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1. General Remarks

Column chromatography was carried out on silica gel and analytical TLC was
performed with silica gel GF254 plates. NMR spectra were recorded on a Bruker
advance III 400 spectrometer in CDCl; at 400 MHz (1H NMR), 100 MHz (**C
NMR), 376 MHz (**F NMR). Data collections for crystal structure were performed at
room temperature (293 K) using MoK radiation on a Bruker APEXII diffractometer.
High-resolution massspectral analysis (HRMS) data were measured on a Bruker Apex
I1. All difluoromethylated products were further characterized by high resolution mass
spectra (HRMS). Commercially available reagents and solvents were used without
further purification.

2. General Experimental Procedure for Synthesis of Product 2 or 6

In a dried tube, substrates 1(5) (0.2 mmol), CuCl (10 mol %, 2.0 mg), 1,10-Phen
(20 mol %, 7.2 mg), and Cs,C0O3(0.5 mmol, 163.0 mg) was added, The tube was
evacuated and back filled with argon (repeated three times). Anhydrous DCE (2 mL)
and ethyl difluoroiodoacetate (0.5 mmol, 63.9 uL) was added, the mixture was stirred
at 60 °C for 48 h. The resulting reaction mixture was concentrated in vacuo and the
residue was purified by column chromatography (silica gel, appropriate mixture of
petroleum ether/ethyl acetate) to afford 2(6).

3. General Experimental Procedure for Synthesis of Product 3 and 4

In a dried tube, corresponding substrates 2 (0.1 mmol), CuCl (10 mol %, 1.0 mg),
1,10-Phen (20 mol %, 3.6 mg), and Cs,C0O3(0.25 mmol, 81.5 mg) was added, The
tube was evacuated and back filled with argon (repeated three times). Anhydrous
DCE (1 mL) and ethyl difluoroiodoacetate (0.8 mmol, 102.3 uL) was added, the
mixture was stirred at 60 °C for 72 h. The resulting reaction mixture was concentrated
in vacuo and the residue was purified by column chromatography (silica gel,
appropriate mixture of petroleum ether/ethyl acetate) to afford 3 and 4.

4. Optimization of the Reaction Conditions®
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entry cat. (mol %) ligand base (equiv) solvent yield® (%)
1 CuCl, (10) L1 K,CO; (2.0) MeCN 27
2 CuCl; (10) L1 Na,CO; (2.0) MeCN trace
3 CuCl, (10) L1 Cs,C05 (2.0) MeCN 42
4 CuCl, (10) L1 CsOAc (2.0) MeCN 33
5 CuCl; (10) L1 CsF (2.0) MeCN trace
6 CuCl; (10) L1 KHCO; (2.0) MeCN trace
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7 CuCl, (10) L1 KOH (2.0) MeCN trace

8 CuCl, (10) L1 t-BuONa (2.0) MeCN 0
9 CuCl, (10) L1 K3POy4 (2.0) MeCN trace
10 CuCl, (10) L2 Cs,CO5 (2.0) MeCN 37
11 CuCl, (10) L3 Cs,CO3 (2.0) MeCN 12
12 CuCl; (10) L4 Cs,CO5 (2.0) MeCN 30
13 CuCl, (10) L5 Cs,CO3 (2.0) MeCN 11
14 CuCl; (10) DBU Cs,CO3 (2.0) MeCN 7
15 CuCl, (10) NEt; Cs,C03 (2.0) MeCN trace
16 CuCl, (10) L1 Cs,CO; (2.0) THF 27
17 CuCl, (10) L1 Cs,C03 (2.0) acetone 38
18 CuCl, (10) L1 Cs,C03 (2.0) DMF trace
19 CuCl, (10) L1 Cs,C03 (2.0) toluene trace
20 CuCl, (10) L1 Cs,CO5 (2.0) NMP 8
21 CuCl; (10) L1 Cs,CO5 (2.0) CH3NO, trace
22 CuCl, (10) L1 Cs,CO5 (2.0) DCE 51
23 CuBr (10) L1 Cs,CO5 (2.0) DCE 56
24 Cul (10) L1 Cs,CO; (2.0) DCE 50
25 CuBr; (10) L1 Cs,CO;3 (2.0) DCE 47
26 Cu(OTf), (10) L1 Cs,CO5 (2.0) DCE 33
27 Cu(PPhs)3Br (10) L1 Cs,C03 (2.0) DCE 27
28 CuCl (20) L1 Cs,CO5 (2.0) DCE 58
29 CuCl (5) L1 Cs,CO5 (2.0) DCE 46
30 CuCl (20) L1 Cs,CO5 (2.0) DCE 54
32 CuCl (10) L1 Cs,CO; (2.5) DCE 62
33 CuCl (10) L1 Cs,C03 (3.0) DCE 51
35° CuCl (10) L1 Cs,CO;5 (2.5) DCE 68
36" CuCl (10) L1 Cs,CO; (2.5) DCE 61
37°¢ — L1 Cs,CO5 (2.5) DCE trace
38°f CuCl (10) L1 e DCE 0

®Reaction conditions: 1a (0.2 mmol), ethyl difluoroiodoacetate (0.4 mmol), catalyst, ligand and
base in anhydrous solvent (2 mL) with stirring at 60 °C under argon for 48 h. Isolated yield.
°ICF,CO,Et (0.5 mmol), “ICF,CO,Et (0.6 mmol), *Without copper catalyst. ‘Without base.
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5. Crystallographic data of 2b, 3a and 4f

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Molety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
FOOD

FOOD”’

h, %k, lmax
Nref

Tmin, Tmax
Tmin'

Correction method= # Reported T Limits:
MULTI-SCAN

AbsCorr =

0.0030 A

a=12.2175(2)
alpha=50
291 ¥

Calculated
4281.34(13)
Pbca
-P Zac Z
Cz24 HZ2Z
C24 HZ2
424 .44
1.317

8

0.827
1776.0
1782.05
14,18, 26
4041
0.773,0.813
0.767

8]

L[5 LT v

2 N2 03
2 N2 03

Data completeness= 0.988

R{reflections)= 0.0485(

§ = 1.026

3110)

b=15.8782 (3)

beta=80

Theta (ma

Wavelength=1.54184

gamma=290

Reported
4281.35(12)
Pbca

-P 2ac Zab
CzZ4 EZ2 F2 N2
Cz4 EZ22 F2 NZ
424 .44

1.317

8

0.827

1776.0

14,19,26
3993
0.873,1.000

Tmin=0.873 Tmax=1.000

x)= 89.710

wRZ (reflections)= 0.1408/

Npar= 283
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EtO,CF,C

Bond precision: C=-C = 0.0044 A Wavelength=0.71073
Cell: a=12.4%986 (6) p=9.7777(4%) c=22.6334(12)
alpha=90 beta=100.263(4) gamma="20
Temperature: 291 ¥
Calculated Reported
Volume 2721.3(2) 2721.3(2)
Space group P 21/c P12Z2l/c1
Hall group -P 2ybc -P Z2ybc
Moiety formula (28 H28 F4 N2 05 C29 H2B 4 N2 05
Sum formula C29 H28 F4 N2 O35 C28 H28 74 N2 05
Mr 560.53 560.53
Dx,g cm-3 1.368 1.368
2 4 L
Mu (mm-1) 0.112 0.112
FOO0O 1168.0 1168.0
FO0O” 1168.75
h,k,lmax 15,12,27 15,12, 27
Nref 5358 5349
Tmin, Tmax 0.981,0.984 0.810,1.000
Tmin’ 0.981

Correction method= # Reported T Limits: Tmin=0.810 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.998 Theta{max)= 2Z6.020
B(reflections)= 0.0573( 3083) wRZ (reflections)= 0.1605( 5349)
S = 1.027 Npar= 366
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Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
Foao

Foaor
h,k,lmax
Nref

Tmin, Tmax
Tmin'

Correction method= # Reported T Limits:

AbsCorr =

Data completeness= 0.998

Rireflecticnzs)= 0.0888

§ = 1.041

MULTI-SCAN

cC-C = 0.0072 & Wavelength=0.71073
a=12.8985(11) b=14.8772(11) c=27.981(3)
alpha=90 beta=87.992 (8) gamma=90
293 X
Calculated Reported
53313.41(8) 53313.5(8)
P 21/c P12l/c1
-P Zybc -P 2ybc
C28 H25 C1l F4 N2 05 CZ8 HZ5 C1 F4 NZ 05
C28 H25 Cl1 F4 N2 05 CZ28 HZ5 Cl F4 NZ 05
580.85 580.95
1.452 1.452
8 8
0.214 0.214
2400.0 2400.0
2402.68
15,18, 34 15,18, 34
104863 10440
0.857,0.970 0.470,1.000
0.950
Tmin=0.470 Tmax=1.000
Theta (max)= 26.020
5031) WwRZ (reflections)= 0.2627( 10440)
Npar= 729
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6. Characterization data of 2a-2t

CF,CO,Et

ethyl
2-(2,6-dimethyl-1-ox0-5-(p-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-difl
uoroacetate (2a): 59.3 mg, 68% yield, white solid. Mp = 180-182 °C. *H NMR (400
MHz, CDCl3) 6 1.10 (t, J = 7.2 Hz, 3H), 2.38 (s, 3H), 3.03 (s, 3H), 3.30 (s, 3H),
3.61-3.69 (m, 1H), 3.82-3.90 (m, 1H), 4.00-4.05 (m, 1H), 4.14-4.18 (m, 1H),
7.17-7.23 (m, 4H), 7.27-7.51 (m, 3H), 8.34 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz,
CDCl3) 6 164.7, 162.4 (dd, J = 32.0 Hz, J = 37.0 Hz), 139.6, 139.1 (t, J = 8.0 H2z),
138.4, 138.3, 132.6, 130.2, 129.2, 128.4 (dd, J = 23.0 Hz, J = 29.0 Hz), 126.3, 124.6,
122.8, 121.7, 115.6, 112.3 (dd, J = 241.0 Hz, J = 249.0 Hz), 109.2, 62.9, 47.2 (d, J =
7.0 Hz), 34.2, 32.0, 21.3, 13.5; **F NMR (376 MHz, CDCl3) ¢ -84.01 (d, J = 285.8 Hz,
1F), -95.18 (d, J = 285.8 Hz, 1F). HRMS (ESI) m/z calcd for CysHo4FoN,O3 [M+H]™:
439.1828, found: 439.1834.

