°'821
20621
¥9'62}
96621
8e'LEl
& es'zel
w 08'PEL
2 gg°gel
< B.mﬁ\
o' LVTEh

BTGLL —

SYS-19061701_C13_CDCI

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
72

180



o

CJ-19061001-CDCL3-H1-2019-6-1

e —

gg'e—

Ll
2oL
0L
£0°L

50t
90'2
60'L
[
e
kL
ers
L
ke
Fin w

mN.nW

L On o
104 S NN A
[N

S88ERT
BINNIINININ

r~w o

e

-~

e

Fooe

Foo'e

bess

98T
o'l
960

Foso

0.0

0.5

2.5 2.0 1.5

3.0

4.5 4.0
1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

volz—

elie—

£8'GH —
£LyeL
81924
29924
989z}
iz
6£'824
12824
2262k
9g'lel
2 19gel
R leeel
S 1zgel

9el
3 Nm.mnr\‘

2T9L—

CJ-19061001_C13_CDCI3_2019

80 70 60 50 40 30 20 10

90
1 (ppm)

170 160 150 140 130 120 110 100
73

180



gg'e—

SYS5-19061404-CDCL3-H1-2019-6-14.60.fid

I

ve

Fooe

Fe60

0.0

0.5

1.0

1.5

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

8.0

9.5

1 (ppm)

6086 —

v8'9L
mv.tw
8Ll

LU
mm.:rv.
vl
Nm.mer
Loz
mm.nurw
nn.mur\v
L8921
[4: k43
eL'8Zl
61821
88Tl
o L6'821
= 19'621
[ %%
8'vel
ro'sel
S0'8el
6€°2G1
nv.mmr“‘\
3091

e4'6LL—

2019-08-20 shiyueseng-SYS-19061404 .1

| | ”uhuJ A

80 70 60 50 40 30 20 10

1 (ppm)

74

100

160 150 140 130 120

170

180



1]

S5YS-19070202_H1_CDCI3_2019-7-2.40 fid

e

L

Fooe

o6

Fese

=8v'e
FooL

F66'0

Fie0

3.0 25 20 15 1.0 0.5 0.0

3.5

8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0
1 (ppm)

8.5

9.5

L08e—

bWoe—

v8'9L
m_..tw
8 LL

ez9Ll
oge'szl
5ozl
£1ozl
59zl
9121
85'8z)
10621
296zt
80°0¢l
R._‘m_‘%
S.Nn_%

zLvel

id
@ o
o
<0
+

292Gl —

'0z'994—

2e9L—

SYS-19070202_C13_CDCI3_2019-7-2.30.fi
)

90 80 70 60 50 40 30

1 (ppm)
75

100

140

150

160

170

180



Q

SYS-19061406-CD

902
no.NW.
602
:.~\
zre
no.n/

e
no.m.\‘

8l
nn.nw
8

-

ok

Fooz

Feel

Fuoz

Fue
€T
vo'l

T

FooL

3.0 25 2.0 15 1.0 0.5 0.0

3.5

6.0 5.5 5.0 45 4.0
1 (ppm)

6.5

7.0

9.0 8.5 7.5

9.5

80772 —

008z —

0805 —

a9l

8rLL

SE'ETh
60'VZh
9¢G'GTL
82°9Z1
LL9Zk
06'9Z1
mm.nmv\
8r'8zh
vL'8Zh
15621
S9'LEL
€8'vEL
06'SEl
vZ'eel

671G —

2ol —

170 160 150 140 130 120 110 100 30 80 70 80 50 40 30 20 10
1 (ppm)

180

76



12e~
e

ge—

srr /'fJ

=e0'E
eoe

o0e

T

z07
ﬂna.m
L0k
Eeo)
EZ0')

o0k

2.0 15 1.0 0.5 0.0

25

3.5

5.0 4.5 4.0

1 (ppm)

55

9.5 8.0 8.5 8.0 75 7.0 6.5

0.0

[4%4
v EV.

Wie—

v8'9L
m_..tw
8'LL

98'GH —

05'ezl
R.w«_.%
29924
o' 22)—

eeazL
L6zl

£9'9LL—

5YS-19062806_C13_CDCI3_2019-6-27.20.fid

170 160 150 140 130 120 10 100 90 80 70 60 50 40 30
1 (ppm)
77

180



4
o~
~
~
M

©
~

e

s ///

.