CF,CO,Et

ethyl
2-(2,6-dimethyl-1-ox0-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-diflu
oroacetate (2b): 54.2 mg, 64% vyield, white solid. Mp = 172-174 °C. *H NMR (400
MHz, CDCl3) ¢ 1.10 (t, J = 6.8 Hz, 3H), 3.02 (s, 3H), 3.31 (s, 3H), 3.64-3.66 (m, 1H),
3.82-3.83 (m, 1H), 4.01-4.06 (m, 1H), 4.16-4.19 (m, 1H), 6.80 (s, 1H), 7.21-7.61 (m,
7H), 8.34 (d, J = 7.2 Hz, 1H); **C NMR (100 MHz, CDCls) ¢ 164.5, 162.2 (dd, J =
31.0 Hz, J = 36.0 Hz), 138.9 (t, J = 8.0 Hz), 138.2, 138.1, 135.3, 129.4, 128.5 (dd, J =
23.0 Hz, J = 29.0 Hz), 128.4, 126.1, 124.6, 122.6, 121.7, 115.5, 112.1 (dd, J = 241.0
Hz, J = 249.0 Hz), 109.1, 62.9, 47.1 (d, J = 7.0 Hz), 34.1, 31.9, 13.4; *°F NMR (376
MHz, CDCl3) ¢ -84.26 (d, J = 286.1 Hz, 1F), -95.16 (d, J = 286.5 Hz, 1F). HRMS
(ESI) m/z calcd for Cy4H,oFN,0O3 [M+H]': 425.1671, found: 425.1674.
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CF,CO,Et

2c  OCH;

ethyl
2,2-difluoro-2-(5-(4-methoxyphenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4
,3-b]indol-4-yl)acetate (2c): 59.0 mg, 65% vyield, white solid. Mp = 158-160 °C. 'H
NMR (400 MHz, CDCl3) ¢ 1.10 (t, J = 7.2 Hz, 3H), 3.05 (s, 3H), 3.30 (s, 3H),
3.64-3.72 (m, 1H), 3.84 (s, 3H), 3.86-3.92 (m, 1H), 3.99-4.04 (m, 1H), 4.14-4.18 (m,
1H), 6.88 (d, J = 5.6 Hz, 3H), 7.22-7.37 (m, 4H), 8.34 (d, J = 7.6 Hz, 1H); *C NMR
(100 MHz, CDCls) 6 164.7, 162.5 (dd, J = 31.0 Hz, J = 37.0 Hz), 160.5, 138.8 (t, J =
8.0 Hz), 138.5, 138.4, 131.8, 128.1 (dd, J = 24.0 Hz, J = 30.0 Hz), 127.7, 126.3, 124.6,
122.8, 121.8, 115.6, 113.9, 112.3 (d, J = 240.0 Hz, J = 249.0 Hz), 109.2, 62.9, 55.3,
47.1 (d, J = 7.0 Hz), 34.3, 32.0, 13.6; *°F NMR (376 MHz, CDCls) ¢ -83.30 (d, J =
286.1 Hz, 1F), -95.07 (d, J = 285.8 Hz, 1F). HRMS (ESI) m/z calcd for CpsH4F2N20y4
[M+H]": 455.1777, found: 455.1780.

methyl
4-(4-(2-ethoxy-1,1-difluoro-2-oxoethyl)-2,6-dimethyl-1-ox0-1,2,3,6-tetrahydroazepin
0[4,3-b]indol-5-yl)benzoate (2d): 50.0 mg, 52% vyield, white solid. Mp = 166-168 °C.
'H NMR (400 MHz, CDCls) 6 1.15 (t, J = 7.2 Hz, 3H), 3.02 (s, 3H), 3.31 (s, 3H),
3.74-3.82 (m, 1H), 3.93-3.97 (m, 4H), 4.03-4.08 (m, 1H), 4.16-4.20 (m, 1H),
7.21-7.23 (m, 1H), 7.27-7.39 (m, 3H), 8.05 (s, 2H), 8.35 (d, J = 7.6 Hz, 1H); **C
NMR (100 MHz, CDCl3) ¢ 166.2, 164.6, 162.4 (dd, J = 32.0 Hz, J = 36.0 Hz), 140.1,
138.4, 138.0 (t, J = 7.0 Hz), 137.6, 130.9, 129.6, 129.5 (dd, J = 24.0 Hz, J = 28.0 Hz),
126.2, 125.0, 122.9, 122.0, 116.0, 112.2 (dd, J = 245.0 Hz, J = 249.0 Hz), 109.3, 63.3,
52.4, 475 (d, J = 5.0 Hz), 34.4, 32.2, 26.9, 13.6; °F NMR (376 MHz, CDCl3) 6
-86.11 (d, J = 282.0 Hz, 1F), -89.27, -96.54 (dd, J = 3.8 Hz, J = 282.4 Hz, 1F). HRMS
(ESI) m/z calcd for CasH24F2N20s [M+H]": 483.1726, found: 483.1725.
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CF,CO,Et

ethyl
2-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-0x0-1,2,3,6-tetranydroazepino[4,3-b]indol-
4-y1)-2,2-difluoroacetate (2e): 46.8 mg, 47% vyield, white solid. Mp = 180-182 °C. 'H
NMR (400 MHz, CDCl3) ¢ 1.09 (t, J = 7.2 Hz, 3H), 3.09 (s, 3H), 3.32 (s, 3H),
3.66-3.74 (m, 1H), 3.82-3.90 (m, 1H), 4.04-4.09 (m, 1H), 4.17-4.21 (m, 1H),
7.23-7.26 (m, 2H), 7.29-7.48 (m, 6H), 7.62-7.64 (m, 4H), 8.36 (d, J = 8.0 Hz, 1H);
3C NMR (100 MHz, CDCl3) 6 164.8, 162.5 (dd, J = 33.0 Hz, J = 37.0 Hz), 142.2,
139.6, 138.7 (t, J = 8.0 Hz), 138.4, 138.3, 134.4, 131.0, 129.0, 128.9 (dd, J = 23.0 Hz,
J = 29.0 Hz), 128.0, 127.0, 127.0, 126.3, 124.8, 122.9, 121.9, 115.8, 112.4 (dd, J =
241.0 Hz, J = 249.0 Hz), 109.31, 63.1, 47.4 (d, J = 6.0 Hz), 34.4, 32.2(26.9), 13.6; °F
NMR (376 MHz, CDCls) 6 -84.39 (d, J = 285.8 Hz, 1F), -96.54 (dd, J = 3.8 Hz, J =
285.8 Hz, 1F). HRMS (ESI) m/z calcd for CzgH6F2N203 [M+H]": 501.1984, found:
501.1982.

CF,CO,Et

ethyl
2-(5-(4-chlorophenyl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl
)-2,2-difluoroacetate (2f): 49.5 mg, 54% yield, white solid. Mp = 162-164 °C. 'H
NMR (400 MHz, CDCl3) ¢ 1.15 (t, J = 6.8 Hz, 3H), 3.06 (s, 3H), 3.30 (s, 3H),
3.76-3.84 (m, 1H), 3.91-4.05 (m, 2H), 4.14-4.18 (m, 1H), 6.87-7.18 (m, 1H),
7.22-7.37 (m, 6H), 8.34 (d, J = 7.6 Hz, 1H); **C NMR (100 MHz, CDCl;) 6 164.6,
162.5 (dd, J = 31.0 Hz, J = 36.0 Hz), 138.4, 137.8 (t, J = 7.0 Hz), 137.8 135.8, 134.0,
131.7, 129.2 (dd, J = 24.0 Hz, J = 28.0 Hz), 128.8, 126.2, 125.0, 122.9, 122.0, 116.0,
112.2 (dd, J = 244.0 Hz, J = 250.0 Hz), 109.2, 63.23, 47.40 (d, J = 6.0 Hz), 34.4, 32.2,
13.6; *F NMR (376 MHz, CDCls) 6 -85.20 (d, J = 283.1 Hz, 1F), -96.21 (dd, J = 3.8
Hz, J = 282.8 Hz, 1F). HRMS (ESI) m/z calcd for Cy4H2iCIF,N,O3 [M+H]™:
459.1282, found: 459.1286.

S8



CF,CO,Et

ethyl
2-(5-(4-cyanophenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)
-2,2-difluoroacetate (2g): 42.8 mg, 48% yield, white solid. Mp = 134-136 °C. 'H
NMR (400 MHz, CDCls) § 1.21 (t, J = 7.2 Hz, 3H), 3.04 (s, 3H), 3.31 (s, 3H),
3.90-3.98 (m, 1H), 4.02-4.08 (m, 2H), 4.14-4.17 (m, 1H), 7.22-7.24 (m, 1H),
7.30-7.47 (m, 3H), 7.68 (s, 3H), 8.34 (d, J = 8.0 Hz, 1H); **C NMR (100 MHz, CDCl5)
0 164.4, 162.5 (dd, J = 32.0 Hz, J = 36.0 Hz), 140.4, 138.5, 137.1 (t, J = 7.0 Hz),
137.1, 132.2, 130.9, 130.2 (t, J = 25.0 Hz), 126.2, 125.3, 123.0, 122.2, 117.9, 116.3,
114.7 (t, J = 249.0 Hz), 113.2, 109.3, 63.5, 47.6 (dd, J = 3.0 Hz, J = 6.0 Hz), 34.5,
32.3, 13.7; *F NMR (376 MHz, CDCls) 6 -87.53 (d, J = 278.2 Hz, 1F), -97.59 (d, J =
278.6 Hz, 1F). HRMS (ESI) m/z calcd for CasH,1F2N3Os [M+H]": 450.1624, found:
450.1625.

CF,CO,Et

ethyl
2-(5-(4-acetylphenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)
-2,2-difluoroacetate (2h): 57.7 mg, 62% yield, white solid. Mp = 286-288 °C. 'H
NMR (400 MHz, CDCls) 6 1.17 (t, J = 7.2 Hz, 3H), 2.64 (s, 3H), 3.03 (s, 3H), 3.31 (s,
3H), 3.78-3.86 (m, 1H), 3.93-4.01 (m, 1H), 4.03-4.08 (m, 1H), 4.16-4.19 (m, 1H),
7.01-7.23 (m, 2H), 7.29-7.65 (m, 3H), 7.96 (s, 2H), 8.35 (d, J = 8.0 Hz, 1H); **C
NMR (100 MHz, CDCl3) ¢ 197.1, 164.5, 162.4 (dd, J = 32.0 Hz, J = 36.0 Hz), 140.3,
138.4, 137.9 (t, J = 7.0 Hz), 137.5, 137.3, 130.6, 129.5 (dd, J = 24.0 Hz, J = 26.0 Hz),
128.3, 126.2, 125.0, 122.9, 122.0, 116.0, 112.2 (dd, J = 246.0 Hz, J = 250.0 Hz),
109.2, 63.3, 47.5 (d, J = 5.0 Hz), 34.4, 32.2, 26.7, 13.6; *°F NMR (376 MHz, CDCl3)
5 -86.45 (d, J = 281.2 Hz, 1F), -96.21 (dd, J = 3.8 Hz, J = 281.2 Hz, 1F). HRMS (ESI)
m/z calcd for CosHo4FoN,O4 [M+H]": 467.1777, found: 467.1782.
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CF,CO,Et

2j

ethyl
2-(2,6-dimethyl-1-ox0-5-(0-tolyl)-1,2,3,6-tetranydroazepino[4,3-b]indol-4-yl)-2,2-difl
uoroacetate (2i): 54.0 mg, 62% vyield, white solid. Mp = 162-164 °C. *H NMR (400
MHz, CDCl3) 6 1.12 (t, J = 7.2 Hz, 3H), 1.55 (s, 3H), 3.03 (s, 3H), 3.34 (s, 3H),
3.60-3.68 (m, 1H), 3.74-3.82 (m, 1H), 4.04-4.21 (m, 2H), 7.10-7.12 (m, 1H),
7.21-7.23 (m, 1H), 7.27-7.36 (m, 4H), 7.46-7.48 (m, 1H), 8.35 (d, J = 8.0 Hz, 1H);
3C NMR (100 MHz, CDCl3) 6 164.5, 162.3 (dd, J = 31.0 Hz, J = 36.0 Hz), 138.7 (t, J
= 8.0 Hz), 138.2, 137.7 (d, J = 5.0 Hz), 134.1, 132.6 (d, J = 3.0 Hz), 130.6, 130.3,
130.1, 129.6 (dd, J = 24.0 Hz, J = 29.0 Hz), 126.3, 125.8, 124.7, 123.1, 121.9, 115.6,
112.2 (dd, J = 240.0 Hz, J = 250.0 Hz), 109.2, 62.9, 46.9 (d, J = 6.0 Hz), 34.2, 32.0,
19.5, 13.5; ®F NMR (376 MHz, CDCls) ¢ -85.54 (d, J = 286.1 Hz, 1F), -94.38-
-95.15 (m, 1F). HRMS (ESI) m/z calcd for CysH,4FoN2O3 [M+H]": 439.1828, found:
439.1831.