Fooe

Fioz
Feov
FE0T

o0k

o011
Foo'L

Foo't

0.0

1.0 0.5

1.5

9.0 8.5 8 7.5 7.0 6.5 6.0 5.5 5.0 4.5 40 3.5 3.0 2.5
1 (ppm)

9.5

0g2e—

Ll
erH
FINIT
1651
0091
Lozl
86°EZL
£9°92L
SKIZL
Loogt
obogL
00°LEL
ro'iEL
E5LEb )
Lo'LgL
[y
95251
roeet
BF L —

21.10.fid

PEISE—

019-6.

61091
H_ne.::M
g eozar;
g reses

|
el —

SYS-19062104_C13

|

)

-

ol

180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)

90

78



9L

0w
00
© o

SYS-18062102_H1_CDCI3_2019-6-21.20.fid
33
oo
N

|

0.0

y

///f/f

Fooe

Broz
Epoy
»90T
e
Eerl
0L

ook

0.5

1.5

2.0

25

3.5

4.5 4.0
1 (ppm)

5.0

9.0 8.5 8.0 £l 7.0 6.5 6.0 5.5

9.5

id

S5YS5-19122504-CDCL3-C13-2019-12-25 10 i

e le—

86°GHE
g€zt
6L'¥Z1
19°9Z1
09421
[1%:143
eL'ezl
£0'LEL
6v'Zel
6L°TEL
[1:x44
9eel-~
Nn_..vnr.\
or'sel

P
®
2
T
T

L0016 —

0L'9Lk—

170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10
1 (ppm)

180

79



00'0—

Bk~
Ze—

gg'e—

s /f///

",

MWL

00'e
vo'E

Fooe

Foo

25 2.0 1.5 1.0 0.5 0.0

3.0

4.5 4.0
1 (ppm)

5.0

5.5

8.5 8.0 7.5 .0 6.5

2019-06-20 shiyuesel

e vnv

SvIT

Lie—

v8'9L
m_..tW
8 LL

-4
@
®
=l

eVl —

i

1

20

80 70 60 50 40

1 (ppm)

80

100

180 170 160 150 140 130 120

30



95’

=

=

Vv ///f/

1l

J

_—

Fooe

il
mmo.v
250k
90
80}
MNQ.F
00’k

FootL

7.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05
1 (ppm)

6.5

8.0 75

85

9.0

9.5

" O

66'GLL—
gleTh
t.vﬁ/
19°92}
E.wﬁum
9v' 221
08'22}
66'8Z )]
L7621
§5'62 ]

0
©
o
o

5 €0°0¢€} |
AV IEL]
Y 08'2€L
T n.v.mm_..ﬂ
LVEL
2 9E1
€ LEL]
T
2061

10fid

21

@ o oo o

|
66'GLL—

5YS-19062101_C13_CDCI3_2019-6

Cl

4s

|

1 lIll“W“ Il

10

20

50 40

60

140 130 120 110 100 90 80
1 (ppm)

150

160

180 170

80

81



id
I
~
~

SYS-19062103_H1_CDCI3_2019-6-21.30.i

|

v

-

I\

Fooe

Forl
Fo0L
160
FooL

060

5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

5.5

9.0 8.5 8.0 7.5 7.0 6.5

9.5

zroe—

YLV
L6°FLE
(4100
£G°GLL
LG
06°GHE

T
PLETH
81821
£2°8TH
99'274
89'22H
V6'ETH
28921
95921
£V LT11
20624
91624
PE0EH
98°0841
82704
Z8'1el
eg' Ll
S9'bEk
£LbE
£6°1E1
Ay
2gzel
lgeet

8E bk —

T ——

d
3
~
3

|

e 281

s
61091
0

n.rm_r.\v

10621
nn.nh_‘v.

SYS5-18062103_C13_CDCI3_2019-6-21.10fi

|

120

50 40 30 20 10

90 80
1 (ppm)

100

110

170 160 150 140

180

190

82



L4
ak'L
8Ll —
[N
ee'l
g’

(754
€T
8.2

L=
687¢
162
£6'¢

g6'C

18e—

SYS-19072201_H1_CDCI3_2019-7-22.10.fid

I

s

eoe
=0

Fooz
Fzoz

Fooe

eo'l
0L
Fzo'L

ook

8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)

8.5

9.5

6V ELT
LEPH

zr6L—
£8'€2~

68've—

4u

STEH—

HETE
R.mm_‘w
12°921
-1
og'LeL”

gLl —

€925 —

994 —

180 170 180 150 140 130 120 110 100 90 80
1 (ppm)

180

83



139

SYS-19062001-CDCL3-H1-201

99'¢

L9
L9
£8'9
£8'9
¥8'9
g8'9

G0°L
902
2L
L
Ly
vl
vl
il
il
95'L
8g'L
7
WL
(792
€Ll
eLL
L7
Sl
6g'8
94’8

19'8

B e

.