CF,CO,Et
OCH,

ethyl
2,2-difluoro-2-(5-(2-methoxyphenyl)-2,6-dimethyl-1-ox0-1,2,3,6-tetrahydroazepino[4
,3-bJindol-4-yl)acetate (2j): 54.7 mg, 60% vyield, white solid. Mp = 184-186 °C. 'H
NMR (400 MHz, CDCl3) 6 1.11-1.30 (m, 3H), 3.05-3.07 (m, 3H), 3.30-3.32 (m, 3H),
3.34-3.83 (m, 3H), 3.99-4.20 (m, 4H), 6.67-7.07 (m, 3H), 7.19-7.21 (m, 1H),
7.25-7.45 (m, 3H), 8.32-8.36 (m, 1H); **C NMR (100 MHz, CDCl5) 6 164.9, 162.9 (t,
J =35.0 Hz), 156.5, 139.4, 138.1, 133.3 (d, J = 53.0 Hz), 130.8, 130.5, 130.1 (dd, J =
22.0 Hz, J = 25.0 Hz), 126.3, 124.7, 124.4, 122.7, 121.6, 120.7, 115.3, 112.6 (t, J =
242.0 Hz), 110.3,109.1, 62.8, 55.0, 48.5, 34.3, 31.2, 13.8; 1°F NMR (376 MHz, CDCl5)
o -85.22- -102.78 (m, 2F). HRMS (ESI) m/z calcd for CasH4F2N,O4 [M+H]":
455.1777, found: 455.1775.
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CF,CO,Et
cl

ethyl
2-(5-(2-chlorophenyl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl
)-2,2-difluoroacetate (2k): 53.3 mg, 58% vyield, white solid. Mp = 170-172 °C. 'H
NMR (400 MHz, CDCls) 6 1.18-1.34 (m, 3H), 3.09-3.15 (m, 3H), 3.31-3.34 (m, 3H),
3.77-4.25 (m, 4H), 6.87-7.24 (m, 2H), 7.29-7.42 (m, 4H), 7.47-7.62 (m, 1H), 8.35 (d,
J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) 6 164.6, 162.3, 138.3, 137.0, 135.0,
134.2, 133.6, 131.2, 130.2, 130.1, 129.5, 127.0, 126.5, 124.8, 123.1, 121.9, 116.3,
112.1 (dd, J = 243.0 Hz, J = 252.0 Hz), 109.2, 63.2, 47.0, 34.6, 32.0, 13.6; “°F NMR
(376 MHz, CDCl3) ¢ -85.49- -103.31 (m, 2F). HRMS (ESI) m/z calcd for
Co4H>1CIF2N504 [M+H]+: 459.1282, found: 459.1288.

CF,CO,Ef
Br

ethyl
2-(5-(2-bromophenyl)-2,6-dimethyl-1-o0xo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl
)-2,2-difluoroacetate (21): 52.2 mg, 52% vyield, white solid. Mp = 148-150 °C. 'H
NMR (400 MHz, CDCl3) 6 1.20-1.34 (m, 3H), 3.08-3.19 (m, 3H), 3.30-3.34 (m, 3H),
3.82-4.23 (m, 4H), 6.87-7.25 (m, 2H), 7.28-7.55 (m, 4H), 7.60-7.67 (m, 1H), 8.34 (d,
J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) 6 164.6, 164.2 (t, J = 34.0 Hz), 138.3,
137.8 (d, J = 7.0 Hz), 136.9, 135.5, 134.4, 133.5, 131.2, 130.3, 127.5, 126.5, 124.8,
123.9,123.1, 121.9, 116.9, 112.0 (t, J = 250.0 Hz), 109.2, 63.3, 47.0 (d, J = 6.0 Hz ),
34.3, 32.0, 13.6; *°F NMR (376 MHz, CDCls) 6 -85.69- -102.65 (m, 2F). HRMS (ESI)
m/z calcd for Ca4H21BrF,N,03 [M+H]": 503.0776, found: 503.0780.
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ethyl
2-(2,6-dimethyl-1-ox0-5-(m-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-dif
luoroacetate (21): 35.2 mg, 40% yield, white solid. Mp = 154-156 °C. *H NMR (400
MHz, CDCl3) 6 1.09 (t, J = 7.2 Hz, 3H), 2.32 (s, 3H), 3.05 (s, 3H), 3.31 (s, 3H),
3.57-3.65 (m, 1H), 3.81-3.89 (m, 1H), 4.00-4.05 (m, 1H), 4.15-4.19 (m, 1H),
7.20-7.38 (m, 6H), 8.35 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) ¢ 164.8,
162.4 (dd, J = 31.0 Hz, J = 36.0 Hz), 139.2 (t, J = 6.0 Hz), 138.4, 138.3, 138.2, 135.4,
130.2, 128.8, 128.5, 126.3, 124.7, 122.8, 121.8, 115.6, 112.3 (dd, J = 242.0 Hz, J =
250.0 Hz), 109.2, 62.9, 47.2 (d, J = 7.0 Hz), 34.3, 32.1(26.9), 21.2, 13.5; *F NMR
(376 MHz, CDCl3) 6 -84.20 (d, J = 286.5 Hz, 1F), -94.15- 95.54 (m, 1F). HRMS (ESI)
m/z calcd for CasH24F2N203 [M+H]™: 439.1828, found: 439.1829.

ethyl
2,2-difluoro-2-(5-(3-methoxyphenyl)-2,6-dimethyl-1-ox0-1,2,3,6-tetrahydroazepino[4
,3-bJindol-4-yl)acetate (21): 28.1 mg, 31% yield, white solid. Mp = 162-164 °C. H
NMR (400 MHz, CDCls) ¢ 1.11 (t, J = 7.2 Hz, 3H), 3.09 (s, 3H), 3.31 (s, 3H),
3.68-3.70 (m, 3H), 3.84-3.93 (m, 2H), 4.00-4.05 (m, 1H), 4.15-4.19 (m, 1H), 6.36 (s,
1H), 6.94-6.95 (m, 1H), 7.23-7.38 (m, 5H), 8.35 (d, J = 8.0 Hz, 1H); **C NMR (100
MHz, CDCl3) ¢ 164.8, 162.4 (dd, J = 31.0 Hz, J = 36.0 Hz), 162.2, 159.6, 156.4,
139.0 (d, J = 8.0 Hz), 138.4, 138.0, 136.7, 129.7, 128.9 (dd, J = 24.0 Hz, J = 27.0 Hz),
126.3,124.8, 122.9, 121.9, 115.7, 112.3 (dd, J = 241.0 Hz, J = 249.0 Hz), 109.3, 63.0,
55.4, 47.4 (d, J = 7.0 Hz), 34.3, 32.0, 13.6; *F NMR (376 MHz, CDCls) ¢ -83.82-
-85.13 (m, 1F), -94.74 (dd, J = 3.8 Hz, J = 286.9 Hz, 1F). HRMS (ESI) m/z calcd for
CasH24F2N204 [M+H]*: 455.1777, found: 455.1779.

ethyl
2-(5-(3-chlorophenyl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl
)-2,2-difluoroacetate (20): 32.0 mg, 35% yield, white solid. Mp = 110-112 °C. 'H
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NMR (400 MHz, CDCl3) 6 1.18 (t, J = 7.2 Hz, 3H), 3.09 (s, 3H), 3.31 (s, 3H), 3.83 (s,
1H), 3.93-4.05 (m, 2H), 4.15-4.18 (m, 1H), 6.85 (s, 1H), 7.23-7.52 (m, 6H), 8.35 (d, J
= 8.0 Hz, 1H); *C NMR (100 MHz, CDCl3) § 164.5, 162.4 (dd, J = 32.0 Hz, J = 37.0
Hz), 138.4, 134.6 (t, J = 7.0 Hz), 137.5, 137.3, 134.6, 129.9, 129.6, 129.4, 126.2,
125.0, 122.9, 122.0, 116.0, 112.2 (dd, J = 244.0 Hz, J = 248.0 Hz), 109.3, 63.3, 47.4
(d, J = 6.0 Hz), 34.4, 32.3(26.9), 13.6; *°F NMR (376 MHz, CDCl5) J -84.61- -86.67
(m, 1F), -95.89- -96.66 (m, 1F). HRMS (ESI) m/z calcd for Cp4H,1CIF;N,03 [M+H]™:
459.1282, found: 459.1286.

CF,CO,Et

ethyl
2-(5-(2,4-dimethylphenyl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-
4-yl)-2,2-difluoroacetate (2p): 50.5 mg, 56% yield, white solid. Mp = 144-146 °C. 'H
NMR (400 MHz, CDCls) 6 1.12 (t, J = 7.2 Hz, 3H), 1.50 (s, 3H), 2.35 (s, 3H), 3.04 (s,
3H), 3.33 (s, 3H), 3.60-3.68 (m, 1H), 3.75-3.83 (m, 1H), 4.03-4.11 (m, 1H), 4.16-4.20
(m, 1H), 6.92 (s, 1H), 7.09-7.10 (m, 1H), 7.20-7.23 (m, 1H), 7.26-7.35 (m, 3H), 8.34
(d, J = 8.0 Hz, 1H); **C NMR (100 MHz, CDCls) 6 164.6, 162.4 (dd, J = 31.0 Hz, J =
36.0 Hz), 140.1, 138.8 (dd, J = 7.0 Hz, J = 9.0 Hz), 138.2, 137.9, 137.5 (d, J = 2.0 Hz),
130.6 (d, J = 3.0 Hz), 131.3, 131.2, 129.4 (dd, J = 24.0 Hz, J = 30.0 Hz), 126.4, 126.3,
124.7,123.0, 121.9, 115.4, 112.3 (dd, J = 240.0 Hz, J = 250.0 Hz), 109.2, 62.8, 47.9
(d, J = 7.0 Hz), 34.2, 32.0, 21.2, 19.4, 13.5; *°F NMR (376 MHz, CDCls) ¢ -85.27 (d,
J = 285.8 Hz, 1F), -94.25- -95.01 (m, 1F). HRMS (ESI) m/z calcd for CasHaF2N203
[M+H]": 453.1984, found: 453.1986.

ethyl

2-(2,6-dimethyl-1-oxo-5-(thiophen-2-yl)-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-
2,2-difluoroacetate (2q): 40.4 mg, 47% yield, white solid. Mp = 164-166 °C. *H NMR
(400 MHz, CDCl3) 6 1.13 (t, J = 7.2 Hz, 3H), 3.20 (s, 3H), 3.29 (s, 3H), 3.74-3.82 (m,
1H), 3.93-4.03 (m, 2H), 4.18-4.21 (m, 1H), 7.05-7.08 (m, 1H), 7.26-7.39 (m, 4H),
7.49-7.50 (m, 1H), 8.33 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) & 164.6,
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162.1 (dd, J = 31.0 Hz, J = 38.0 Hz), 138.5, 137.7, 136.6, 132.4 (d, J = 5.0 Hz), 131.6
(t, J = 8.0 Hz), 130.2 (dd, J = 22.0 Hz, J = 30.0 Hz), 130.2, 127.2, 126.1, 124.9, 122.8,
121.9, 115.5, 112.2 (dd, J = 240.0 Hz, J = 251.0 Hz), 109.4, 63.1, 46.8 (d, J = 7.0 Hz),
34.2, 31.3(26.8), 13.6; F NMR (376 MHz, CDCls) 6 -81.01 (d, J = 287.3 Hz, 1F),
-95.83 (dd, J = 4.1 Hz, J = 287.3 Hz, 1F). HRMS (ESI) m/z calcd for CyoHz0F2N203S
[M+H]*: 431.1235, found: 431.1234.

ethyl
2-(2,6-dimethyl-5-(naphthalen-1-yl)-1-0xo0-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl
)-2,2-difluoroacetate (2r): 39.9 mg, 42% vyield, white solid. Mp = 206-208 °C. 'H
NMR (400 MHz, CDCl3) § 0.70 (t, J = 7.2 Hz, 3H), 2.46-2.54 (m, 1H), 2.82 (s, 3H),
3.27-3.31 (m, 1H), 3.38 (s, 3H), 4.15-4.20 (m, 1H), 4.26-4.30 (m, 1H), 7.05-7.08 (m,
2H), 7.16-7.20 (m, 1H), 7.26-7.30 (m, 2H), 7.36-7.40 (m, 1H), 7.54 (t, J = 7.6 Hz,
1H), 7.72 (d, J = 7.2 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 8.41
(dd, J = 2.8 Hz, J = 6.4 Hz, 1H); *C NMR (100 MHz, CDCl3) 6 164.7, 161.9 (dd, J =
31.0 Hz, J = 36.0 Hz), 138.3, 137.9 (t, J = 8.0 Hz), 137.8, 133.3, 132.0 (t, J = 3.0 Hz),
131.9, 131.0, 130.8, 130.7, 130.5, 128.3, 127.6, 126.6, 125.1, 124.9, 124.7, 123.1,
121.9, 115.0, 112.3 (dd, J = 238.0 Hz, J = 248.0 Hz), 109.2, 62.4, 47.0 (d, J = 6.0 Hz),
34.3 (d, J = 2.0 Hz), 31.9(26.9), 13.0; *F NMR (376 MHz, CDCls) ¢ -84.29 (d, J =
289.1 Hz, 1F), -93.98 (dd, J = 2.6 Hz, J = 289.5 Hz, 1F). HRMS (ESI) m/z calcd for
C28H24F2N203 [M+H]+: 4751828, found: 475.1286.

CF,CO,Et

ethyl

2-(8-chloro-2,6-dimethyl-1-ox0-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)
-2,2-difluoroacetate (2s): 58.6 mg, 64% yield, white solid. Mp = 156-158 °C. 'H
NMR (400 MHz, CDCls) § 1.10 (t, J = 7.2 Hz, 3H), 2.98 (s, 3H), 3.00 (s, 3H),
3.62-3.70 (m, 1H), 3.81-3.89 (m, 1H), 4.00-4.06 (m, 1H), 4.16-4.20 (m, 1H),
7.21-7.58 (m, 7H), 8.35 (d, J = 8.4 Hz, 1H); **C NMR (100 MHz, CDCl;) 6 164.3,
162.3 (dd, J =31.0 Hz, J = 36.0 Hz), 138.9 (d, J = 7.0 Hz), 138.8, 135.2, 130.8, 129.7,
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129.0 (dd, J = 24.0 Hz, J = 29.0 Hz), 128.6, 124.8, 123.9, 122.6, 115.8, 112.2 (dd, J =
242.0 Hz, J = 249.0 Hz), 109.3, 63.0, 47.3 (d, J = 6.0 Hz), 34.3, 32.2, 13.6; °F NMR
(376 MHz, CDCl3) 6 -84.61 (d, J = 286.1 Hz, 1F), -95.38 (dd, J = 4.1 Hz, J = 286.1
Hz, 1F). HRMS (ESI) m/z calcd for CyHCIF;N,Os [M+H]": 459.1282, found:
459.1283.

ethyl
2,2-difluoro-2-(2,6,7-trimethyl-1-oxo-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indol
-4-yl)acetate (2t): 44.0 mg, 50% yield, white solid. Mp = 150-152 °C. *H NMR (400
MHz, CDCls) ¢ 1.08 (t, J = 7.2 Hz, 3H), 2.63 (s, 3H), 3.30 (s, 3H), 3.31 (s, 3H),
3.58-3.66 (m, 1H), 3.80-3.88 (m, 1H), 4.03-4.08 (m, 1H), 4.15-4.19 (m, 1H),
7.04-7.42 (m, 7H), 8.22 (d, J = 8.0 Hz, 1H); **C NMR (100 MHz, CDCl3) 6 164.6,
162.3 (dd, J = 31.0 Hz, J = 36.0 Hz), 139.6, 139.1 (t, J = 8.0 Hz), 137.8, 135.8, 130.4,
129.4,129.1, 128.9 (t, J = 5.0 Hz), 128.5, 127.8, 127.2, 121.8, 121.0, 116.0, 112.3 (dd,
J = 241.0 Hz, J = 250.0 Hz), 63.0, 47.4 (d, J = 7.0 Hz), 35.4, 34.4, 20.4, 13.6; °F
NMR (376 MHz, CDCls) ¢ -83.60 (d, J = 286.5 Hz, 1F), -95.17 (dd, J = 4.1 Hz, J =
286.5 Hz, 1F). HRMS (ESI) m/z calcd for CasH4F2N,03 [M+H]": 439.1828, found:
439.1830.

7. Characterization data of 3 and 4

ON
EtO,CF,C

diethyl

2,2'-(2,6-dimethyl-1-oxo-5-(p-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indole-4,10-diyl)
bis(2,2-difluoroacetate) (3a): white solid. Mp = 190-192 °C. *H NMR (400 MHz,
CDCl3) 6 1.07 (t, J = 7.2 Hz, 3H), 1.43 (t, J = 7.2 Hz, 3H), 2.38 (s, 3H), 3.02 (s, 3H),
3.22 (s, 3H), 3.59-3.67 (m, 1H), 3.79-3.87 (m, 1H), 4.09-4.20 (m, 2H), 4.34-4.42 (m,
1H), 4.51-4.59 (m, 1H), 7.17-7.26 (m, 4H), 7.35 (d, J = 8.4 Hz, 1H), 7.42 (t, J = 8.0
Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCl3) 6 164.2 (t, J = 34.0
Hz), 164.1, 162.4 (dd, J = 31.0 Hz, J = 36.0 Hz), 139.8, 139.3, 138.6 (t, J = 8.0 Hz),
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138.4, 132.5, 131.7 (dd, J = 23.0 Hz, J = 30.0 Hz), 130.4, 129.3, 128.4 (t, J = 25.0
Hz), 123.9, 121.8 (d, J = 6.0 Hz), 121.2 (d, J = 7.0 Hz), 121.1 (d, J = 7.0 Hz), 116.1,
112.2, 117.0-109.7 (m, 4F), 62.9, 62.4, 47.0 (d, J = 7.0 Hz), 34.0, 32.4, 21.3, 14.1,
13.6; *F NMR (376 MHz, CDCl3) ¢ -83.23 (d, J = 287.3 Hz, 1F), -94.76 (d, J = 285.4
Hz, 1F), -95.09 (dd, J = 3.0 Hz, J = 287.3 Hz, 1F), -97.60 (d, J = 285.8 Hz, 1F).
HRMS (ESI) m/z calcd for CagH8F4N20s [M+H]": 561.2007, found:561.2010.

OLN
EtO,CF,C

diethyl
2,2'-(2,6-dimethyl-1-oxo0-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indole-4,10-diyl)b
is(2,2-difluoroacetate) (3b): white solid. Mp = 214-216 °C. 'H NMR (400 MHz,
CDCl3) 6 1.07 (t, J = 7.2 Hz, 3H), 1.44 (t, J = 7.2 Hz, 3H), 3.02 (s, 3H), 3.23 (d, J =
0.4 Hz, 3H), 3.59-3.67 (m, 1H), 3.79-3.87 (m, 1H), 4.11-4.22 (m, 2H), 4.35-4.43 (m,
1H), 4.51-4.59 (m, 1H), 7.23-7.30 (m, 2H), 7.34-7.44 (m, 5H), 7.64 (d, J = 6.8 Hz,
1H); *C NMR (100 MHz, CDCl3) ¢ 164.2 (t, J = 34.0 Hz), 164.1, 162.3 (dd, J = 31.0
Hz, J = 37.0 Hz), 139.3, 138.5 (t, J = 7.0 Hz), 138.2, 135.4, 132.0 (dd, J = 24.0 Hz, J
= 29.0 Hz), 130.6, 129.6, 128.6, 126.9 (t, J = 25.0 Hz), 123.9, 121.8 (d, J = 5.0 Hz),
121.3 (d, J = 7.0 Hz), 121.2 (d, J = 7.0 Hz), 116.2, 112.2, 116.9-109.8 (m, 4F), 63.0,
62.4, 47.0 (d, J = 7.0 Hz), 34.0, 32.4, 14.0, 13.6; °F NMR (376 MHz, CDCl3) 6
-83.53 (d, J = 287.3 Hz, 1F), -94.76 (d, J = 285.8 Hz, 1F), -95.22 (d, J = 286.9 Hz,
1F), -97.60 (d, J = 285.8 Hz, 1F). HRMS (ESI) m/z calcd for CagHzsF4N205 [M+H]™:
547.1851, found: 547.1849.

OW_N
EtO,CF,C

N
s

3e Ph

diethyl

2,2"-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-ox0-1,2,3,6-tetrahydroazepino[4,3-b]ind
ole-4,10-diyl)bis(2,2-difluoroacetate) (3e): white solid. Mp = 206-208 °C. *H NMR
(400 MHz, CDCl3) 6 1.06 (t, J = 7.2 Hz, 3H), 1.44 (t, J = 7.2 Hz, 3H), 3.09 (s, 3H),
3.24 (s, 3H), 3.63-3.72 (m, 1H), 3.79-3.87 (m, 1H), 4.13-4.23 (m, 2H), 4.35-4.43 (m,
1H), 4.52-4.60 (m, 1H), 7.26-7.49 (m, 7H), 7.62-7.65 (m, 5H); *C NMR (100 MHz,
CDCls) 6 164.2 (t, J = 34.0 Hz), 164.1, 162.4 (dd, J = 31.0 Hz, J = 36.0 Hz), 142.2,
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139.5, 139.3, 138.2, 138.2 (t, J = 8.0 Hz), 134.3, 131.1 (dd, J = 23.0 Hz, J = 29.0 Hz),
131.0, 129.0, 128.1, 127.0, 127.0, 124.0, 121.8 (d, J = 6.0 Hz), 121.3 (d, J = 6.0 Hz),
121.2 (d, J = 6.0 Hz), 116.3, 112.2, 117.0-109.8 (m, 4F), 63.1, 62.4, 47.1 (d, J = 7.0
Hz), 34.1, 32.5(26.9), 14.1, 13.6; °F NMR (376 MHz, CDCls) ¢ -83.55 (d, J = 286.9
Hz, 1F), -94.81 (d, J = 285.8 Hz, 1F), -95.05 (d, J = 287.3 Hz, 1F), -97.53 (d, J =
285.7 Hz, 1F) HRMS (ES|) m/z calcd for C34H30F4N,05 [M+H]+: 623.2164, found:
623.2162.

OL_N
EtO,CF,C

diethyl
2,2'-(5-(4-chlorophenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4,3-b]indole-4
,10-diyl)bis(2,2-difluoroacetate) (3f): white solid. Mp = 138-140 °C. *H NMR (400
MHz, CDCl3) 6 1.12 (t, J = 7.2 Hz, 3H), 1.43 (t, J = 7.2 Hz, 3H), 3.06 (s, 3H), 3.22 (s,
3H), 3.73-3.81 (m, 1H), 3.88-3.96 (m, 1H), 4.10-4.20 (m, 2H), 4.34-4.42 (m, 1H),
4.51-4.59 (m, 1H), 7.17-7.26 (m, 2H), 7.35-7.38 (m, 3H), 7.42-7.45 (m, 1H), 7.64 (d,
J = 6.8 Hz, 1H); **C NMR (100 MHz, CDCl3) 6 164.1 (t, J = 34.0 Hz), 163.9, 162.3
(dd, J =31.0 Hz, J = 35.0 Hz), 139.3, 137.8, 137.3 (t, J = 7.0 Hz), 135.9, 133.9, 132.4
(dd, J = 24.0 Hz, J = 29.0 Hz), 131.8, 128.9, 126.9 (t, J = 25.0 Hz), 124.2, 121.8 (d, J
=6.0 Hz), 121.4 (d, J = 6.0 Hz), 121.3 (d, J = 7.0 Hz), 116.4, 112.2, 116.9-109.7 (m,
4F), 63.3, 62.4, 47.1 (d, J = 7.0 Hz), 34.1, 32.6(26.9), 14.0, 13.6; *°F NMR (376 MHz,
CDCl3) 6 -84.30 (d, J = 285.0 Hz, 1F), -94.85 (d, J = 285.8 Hz, 1F), -96.08 (d, J =
284.6 Hz, 1F), -97.61 (d, J = 286.1 Hz, 1F). HRMS (ESI) m/z calcd for
CagH25CIF4N205 [M+H]": 581.1461, found:581.1460.