/I .

s/

Fooe

Hrmw.o
990
chm._.
=Zl0
LSL
880

H\ww.o

Fli90

0.0

0.5

8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5
1 (ppm)

8.5

g0'8e—

§6°9L

Ca =

Le°LL

(%197
LT'6LE
g..vw_.,/
mm.nm_.

66'9Z)
ozl

LGl —

80 70 60 50 40 30 20 10

90
1 (ppm)

170 160 150 140 130 120 110 100
84

180



-19120901-CDCL3-H1-2019-12-9.10.fid

€T —

———— B0t

07— F90¢

Hooe

JJ.LLL

—
=

&ZT—

- vee— — — Fut

35

1 (ppm)

4.0

269
569
169
869
1oL
gL
gL
VL
L1
9L
- 9L
Fe 2Ly
L

45

5.0

88l
mmed

8z¢C
Hrme.N
01
Eoo1
EL0L

id
3833
LA

3

S

iy
-

srr I

.5

6
i

BBEBENNRNLS

00 0000 WM NN N

2
s

S

R 00Z == ool

60

7.5

=
[

T
7.0
SYS-19120903_H1_CDCI3_2019-12-9.20.fi

0.5

3.0 25 2.0 15

3.5

4.0

4.5

85

1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

9.0

15



SYS-19120903-CDCL3-NOESY 1D3.54-2019-12-10
o

g2 =zee 2
VR TL

\ \

— 7 T — T T T — T
86 84 B2 B0 78 7.6 74 72 70 68 66 64 6.2 60 58 "5(.5 ?.4 52 50 48 46 44 42 40 3.8 36 34 32 30 28 26
ppm

SYS-19120903_C13_CDCI3_2019-12-10.10.fid
8 R8 3 SESABRRITIAGBINRSG S ~
© @ = =3 PR B B T R ] d b
= L o RECCERERRRNURHERETET 5 &
Il I [ e

| ull]‘ll[' N

T T T T T T T T T T
180 170 160 150 140 130 120 10 100 90 80 70 80 50 40 30 20 10
1 (ppm)

86



2T —

§ge—

s ///

reoe

00¢

Froz
e
102

7.0

Fzoy L
=00'L
FLL

Foo

35

5.0 45 40
1 (ppm)

55

6.0

6.5

5YS5-19120902-CDCL3-NOESY 1D3.55-2019-12-10

002~
Lz

994~
5L

J

)

34 3.2

3.6

72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38
1 (ppm)

7.4

7.8

87



6T 12—

997l —

I

LETLE
[{-n 434
LE'GLHE
34247
69°€Z1
18°9Z}
LTk
91'6Zh
ezl
08'LEL
e8’lel
Lzek
28T
26°ZEk

- 00°EEL

“ 98'8EL—

6V P —

[2:4] S
|

09k —
Tk —

58

€29 —

19120902_C13_CDCI3_2019-12-10.10

SYS

)

Fe
Le
=
Le
~
Lo
®
Lo
-
Le
=1
Lo
©
Lo
~
Le
@
LeE
- o]
2 o0
=
=)
=]
=
=]
o
]
o
o
]
=
3
o
]
2
9
F o
2
o
=
=
2
=]
2




69'E—

SYS-19041002

Ph

Ph

ba

¥ 90T
00}
00°L

3.0 25 20 15 10

T
35

40
1 (ppm)

45

6.0

6.5

7.5

8.0

8.5

oriE—

§6°9L
il
LELL

0L'60L—
uﬁ.u—.:_,r

SL6HL

nw.eu—./

(443

ma.murJ_,,,
VLT /
gL'zl

2 S.uu_.W

< 25°824

2 10'0ek %

Ph

Ph

5a

150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

160

89



SYS-19071106_H1_

Ph

-/

Ph

5b

"

wt

w0z

10z
000k
2 00k

EG°GE—

8L'8e—

T
40
11 {ppm)