EtO,CF,C

N
e
diethyl

2,2'-(5-(3,4-dimethylphenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4,3-b]ind
ole-4,10-diyl)bis(2,2-difluoroacetate) (3p): white solid. Mp = 184-186 °C. *H NMR
(400 MHz, CDCl3) 6 1.09 (t, J = 7.2 Hz, 3H), 1.38 (t, J = 7.2 Hz, 3H), 1.53 (s, 3H),
2.35 (s, 3H), 3.05 (s, 3H), 3.24 (s, 3H), 3.57-3.65 (m, 1H), 3.73-3.81 (m, 1H),

3p
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4.13-4.22 (m, 2H), 4.35-4.53 (m, 2H), 6.94 (s, 1H), 7.09 (d, J = 7.2 Hz, 1H),
7.32-7.42 (m, 3H), 7.61 (d, J = 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) ¢ 164.0,
163.9 (t, J = 34.0 Hz), 162.3 (dd, J = 31.0 Hz, J = 35.0 Hz), 140.2, 139.0, 138.1 (t, J =
9.0 Hz), 137.7, 137.4, 132.7 (dd, J = 23.0 Hz, J = 26.0 Hz), 132.6 (d, J = 3.0 Hz),
131.3, 131.1, 127.0 (t, J = 24.0 Hz), 126.5, 123.8, 121.9 (d, J = 5.0 Hz), 121.3 (d, J =
6.0 Hz), 121.1 (d, J = 7.0 Hz), 116.1, 112.1, 116.9-109.8 (m, 4F), 62.9, 62.4, 47.0 (d, J
= 7.0 Hz), 34.0, 32.4, 21.3, 14.1, 13.6; F NMR (376 MHz, CDCl3) 6 -84.29 (d, J =
286.2 Hz, 1F), -93.71- -95.28 (m, 2F), -98.06 (d, J = 285.0 Hz, 1F). HRMS (ESI) m/z
calcd for C3gH39F4N20s5 [M+H]+: 575.2164, found: 575.2163.

EtO,CF,C

diethyl
2,2'-(2,6-dimethyl-1-oxo0-5-(p-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indole-4,8-diyl)b
is(2,2-difluoroacetate) (4a): white solid. Mp = 156-158 °C. 'H NMR (400 MHz,
CDCls) § 1.06-1.12 (m, 3H), 1.28-1.32 (m, 3H), 2.38 (d, J = 6.0 Hz, 3H), 3.07-3.20 (s,
3H), 3.30 (s, 3H), 3.60-3.72 (m, 1H), 3.80-3.91 (m, 1H), 3.99-4.09 (m, 1H), 4.16-4.21
(m, 1H), 4.26-4.36 (m, 2H), 7.05-7.27 (m, 4H), 7.28-7.51 (m, 2H), 8.39-8.59 (m, 1H);
3C NMR (100 MHz, CDCl3) 6 164.4(164.1), 164.2 (t, J = 35.0 Hz), 162.6-161.9 (m)
141.6, 140.3, 140.0 (t, J = 20.0 Hz), 139.2-138.8 (m), 137.6, 135.3, 132.7 (d, J = 33.0
Hz), 130.2, 129.4, 129.2, 128.9 (d, J = 70 Hz), 128.0, 126.7, 123.3 120.7, 124.8-106.9
(m, 4F), 63.4-63.0 (M), 47.2 (dd, J = 8.0 Hz, J = 11.0 Hz), 36.7-34.3 (m), 32.3 (26,9),
21.3 (J = 2.0 Hz), 13.9 (J = 3.0 Hz), 13.5 (J = 3.0 Hz); *F NMR (376 MHz, CDCls) 6
-83.29- -84.88 (m, 1F), -88.42- -89.97 (m, 1F), -94.88- -95.93(m, 1F), -101.88-
-103.42 (m, 1F). HRMS (ESI) m/z calcd for CygHagFsN,Os [M+H]": 561.2007,
found:561.2010.

EtO,CF,C

diethyl

2,2'-(2,6-dimethyl-1-oxo0-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indole-4,8-diyl)bi
s(2,2-difluoroacetate) (4b): white solid. Mp = 160-162 °C. 'H NMR (400 MHz,
CDCI3) o0 1.06-1.12 (m, 3H), 1.28-1.32 (m, 3H), 3.06-3.19 (s, 3H), 3.31 (s, 3H),
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3.59-3.71 (m, 1H), 3.80-3.90 (m, 1H), 4.01-4.11 (m, 1H), 4.17-4.23 (m, 1H),
4.27-4.35 (m, 2H), 7.09-7.23 (m, 1H), 7.29-7.51 (m, 6H), 8.40-8.59 (m, 1H); **C
NMR (100 MHz, CDCls) 6 164.4(164.1), 164.2 (d, J = 34.0 Hz), 162.2 (t, J = 40.0
Hz), 141.5, 140.0, 137.7, 135.4, 151.1, 130.1 (d, J = 24.0 Hz), 129.8, 129.6, 128.8,
128.7, 128.6, 128.0, 126.7, 123.3, 120.7, 125.0-106.9 (m, 4F), 63.5-63.1 (m), 47.3 (d,
J = 8.0 Hz), 36.7-34.4 (m), 32.3, 13.9 (d, J = 2.0 Hz), 13.6 (J = 2.0 Hz); **F NMR
(376 MHz, CDCls) 6 -83.54- -85.15 (m, 1F), -88.37- -90.07 (m, 1F), -94.95- -95.95
(m, 1F), -101.91- -103.50 (m, 1F). HRMS (ESI) m/z calcd for CagHz6F4N20s [M+H]™:
547.1851, found: 547.1850.

diethyl
2,2"-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]ind
ole-4,8-diyl)bis(2,2-difluoroacetate) (4e): white solid. Mp = 168-170 °C. *H NMR
(400 MHz, CDCls) § 1.06-1.12 (m, 3H), 1.30 (t, J = 7.2 Hz, 3H), 3.13-3.26 (s, 3H),
3.32 (s, 3H), 3.54-3.76 (m, 1H), 3.81-3.91 (m, 1H), 4.03-4.13 (m, 1H), 4.18-4.24 (m,
1H), 4.27-4.35 (m, 2H), 7.30-7.41 (m, 3H), 7.44-7.52 (m, 4H), 7.60-7.62 (m, 4H),
8.41-8.61 (m, 1H); 3C NMR (100 MHz, CDCl3) ¢ 164.4(164.1), 164.2 (d, J = 34.0
Hz), 162.4-161.6 (m), 142.4, 142.2, 1415, 139.6, 139.5, 138.7, 137.7, 135.3, 134.4,
134.0, 130.8, 129.0 (d, J = 9.0 Hz), 129.0, 128.1, 128.0, 127.0 (d, J = 2.0 Hz), 126.9
(d, J = 43.0 Hz), 123.3, 120.8, 124.9-106.9 (m, 4F), 63.5-63.1 (m), 47.3 (d, J = 8.0
Hz), 36.7-34.4 (m), 32.3(26.9), 13.9 (d, J = 2.0 Hz), 13.6 (J = 2.0 Hz); **F NMR (376
MHz, CDCls) 6 -83.65- -85.25 (m, 1F), -88.40- -89.95 (m, 1F), -94.78- -95.84 (m, 1F),
-101.85- -103.38 (m, 1F). HRMS (ESI) m/z calcd for Cz4HzoFsN20s [M+H]":
623.2164, found: 623.2163.

diethyl
2,2'-(5-(4-chlorophenyl)-2,6-dimethyl-1-0x0-1,2,3,6-tetrahydroazepino[4,3-b]indole-4
,8-diyl)bis(2,2-difluoroacetate) (4f): white solid. Mp = 158-160 °C. *H NMR (400
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MHz, CDCls) 6 1.12-1.18 (m, 3H), 1.28-1.33 (m, 3H), 3.11-3.23 (s, 3H), 3.30 (s, 3H),
3.74-3.86 (m, 1H), 3.92-4.01 (m, 1H), 4.03-4.10 (m, 1H), 4.15-4.21 (m, 1H),
4.27-4.37 (m, 2H), 7.09-7.52 (m, 6H), 8.39-8.59 (m, 1H); *C NMR (100 MHz,
CDCls) 6 164.2(163.9), 164.2 (d, J = 34.0 Hz), 162.3 (t, J = 40.0 Hz), 145.4, 141.1,
139.6, 137.8 (d, J = 14.0 Hz), 136.0 (d, J = 18.0 Hz), 135.4, 133.9, 133.6, 131.6,
130.3 (d, J = 24.0 Hz), 129.0, 128.8, 126.8, 123.4, 120.9, 125.2-106.9 (m, 4F),
63.5-63.2 (m), 47.4 (d, J = 8.0 Hz), 36.9-34.5 (m), 32.5 (26.9), 13.9 (d, J = 2.0 Hz),
13.6 (J = 2.0 Hz); °F NMR (376 MHz, CDCls) 6 -84.44- -86.05 (m, 1F), -89.25 (s,
1F), -95.84- -96.88 (m, 1F), -101.97- -103.45 (m, 1F). HRMS (ESI) m/z calcd for
C28H25C|F4N205 [M+H]+Z 581.1461, found:581.1460.

diethyl
2,2'-(5-(3,4-dimethylphenyl)-2,6-dimethyl-1-oxo0-1,2,3,6-tetrahydroazepino[4,3-b]ind
ole-4,8-diyl)bis(2,2-difluoroacetate) (4p): white solid. Mp = 184-186 °C. 'H NMR
(400 MHz, CDCl3) 6 1.09-1.14 (m, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.46-1.49 (m, 3H),
2.34-2.56 (d, J = 6.0 Hz, 3H), 3.08-3.21 (m, 3H), 3.33 (s, 3H), 3.58-3.70 (m, 1H),
3.73-4.81 (m, 1H), 4.02-4.14 (m, 1H), 4.17-4.23 (m, 1H), 4.26-4.35 (m, 2H),
6.91-6.94 (m, 1H), 7.07-7.12 (m, 1H), 7.28-7.50 (m, 3H), 8.39-8.59 (m, 1H); **C
NMR (100 MHz, CDCls) ¢ 164.4 (d, J = 34.0 Hz), 164.2(163.9), 162.3 (dd, J = 24.0
Hz, J = 36.0 Hz), 141.4, 140.4 (d, J = 24.0 Hz), 139.7, 138.8-138.5(m), 137.5, 137.3
(d, J = 5.0 Hz), 135.2, 132.7 (dd, J = 4.0 Hz, J = 38.0 Hz), 131.4 (d, J = 6.0 Hz),
131.0 (d, J = 25.0 Hz), 130.4 (d, J = 23.0 Hz), 128.9 (d, J = 6.0 Hz), 128.1, 126.9,
126.6 d, J = 20.0 Hz), 123.5, 120.7, 125.0-106.8 (m, 4F), 63.4-62.9 (m), 47.0-46.8
(m), 36.9-34.3 (M), 32.2 (26.9), 21.2 (d, J = 3.0 Hz), 19.4 (d, J = 12.0 Hz), 13.9 (d, J
= 7.0 Hz), 13.5 (J = 3.0 Hz); °F NMR (376 MHz, CDCls) ¢ -84.48- -86.12 (m, 1F),
-88.16- -90.30 (m, 1F), -94.25- -95.38 (m, 1F), -101.80- -103.51 (m, 1F). HRMS (ESI)
m/z calcd for CaoHszoFsN,Os [M+H]": 575.2164, found: 575.2162.
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8. Characterization data of 6a-6i and 7b

H,CO

O CF,CO,Et
=~
L
N O
\
6a

ethyl
2,2-difluoro-2-(5-(4-methoxyphenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepin
0[3,4-b]indol-4-yl)acetate (6a): 56.4 mg, 62% yield, white solid. Mp = 290-292 °C.
'H NMR (400 MHz, CDCls) 6 1.10 (t, J = 7.2 Hz, 3H), 3.05 (s, 3H), 3.30 (s, 3H),
3.64-3.72 (m, 1H), 3.84 (s, 3H), 3.86-3.92 (m, 1H), 3.99-4.04 (m, 1H), 4.00-4.05 (m,
1H), 4.14-4.18 (m, 1H), 6.87-7.03 (m, 3H), 7.07-7.37 (m, 4H), 8.34 (d, J = 8.0 Hz,
1H); C NMR (100 MHz, CDCls) 6 164.7, 162.4 (dd, J = 31.0 Hz, J = 37.0 Hz),
160.5, 138.9 (t, J = 7.0 Hz), 138.5, 138.4, 131.8, 128.2 (dd, J = 23.0 Hz, J = 29.0 Hz),
127.7, 126.3, 124.6, 122.8, 121.8, 115.6, 113.9, 112.4 (dd, J = 240.0 Hz, J = 249.0
Hz), 109.2, 62.9, 55.3, 47.2 (d, J = 7.0 Hz), 34.3, 32.0, 13.6; °F NMR (376 MHz,
CDCl3) ¢ -83.33 (d, J = 285.8 Hz, 1F), -95.10 (dd, J = 4.5 Hz, J = 285.8 Hz, 1F).
HRMS (ESI) m/z calcd for CpsH,4F2N204 [M+H]': 455.1777, found: 455.1773.

O CF,CO,Et
=
L
N O
\
6b

ethyl
2-(2,10-dimethyl-1-oxo-5-phenyl-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-yl)-2,2-dif
luoroacetate (6b): 50.5 mg, 60% yield, white solid. Mp = 190-192 °C. *H NMR (400
MHz, CDCl3) 6 1.10 (t, J = 7.2 Hz, 3H), 3.02 (s, 3H), 3.31 (s, 3H), 3.61-3.69 (m, 1H),
3.81-3.90 (m, 1H), 4.02-4.07 (m, 1H), 4.16-4.20 (m, 1H), 7.21-7.26 (m, 2H),
7.28-7.41 (m, 6H), 8.35 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) § 164.7,
162.4 (dd, J = 31.0 Hz, J = 35.0 Hz), 139.1 (t, J = 7.0 Hz), 138.4, 138.2, 135.5, 139.5,
128.6, 127.7, 127.2, 126.3, 124.8, 122.9, 121.9, 115.7, 112.3 (dd, J = 243.0 Hz, J =
250.0 Hz), 109.2, 63.0, 47.3 (d, J = 8.0 Hz), 34.3, 32.0, 13.6; °F NMR (376 MHz,
CDCl3) ¢ -84.32 (d, J = 285.8 Hz, 1F), -95.28 (dd, J = 4.5 Hz, J = 285.8 Hz, 1F).
HRMS (ESI) m/z calcd for Ca4H22F2N203 [M+H]": 425.1671, found: 425.1676.
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Cl

O CF,CO,Et

=
N O
\

6¢c

ethyl
2-(5-(4-chlorophenyl)-2,10-dimethyl-1-o0x0-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-
yl)-2,2-difluoroacetate (6¢): 37.6 mg, 41% yield, white solid. Mp = 184-186 °C. H
NMR (400 MHz, CDCl3) ¢ 1.52 (t, J = 7.2 Hz, 3H), 3.06 (s, 3H), 3.30 (s, 3H),
3.77-3.85 (m, 1H), 3.90-3.98 (m, 1H), 4.00-4.05 (m, 1H), 4.14-4.18 (m, 1H),
7.10-7.24 (m, 2H), 7.26-7.38 (m, 5H), 8.34 (d, J = 8.0 Hz, 1H); *C NMR (100 MHz,
CDCls) ¢ 164.6, 162.3 (dd, J = 31.0 Hz, J = 36.0 Hz), 138.4, 139.1 (t, J = 7.0 Hz),
137.8, 135.7, 134.0, 131.6, 129.2 (dd, J = 23.0 Hz, J = 28.0 Hz), 128.8, 126.2, 125.0,
122.9, 122.0, 116.0, 112.2 (dd, J = 243.0 Hz, J = 249.0 Hz), 109.2, 63.2, 47.4 (d, J =
6.0 Hz), 34.4, 32.0(26.9), 13.6; *°F NMR (376 MHz, CDCls) ¢ -85.23 (d, J = 282.8
Hz, 1F), -96.23 (dd, J = 3.8 Hz, J = 283.1 Hz, 1F). HRMS (ESI) m/z calcd for
Co4H>1CIF2N,04 [M+H]+: 459.1282, found: 459.1284.

NC

O CF,CO,Et
=~
(I
N O
\
6d

ethyl
2-(5-(4-cyanophenyl)-2,10-dimethyl-1-o0xo0-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-
yl)-2,2-difluoroacetate (6d) 33.3 mg, 37% vyield, white solid. Mp = 198-200 °C. *H
NMR (400 MHz, CDCls) § 1.21 (t, J = 7.2 Hz, 3H), 3.04 (s, 3H), 3.31 (s, 3H),
3.91-3.98 (m, 1H), 4.02-4.08 (m, 2H), 4.14-4.17 (m, 1H), 7.22-7.40 (m, 4H),
7.47-7.68 (m, 3H), 8.34 (d, J = 7.6 Hz, 1H); **C NMR (100 MHz, CDCl3) 6 164.4,
162.4 (dd, J = 33.0 Hz, J = 37.0 Hz), 140.4, 138.5, 137.2 (t, J = 6.0 Hz), 137.1, 132.1,
130.9, 130.1 (dd, J = 24.0 Hz, J = 26.0 Hz), 126.2, 125.3, 123.0, 122.2, 117.9, 116.3,
113.2, 112.2 (dd, J = 248.0 Hz, J = 250.0 Hz), 109.3, 63.5, 47.6 (d, J = 4.0 Hz), 34.5,
32.3(26.9), 13.7; °F NMR (376 MHz, CDCls) 6 -87.54 (d, J = 278.2 Hz, 1F), -97.59
(dd, J = 3.8 Hz, J = 278.2 Hz, 1F). HRMS (ESI) m/z calcd for CasH21F2N203 [M+H]":
450.1624, found: 450.1625.
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O CF,CO,Et
=
L
N O
\
6e

ethyl

2-(2,10-dimethyl-1-oxo-5-(o-tolyl)-1,2,3,10-tetrahydroazepino| 3,4-b]indol-4-yl)-2,2-d
ifluoroacetate (6e): 50.8 mg, 58% vield, white solid. Mp = 134-136 °C. *H NMR (400
MHz, CDCl3) 6 1.07-1.20 (m, 3H), 2.07-2.31 (m, 3H), 2.64-3.31 (m, 3H), 2.97-3.04
(m, 3H), 3.59-4.22 (m, 4H), 6.42-6.97 (m, 2H), 7.20-7.42 (m, 5H), 5.96 and 8.34 (d, J
= 7.6 Hz, 1H); *C NMR (100 MHz, CDCls3) ¢ 164.7, 162.4 (dd, J = 31.0 Hz, J = 37.0
Hz), 150.7, 140.9 (t, J = 65.0 Hz), 139.2 (t, J = 7.0 Hz), 138.4 (d, J = 15.0 Hz), 138.3,
135.4, 130.2, 128.9 140.9 (d, J = 34.0 Hz), 128.4, 127.6 (t, J = 18.0 Hz), 126.3, 124.6,
122.8, 127.8, 115.6, 112.3 (dd, J = 241.0 Hz, J = 249.0 Hz), 109.2, 62.9, 47.3 (d, J =
6.0 Hz), 34.3(29.3), 32.0(26.9), 21.2, 13.5; *°F NMR (376 MHz, CDCls) 6 -84.27(d, J
= 286.1 Hz, 1F), -94.28- -101.70 (m, 1F). HRMS (ESI) m/z calcd for CasHz4F2N,03
[M+H]": 439.1828, found: 439.1834.

O CF,CO,Et
=
(I~
N O
\
6f

ethyl
2-(2,10-dimethyl-1-ox0-5-(m-tolyl)-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-yl)-2,2-
difluoroacetate (6f): 36.0 mg, 41% yield, white solid. Mp = 170-172 °C. *H NMR
(400 MHz, CDClg) 6 1.12 (t, J = 7.2 Hz, 3H), 1.55 (s, 3H), 3.03 (s, 3H), 3.34 (s, 3H),
3.62-3.67 (m, 1H), 3.77-3.81 (m, 1H), 4.05-4.10 (m, 1H), 4.18-4.22 (m, 1H),
7.10-7.12 (m, 1H), 7.20-7.22 (m, 1H), 7.26-7.36 (m, 4H), 7.46-7.48 (m, 1H), 8.35 (d,
J = 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) 6 164.5, 162.4 (dd, J = 31.0 Hz, J =
35.0 Hz), 138.7 (t, J = 8.0 Hz), 138.2, 137.7, 137.7, 134.2, 132.6 (d, J = 3.0 Hz) ,
130.6, 130.1, 129.6 (dd, J = 24.0 Hz, J = 29.0 Hz), 126.3, 125.8, 124.8, 123.1, 121.9,
115.6, 112.3 (dd, J = 240.0 Hz, J = 250.0 Hz), 109.2, 62.9, 47.2 (d, J = 7.0 Hz), 34.2,
32.0, 21.3, 13.5; F NMR (376 MHz, CDCls) ¢ -85.58(d, J = 285.8 Hz, 1F), -94.42-
-95.19 (m, 1F). HRMS (ESI) m/z calcd for CysH,4FoN,O3 [M+H]": 439.1828, found:
439.1827.
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OCH,

O CF,CO,Et

/

I
N O
\
6g

ethyl
2,2-difluoro-2-(5-(3-methoxyphenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepin
0[3,4-b]indol-4-yl)acetate (6g): 40.8 mg, 45% yield, white solid. Mp = 188-190 °C.
'H NMR (400 MHz, CDCls) 6 1.11 (s, 3H), 3.09 (s, 3H), 3.31 (s, 3H), 3.63-3.71 (m,
3H), 3.81-3.90 (m, 2H), 4.00-4.05 (m, 1H), 4.15-4.18 (m, 1H), 6.45-7.04 (m, 3H),
7.22-7.37 (m, 4H), 8.34 (d, J = 8.0 Hz, 1H); **C NMR (100 MHz, CDCl;) ¢ 164.8,
162.4 (dd, J = 31.0 Hz, J = 35.0 Hz), 159.6, 150.7, 140.6, 138.9 (t, J = 7.0 Hz), 138.4,
138.0, 136.7, 129.7, 129.1 (t, J = 25.0 Hz), 128.7 (dd, J = 7.0 Hz, J = 16.0 Hz), 126.3,
124.7,122.8, 121.9, 115.7, 112.3 (dd, J = 242.0 Hz, J = 250.0 Hz), 109.2, 63.0, 55.4,
47.3 (d, J = 7.0 Hz), 34.3, 32.0, 13.5; °F NMR (376 MHz, CDCls) ¢ -83.89- -85.14
(m, 1F), -94.42- -95.19 (m, 1F). HRMS (ESI) m/z calcd for CasH24F2N,04 [M+H]™:
455.1777, found: 455.1776.