28
A
s

'5
SYS-19050503_C13_CDCI3_2019-5-5.20 fid

Ph

Ph

5b

M

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
1 (ppm)

80

115 110 105 100 95

135 130 125 120

50 145 140

90



kit bl 02 b s it
B e

RBEIIIN]RLIZRE

oe.vV
20"
ov.“\

V'L

3_2019-7-12.20.fid

338588888
Ll

8
~

~ = zot

\ F 107

AN F vz

Ph
Ph

5¢

\ LTSN

\ o2z

PR $0'04

X 'L

\ ook

75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 15 1.0 05 0.0
1 (ppm)

8.0

SYS-19071202_C13_CDCI3

sLeL—

8oz —

sTee—

Lrev—

8’9l
Wi
8vLL

Ph

Ph

5¢c

1 (ppm)
91

T T
100 80

T
110




8§z —

SYS-19071505_H1_CDCI3_2019-7-15.50.fid

Ph

Ph

e P

5e

_voc.n i

Fooe

06'0

S0°L
(3
€02
80°L L
=180

T
7.0

6.0 55 5.0 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
1 (ppm)

6.5

8.5 8.0 7.5

9.0

02—

Hie—

vaoL
c—..h...W
8l

0601 —
SO°SHE
L 18%

02T /
mm.#u—/
15°62Z1
20824
9T'8TH

ez —
v6'6247

oekel
6LZEL
Zzek \
GG°GEL
vZLEL
88LE)

Ph

Ph

5e

mhh

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

1 (ppm)

92



SYS-19071903_H1_COCI3_2019-7-19.40.fid

Ph

we—

gRNgeeet
8

25s
X3
~es
ST

ga;n
Bt
NN

=

5385
NN~

Ph

5f

I oo¢

F coe

F 902
Fuor

004

1 (ppm)

8912 —

e—

8'9L

Ph
Ph

5f

uq.h\

W60l —

vevhL—

2ige—
g 8weeky
o §§'5Zh\
NETYTIEN
& 90'8Z4
78k
m:«.:_
5 vo62)
g Lo0et
162°1E4
2zze

. C
2 &
3

2 L6°Le)

SYS-1907

80
1 (ppm)
93

140 130 120 110 100 90

150




9¢—

Ph

Ph

59

7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 2.5 20 1.5 1.0 05 0.0
1 (ppm)

6T e —

Ph

Ph

59

Lg'70L
mn..vn__.v

0E'0kE
0¥ 0kE
EVO0LE
69°0kE
[4:4-11]
287611
v8'szl
mn.hm—.w
[ gx4]
P24
er'8zl
69821
8L'62Z)
6LLEL
B8LLEL
vivel
ve'vel
rr6el

09°2G1—
¥8'65L —

170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10
1 (ppm)
94

180



e
£6'€—

2

SYS-19071503_H1_CODCI3_2019-7-15.30.fid

Ph

Ph

5h

£

=10¢
=00'¢

» L0
209
S0y

oo'b

Foo's

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

10.0

8L —

PeIs—

oL'sL
WLL
eeLL

Ph
Ph

—_—Z

5h

.

70

90
1 (ppm)

T
100

T
110

95



oo

Ph

Ph

NC

All

5i

N

Fooe

T

7.5

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
1 (ppm)

7.0

85 8.0

9.0

SYS-19071

SeEIE—

8'9L
VL
8v'LL

Ph

Ph

NC

5i

! 1“'\“11 |

1 (ppm)
96

T T
110 100

T
120




8588888

SYS-19071502_H1_CODCI3_2019-7-15.20.fid

05

1.0

Ph
Ph
Y

—_— e

1.5

2.0

o
/ [~ 19—

3.0

8’9l

Vi
99't— - H = 00¢ 8¥'LL
98'e— o} 00t

T
4.0 35
1 (ppm)

45

VoL —

6.0

o
o

1£9°8E1

NN

878
Chpebe

U
epsL—

oo
28
~~
\
D
75

7.0
SYS-19071502_C13_CDCI3_2019-7-15.10.fid

835588
N
8.0

Ph
Ph

5j

70

1 (ppm)
97

.m“Ll 4 )

160

170



Ph

NNT O®DINIE O o

R R RRRMNN

L N e ol o e

©

NoOQ® oo
IR man
M~
)