O CF,CO,Et

/

I
N O
\
6h

ethyl
2-(5-(2,4-dimethylphenyl)-2,10-dimethyl-1-o0x0-1,2,3,10-tetrahydroazepino[3,4-b]ind
ol-4-yl)-2,2-difluoroacetate (6h): 45.3 mg, 50% vyield, white solid. Mp = 160-162 °C.
'H NMR (400 MHz, CDCls) 6 1.14 (t, J = 7.2 Hz, 3H), 1.52 (s, 3H), 2.37 (s, 3H), 3.07
(s, 3H), 3.35 (s, 3H), 3.62-3.70 (m, 1H), 3.77-3.84 (m, 1H), 4.05-4.10 (m, 1H),
4.18-4.22 (m, 1H), 6.95 (s, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.23-7.37 (m, 4H), 8.37 (d, J
= 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) 6 164.6, 162.4 (dd, J = 32.0 Hz, J = 36.0
Hz), 140.1, 138.8 (t, J = 8.0 Hz), 138.2, 137.9, 137.5, 132.6 (d, J = 4.0 Hz) , 131.3,
131.2,129.4 (dd, J = 24.0 Hz, J = 30.0 Hz), 126.4, 126.4, 124.7, 123.1, 121.9, 115.4,
112.3 (dd, J = 240.0 Hz, J = 250.0 Hz), 109.2, 62.8, 46.9 (d, J = 6.0 Hz), 34.2 (d, J =
1.0 Hz), 32.0(26.9), 21.2, 19.5, 13.5; *°F NMR (376 MHz, CDCl3) ¢ -85.28 (d, J =
285.8 Hz, 1F), -94.26- -95.02 (m, 1F). HRMS (ESI) m/z calcd for CyH2sF2N203
[M+H]": 453.1984, found: 453.1981.
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ethyl

2-(2,10-dimethyl-1-oxo-5-(thiophen-2-yl)-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-y
)-2,2-difluoroacetate (6i): 26.8 mg, 31% yield, white solid. Mp = 128-130 °C. 'H
NMR (400 MHz, CDCl3) ¢ 1.13 (t, J = 7.2 Hz, 3H), 3.20 (s, 3H), 3.30 (s, 3H),
3.74-3.82 (m, 1H), 3.94-4.04 (m, 2H), 4.18-4.21 (m, 1H), 7.06-7.08 (m, 1H),
7.26-7.32 (m, 3H), 7.35-7.39 (m, 1H), 7.49 (dd, J = 0.8 Hz, J = 5.2 Hz, 1H), 8.33 (d, J
= 8.0 Hz, 1H); *C NMR (100 MHz, CDCl3) 6 164.6, 162.1 (dd, J = 31.0 Hz, J = 37.0
Hz), 138.5, 137.7, 136.6, 132.4 (d, J = 6.0 Hz), 131.7 (dd, J = 6.0 Hz, J = 8.0 Hz),
130.3 (dd, J = 22.0 Hz, J = 32.0 Hz), 130.2, 127.2, 126.2, 124.9, 122.8, 122.0, 115.6,
112.2 (dd, J = 240.0 Hz, J = 250.0 Hz), 109.4, 63.1, 46.9 (d, J = 8.0 Hz), 34.3, 31.3,
13.6; °F NMR (376 MHz, CDCl;) ¢ -81.01 (d, J = 287.3 Hz, 1F), -95.44- -96.21 (m,
1F). HRMS (ESI) m/z calcd for CyHaoFoN205S [M+H]™: 431.1235, found: 431.1236.

S
N CF,CO,Et
b
N
\ I
7b
(E/Z)-ethyl

3-((N,1-dimethyl-1H-indole-3-carboxamido)methyl)-2,2-difluoro-4-iodo-4-phenylbut
-3-enoate (7b): 11.0 mg, 10% yield, yellow solid. Mp = 130-132 °C. *H NMR (400
MHz, CDCls) 6 1.23 (t, J = 7.2 Hz, 3H), 2.20 (s, 3H), 3.01 (s, 3H), 3.99 (dd, J = 6.8
Hz, J = 16.8 Hz, 1H), 4.14 (s, 2H), 4.21-4.26 (m, 2H), 6.16 (d, J = 8.0 Hz, 1H),
6.64-6.71 (m, 3H), 6.83 (d, J = 7.6 Hz, 1H), 7.05-7.26 (m, 4H); *C NMR (100 MHz,
CDCl3) 6 171.7, 162.1 (t, J = 33.0 Hz), 138.5, 151.6, 143.8 (d, J = 5.0 Hz), 141.2,
131.9, 129.8 (d, J = 5.0 Hz), 128.6 (d, J = 17.0 Hz), 127.3 (d, J = 25.0 Hz), 118.8,
114.3 (d, J = 251.0 Hz), 110.5, 108.5 (d, J = 7.0 Hz), 107.4, 107.0 (d, J = 7.0 Hz),
99.3, 76.1-74.4 (m), 63.0-59.8 (M), 34.9 (34.3), 29.9 (29.7), 14.2 (13.2); F NMR
(376 MHz, CDCls) ¢ -98.21 (d, J = 286.5 Hz, 1F), -102.97 (d, J = 286.5 Hz, 1F).
HRMS (ESI) m/z calcd for Ca4H23F2N2031 [M+H]*: 553.0794, found: 553.0791.
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9. 'H NMR, *C NMR and *F NMR spectra of 2a-2t

0000—

LL0')
mmo;w
EHEL

08€C
620°€
20€'e
€19¢
LE9'E
0v9'e
8v9'€
LS9°E
G.9'€
269°€
918'€
vmw,ml./l
cse8'e
098¢
8.8
968'€
966'€
600
€e0V
90V
Eviy
8Ly

cLLL
L02'L
lLec’L
G92’L
G82'L
Y0’ L—F
Gee'L
wve'L
29€’L
S0G°L

€EE8—7
Nmm.w\.

MUUL_,JL

1

0 ppm

910°€

_—

cv0'e

£00°€
000°€
020'L
€0}
clo’h
2401

G860

¢S EL—

62'lc—

c0ce—
veve—

by
mN.nvv

745"
9G'SHI
vLiclh
6Lccl
Lovel
rA4%
vi'gch
e8¢l
€v'8ct
99'821
6L6ct
6L°0Et
9geel
ce8el
6€'8€E}
SO'6€t
eL6el
0c6et
y9'6€t
L0729t
8€29l
e€v'eol
SL29l
0L¥91

SN

—

ol L

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S26



65566~
66LV6——

L6E V8~ ~_
LE€9'€8——

1o

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

8/0'+
mmo._W
[N

€08'9
802'L /
12Tl
€82,
208 L~

mwms\
1pes \
it \
1092

GEE'8~_
€688

6 ppm

N BTeN

7

0 ppm

000

)

€560

S27



EVeEl—

V61—
viveE—

Yo'Ly
:.n#\v.

09'60}
c0cht
oLeHE
3R 43"
Sv'SHE
L9'lel
cocel
9S'vel
9092}
62'8¢cl
£v'8cl
ce'8et
JASR-143
18'8¢l
ev'6ct
62°GEL
S0'8€EL
618€1
$8'8€L
c6'8EL
668€1
/8191
61291
yeeol
SG29l
vSyoL

e e S\ pppre

ok

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

PYS 66—~
2e8L Y6~ —

[ R4 mia.
188'€8——

ppm

-60 =70 -80 -90 -100 -110 -120 -130

-50

S28



0000

6.0°L
160}
S
6¥0°€
c0e'e
9€9'€
¥S9'€
€99'€
[A° R
189°€
069°€
669°€
FAYA
GEB'E
098¢
898'€
1/8°€
988'€
G68'€
06°€
26t
686'€
€00y
€0y
9207
(4004
ovly
LLVY
.89
8889
SleL
9€c’L
192°L
882°L
90€°L
80€°L
128,
LEEL
8ve'L
99€°L
89€°L
cee’8
1GE'8

e e

OCHg

2c

Lt

g

T

T

=)
=
=
)

!

0 ppm

=

[}

=000°€

€20
860"}
LE0"
6.0°}
(44"
€€0°}

o

9GEL—

OCH;

2c

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S29



8’66~
889 V6——

189°€8— ~_
026'¢8——

OCH;

2c

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

vEL}
NQ._W
oLk}

8L0'¢
€1e¢
vLe
09.°€
0LL'€
8.L€
/8L°€
S6L°€
S08'€
ce8'e—

G26'e
cve'e
0.6°€

620y
o'y
990'v
6.0'%
81y
S61v

802,
622,
192,
062,
80€°L
9ze’L
ceseL
69€°L
98¢,
nvo.w\
LEE'8
9G€'8

" Jl.hJL.L_..JLA.JL

0 ppm

- o™

- <

-

=000
=<LSG1E
/Ly
6Ly

=reo't

NI

—060°}

—5¥8¢

Gl0e

=&c0’}

S30



c9CLl—

18'9¢—
022€—
arveE—

Wy
ov Ly
1£25—

1L2'€9—

89'9L

oo.nnv

ceLL
G260
69'601
14X4%"
8LCHt
€9PLL
96°'GH1
€0'cet
€6'ccl

L0°Gel
0c'oct
mN.mN—/
cg6et
95'62}

y9'6ct
08'6ct

16" omv\
65°LEL
S6'LEL
c0'8el
60'8€}
ov'8el
woovrx

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

126'96—
:m.oml/
0L1'96-

091'06-~
692'68-—
£8y'98-—7
mmhmwu\

ppm

-40 -60 -80 -100 -120 -140 -160 -180

-20

S31



0000—

€07}
Fmo.r/
6041 1~

2c60'e
yee'e
LS9°€
G/9°€
¥89°'€
€69
c0L'e
LLL'E
0cLe
8€LE
ye8'e
cr8'e
1G8°€
098¢
898
1/8€
988'€
06°'€
9€0'y
0S0'y
€L0v
/80'%
VLY
Ly
8cc’L
8ve'L
652,
162°L
60€°L
9ceL
62€°L
e L
6vE’L
L9E°L
69€°L
88€L
90¥L
Ly,
9L
y8v°'L
S19°L
€€9°L
9€9°'L
SE'8
v.€'8

JJULLJq

T

0 ppm

T =<2g0°€

® <010¢
=000€
—280°L
=0.0}
~ =7.07)
—~980°L

=9rie
80’9

6607

=820}

c9eL—

06'9¢—
ecee—
SEYE—

. |

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S32



281'G6~
cLy'G6~ V.
oL v6~
chLv6~ \

€LLY8~_
€L0y8——

ppm

T
-90 -100 -110 -120 -130

T
-80

T
-60

P

7 ppm

0 ppm

<

~

Lo a5
—6.67C

—000°€
€€0°L
1902

—JSs0't

9€0°}

01’9

— <2660

S33



c9€L—

22'ee—
LEVE—

gLy
98 Ly
£2E9—

899

oo.mmv

ceLL
2601
v.'601
8LchL
veell
891
96'GHL
66’lcl
€6'ccl
g6'vel
ccoct
£€8'821
1,682}
oc'ect
ye6ct
8y'6ct
99'LE}
€0VEL
GL'GEL
8L°LEL
v8'LEL
16°LEL
(41
oLeot
L2l
9¥'291
LL29}
SSP9l

sSsSS\\ ==

__J‘.Jmuu_d___db._

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

26596~
18596~ V.
6€8'G6~
628'G6— “.

9/G°68—~_
€28 y8——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S34



961
vie
cege’

V

6€0°€
80€E
668'€
LI6E
926
GE6'E
6’
€G6'C
296
086'€
020’y
S0y
LEQY
VA4V R4
950y
290y
v.0'Y
280y
9EL'Y
eLLY
0ce'L
ove’L
92,
862,
00€°L
SIeL
LIEL
SEE'L
8EE’L
oveL
G9€°L
89€°L
€8€°L
98¢,
68€°L
yov'L
L0V,
72 A
1892
LEE8
1GE'8

M’M—‘W

)

T

0 ppm

=080°¢€

™ 778/6C
=000°€
—/180°L
¥ =600

\090'}

=N

6882
2€8'e

=29%6'0

€LEL—

€26 —
ySve—

€9°'LY
oG Ly
6S'LY
co'Ly

€G'€9—

89'9/

00'2L W

2Ll
61211
897LL
LULLL
62601
€2l
£e'9Ll
16°LLL
gz2el
20°€zt
62'G2l
L1921 /
ogezl
S0'0E}
0€'0€}
601
GL2ZEL
L07/€1
yLLEL
12'L€1
ov'8el
ov'orl
11291
£v'2ol
L'29L
6.°291
ov'y9l

sTTTsSsSSYY

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S35



09626~ ~_
6lcL6——

1687/8—~_
LSV/8——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000
YU
SoL't
€811
5€9C
920°€
e
€8L°€
108’
oige
818°€
28°€
9€8°€ |
S8'€|
£€98°
2e6'E
6v6'€
856°€
196°€
9/6°€
86
¥66°€
2oy
€E0'Y
90y
0L0'Jf
€807
SSLy
6Ly
900°Z
620°Z
€L0°L

602'L
62c’L
692°L N\

682'L
L0€°L
92e’L
1GE'L
69€°L
98€°L
LEV'L
LSY'L
98y°L
GEG'L
GG8G'L
GE€9'L
¥S9°L
296°L
LEE'8
1G€'8

.