]
s

0
~
e

5YS5-19093004_H1_CDCI3_2019-9-30.40.fid

Ph

5k

[S— — Fo0t

zvL
Wm:.
o'l
Wue.v
£0Z
Ms.n
W'k

/j/[/ s

0.5

5.0 45 4.0 35 3.0 25 2.0 15
1 (ppm)

55

6.0

6.5

75

L9ee
nh.nnv

18°L01
667201

LV GLHE
LE'GLE
60°9LL

Lakk
0z-0zk
szl
or'szh
mv.mﬁw
1652}
'8zt
ezt

2 85821

> 86°621

86°0¢k
£0'bEL
el
15181
W
B
g
K

fid

Vel
Z6EL
vl
97 kG 1

SYS519093004_C13_CDCI3_2019-9-30.10

Ph
Ph
5k
50 ) 20 10

60

70

150 140 130 120 10 100 90 80
1 (ppm)
98

160

170

180



5m
JL L
oy i) rt
LI L 2 G
T T T T T T T T T T T T T T
15 LI 75 70 &5 60 55 50 45 40 35 30 25 20 15 10 s 00
1 (pom)
SYS-19072301_C13_CDCI3_2019-7-23.10 fid
8R83353IT8I8EN 8 3 wow o~ o
ARNRONTONRDNNS S o =3 b S0 = o
L2e222TTTQVIIT £ 2 NN s &8
B S VA | N '
|
Cr
5m
| H l 5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 90 85 0 65 60 55 50 45 40 35 30 25 20 15 10 5 O

80 75 7
1 (ppm)

99



NOW-ZC-5YS-01.1

BT~
ez

11

# /:/f/

5n

£0e
wm e

Fooe

66°0
o
009
6L}
Mhm.o
501

960

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 30 2.5 20 1.5 1.0 0.5 0.0
1 (ppm)

85

Wiz
«o.—.«V.

z6'0e—

es.nh
NO.RW
eeLL

5n

L “]“ “ L {

T T
100 90 70
1 (ppm)

T
110

100



L

RTY88855833

[ e e L
N

CJ-19071803_H1_CDCI3_2019-7-18.20 fid

M

L

e

Fooe

11y
A 33
ek
ook

Foo

4.0 35 3.0 25 20 15 1.0 0.5 00

1 (ppm)

4.5

L9SLN
i/

5p

Il

ll

FR

Fa

He

1 (pom)
101

F8




SYS-19093003_H1_CDCI3_2019-9-30.30.fid
b4
~
\

1

Fooe

o'k
(4:34
i

=160

T

4.0

T
4.5

1 (pom)

70 6.5 6.0 55 5.0

75

e

¥

1] mH ‘” 1

1 (ppm)
102

T T T T T T T
150 140 130 120 110 100 90

T
160




6Lk
e
2
£
7'
T

Wz
ez
ST
au'z
8Lz
08’z

9¢—

83835203888

NN NSNS~
NN et

SYS-19093002_H1_CDCI3_2019-9-30.20.fid

tsr

5r

o
F o
P’
o
L
+00'9
-
o
Mo~
=
~
=il L00v
L 2
e
P
o
— =00'¢
=
F<E
-
8
| ©
-
Le
-
©
o
-3
©
L. °
@
o
660 [~
00k
0L
L o
=860 [ ~
L S
=
L@

fid
N

SY$S-19093002_C13_CDCI3_2019-9-30. 10

L0°6)
691 V
L
;.: 7

vL801—
18ZH—
P

ety
190z

8922 —

9EL~

20'8¢L

I

5r

pll:co]

T T T T T T T T
160 150 140 130 120 110 100 20
1 (ppm)
103

T
170




CDCI3_2019-12-11.30 fid

o

SYS-191210

9€T~
Wz

mm.nv.

ol'e

N
~

~

~

5s

™
0w
[=X-]
oo

87
X 8T

Erer

e
88

4.0

4.5

5.0

55

6.5

7.0

1 (ppm)

=]

6112~
vz

n_..—nv

0T’

eLe0k
6€°0LL

|
N
5s

e
6E°GHE
19SHE
LIGLL
66°GHE
Zz'9kL
S0ZZh
L6'7ZL
66721
60'92h
6v'6Zh
£6°9Z4
6924
wizvy
98'821
a1
ar'6Zi
£9°6Z1 1
624

—

1l

o |

l

80

100

110

120

130

140

150

160

70

1 (ppm)

104