7 ppm

ppm

10

S36



c9CLl—

899/

00°2L

LE&'LL
€2'601
0,601
9LCLL
0ccht
99Vt
96'GH1
coeet
o6cel
00'sel
JARTA
og'set
8c'6¢ct
cg6ect
ys'6ct
8L'6c1
LS0E}
€ELE}
LS°LEL
A AN
€6°LE}
00'8EL
8€'8¢E|
erAl 4"
90°291
8€°291
a9t
¥.°291
0S'v9L

B e . g

€161 —

L Dl

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

0€2'L6-
22T L6~ V
£87°96~
Y.y°96- \

82898~ ~_
080'98——"

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S37



0000—

SOL'L

geht W
WL

SYS'L

mmo.m/
LEE'E
66G°€
L19'€
G29'e
V€9'E
€V9'E
199°€
6.9€
1478
192°€
6.L°€
88L°¢€
PR
908'€
e8'e
154084
960y
0801
€607
(V484
LLVY
vicvy
voL'L
€2’
902’
9ce’L
G9¢’L
€82°L
882°L
20€e°L
ace’l
ove’L
6G€°L
8Sy’L
UY'L
9€€'8
9G€'8

A

MLLJ_@L

T

T

T

0 ppm

=000°€

9882

@ = /90
=re0e
—G6S0°L
—LV6°0

6602

8829~
89'9/
0022
2zeLL
L1604
€460}
ELeH
€2ehh
€91l
9G'HE
[
o€zl
vLveL
9L'52k
0e'9zh
9z'62}
0562+
5962k
6,62}
90'0€}
€e0et
Sg0€Ek
8g2E}
192EL
ELvEL
S9'ZE}
0L L€}
028t
09'8E}
L98EL
SL8EL
0029+
129t
9e'z9k
19291
25v9t

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 ppm

190

S38



¥S1°G6~
vi.mml/
9v6'v6—~\
16LY6——1
8@31\
£8E' 76~

126'G8——
09}'68——

ppm

-70 =75 -80 -85 -90 -95 -100 -105 -110 -115

-65

ppm

[

- ™

=(G€9°0
=.08€¢

—000°€

1962

JJUL&JU

- <

Fwo

\829°0
=9¢ec
09.'€

S39



09¢CHt
c0GLHE
LEGLL
y€'0ct
§9°'0ct
Sv'ict
09'let

0,22l
0622k =

8l'vel
6€velt
0L'vet

Le9ct
€862
S00€k
80°0€}
0g0Et
€5°0€}
¥8°0€L
YL LEL
66°2CEL
cSeel
oL'sel
LE'BEL
Ly'9S1
159291
26291
Lee9l
€679l

el L

T
160

170

T

180

10 ppm

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

150

190

1827201~ ~_
LE0°20L——

5096~
mvoo?/
16256

omm.mm-w
1SSv6- \

18°€6—

G/6'G8~ ~
8lg'68——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S40



Wi

0 ppm

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S41



90€°€0 4~ ~_

895201 —
6,696~
mwm.wmu/
822'96-
w&.wm-W
966
moo.mmu\

6€2°98— ~_
/8Y'68——

ppm

T T T
-70 -80 -90 -100 -110 -120 -130

T
-60

0000

gie’t

LeeL

Levs

SL9°L

19972
2L9°L
7e€'8
ys€'8

A\

0 ppm

<

-~

=120
—990'}

120’
—000°€

ek

268t

18l

€20}

—596°0

S42



LZmEe9—

89°9L
oo.»»%
ceLL

6T

TG”
20°
css

06"
T0°
LO"
76"
78"
oe”

i1
16°
8¢C"

0z*
€6°
LL
67"
9€"
6%°
G8°
TLY
8L"
Le:
8-’
9 T*
ce
£S5
6G°
86"
v.9*

‘60T
60T
[
PIT
"9k
12T
€21
€21
€21
et
921
‘9¢T
LzZ1
Let
0€T
‘0€T
TET
€T
ZET
€€T
PET
SE€T
9€1
LET
LET
8€T
91
Z9T
291
291
291
791
o1

eSS TS ee—

el il

10 ppm

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

190

0S9°201—~__
€167 L0L——

0696~
¥68'96~ /
95196~
Ly1'96- W
¥6€'€6-
95926~ s

PEV 98—~
G89'G8——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S43



LLO'L
680°L
L0L°}

L1ee
Lv0'E
LOE'E
89G°€
¥8G°€
LI9'€
129°€
9v9'€
S08'€
2e8’e
ov8'e
8y8'¢
8G8'¢
998'€
G88'E
€00y
910y
ovo'y
€50y
oSty
88L'y

€02'L
e’
gve’L
€92°L
282,
662°L
AW
Le'L
8G€°L
9.8,

6€E'8
mmm.mw

N%‘

llhn.,\ A

20’

=6.l6¢
=000°¢
980°}
650°L
G0}

—SSs0°L

o

6619

880°1

€5°ElL—

0g'le—
18'9¢—
90°2E —
LeveE—

e Ly
62 ip—"

Ll Ll

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

44



0vS'66——
828'v6——
ISL'Y6——

€85'v8-—
1c8'€8——

ppm

-105

-100

-95

-90

-85

-80

-75

0000—

L

6 ppm

7

0 ppm

=41

© —000°€
9v0'e
IS0
—7502
~ =8yt

960}

S45



LG"

€0°
oe”

8¢’

ge”

4

66"

89"

00°
ce”

sZ*
&8~
vee
45
£L”
EL™
88"
98"
9L”
ze”
€9°
88"
16°

89°
€L
86"
6€”
L8"
S6°
€0°
(04
29
90~
ST
Lg"
4
€L
8L"

‘62CT

e —

pE—

Ly
Ly

eg—

99—

[
~

LL

~
~

N

60T
60T

it
AN
STT
x4
et
vet
XA
8¢l
8¢T
8¢l

62T

“9c 1 F

LET
8€T
8ET
8€T
6€T

“96T
“6e1 /]

291
29T
29T
291
29T
poT

o L

90 80 70 60 50 40 30

100

180 170 160 150 140 130 120

190

921'G6~
91166~ V
£9€ V6~
£GE V6~ 7
621°G8-
mmm.vmu/
06e v~
6£8'€8- \
818'€8-

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S46



260°e
L0€E°E
0€8°€
1€6°€
6v6'C
8G6'€
L96€
9/6'€
G86'E
766°€
00y
LIOY
o'y
¥S0'y
144
€8L'v

8¥8'9
€L
yse'L
€9¢°L
062,
80€°L
9ce’L
LS€°L
SLE°L
c6eL
olv'L
L0S°L
aees’L
9€e'8
96€'8

U

7 ppm

0 ppm

20’

[ ey

L00'€

= 000°€

|

SEO0'}
< __960°¢
—820't

f

L0}

G2l'9

7

1860

19€L—

18'9¢—
G2ee—
8EYE—

\eLp
e

hm.mwr
nm.mm—w
mm.mm—
€9VEL .\
62'LEL
SP'LEL
cS'LEL
6G°/E1
418
Y029l —.

GE29l
ov'eolt
cLeol

ySyol

___J._.JLJLL___..__LL

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S47



%w@wu
mww.om-/
66858~ ~\
0558~
Bm,mwl\

809’78~

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

»

0 ppm

—000°¢

Lv872

—L20€

™ 778862
—00°€
—8l0°}
= 8€6°0

< 6L

—~Z}60

/€160
N~ 7910°4

920’}

\88} €

060

S48



9v"

4
(44

S6°
(44

Z8
68

78"
89"

00

[43
ST
18"
IC°
1€”
LL°
€p°
98"
70°
L9™
pE=
0%
S0
62"
ge”
6S”
€¢”
143
98
6S
8%
0s-
26"
81"
L
8L"
08"
L8"
01"
LO"
8€"
£p°
L
LS

ET—

6T ~—
Te—="

I€—
ve—

‘9
.wvv.

29—

9L
.:V
"iLL
60T
60T
(AN
(4"
PIT
ST1
12t
€21
et
921
921
621
621
621
621
TET

"IET
“CET
"CET

LET
LET
LET
8ET
8¢T
8€T
8€ET
8€T
07T
29T
(420
291
291
FoT

| s

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

190

0L0'G6—
wwn.vmly
vwm.vmlx

0Sc'v6—

£69'68——
€68'V8——

ppm

-70 =75 -80 -85 -90 -95 -100 -105 -110 -115

-65

S49



€02'e

y62'€

LEL'E

¥GL'E

€9.°€

cLLE

18L°€

68.°€

66.°€

L18°€

VE6'€—5
1S56°€
6S6'€
696°€
286
166
610V
Ye0'y
9LL'Y
€lcy
$S0°L
€90°L
990°L
GL0°L
862’
99¢’L
6.2,
862,
90€°L
91€’L
€6€°L
LLEL
68€°L
88Y°L
0052
91€'8
9€e’8

I

U

0 ppm

-~

F~

=000°€

=920’}
6LV

—060'}

—¥s6°0

09°€L—

¥8'9¢ —
62 1E—
yeve—

LL9Y
POy

S0'€9—

89'9/

002,

ceLL
SE'601
0,60}
60CHL
ozzelLl
09¥vLL
€G'GLHI
y6°LgL
8/'2cl
06'vct
cloct
Sh'.2L
€6'6¢t
SL'0EL
6L°0EL
€2°0€L
Sy'oEl
LS'IEL
€9'LEL
LLLEL
seeel
ov'egel
LG9EL
99°LE}
Sv'8el
0L'19t
0029t
L0729l
8€'29l
SSY9l

<

e e e

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S50



1296~
€02°96— V
0SY'G6—
6EY'G6— ”\

L6€° 18—~
€€9'08——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

€890
1020 W
6120

852
av'e
£6v'2
2052
0s2e—7
8852 7
0z8z—"

892'¢
182°¢
g62'e V
yiee \

18ec
sy
91y
68L'Y

20ey
09g'y
962y

b bl

)
@
Ll
=

QM| A<t
—|—|®O

©
F’)
2|2
=

0L0

<
Yo}
Q2
AL

o
D
D
o

S51



96¢t—

18'92—
88'1E~_

92'vE
gz ve
69y

02—

9€'29~_

89'9/

00°LL

eELL
2260k
8L'601
9LzH
9z'2h
!
20°GHL
06'12}
so'ezt
2Lyl
982l
so'szl
g9zt
2921
62821
8y°0El
2L0EL
18'0EL
20'EL
L8'1EL
26'LEL
S6'LEL
82'€El
SLLEL
L8'LEL
v6'LEL
20'8El
zesel
Sg'L9L
98’19l
16'191
gze9l
€491

TTTSsSsSTTTeese—

e

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

€9€'V6—
9GE' V6~ V.
£65°€6~
98G°€6~ “

YL9V8—~_
S06'€8——

Lk

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S52



|

JEY

0 ppm

T <o

o = S00°€
=000°¢
—2e0’t
—5e0°L

T T 810°L
—~ES0'}

f

9/9'9

7

—_8yo't

SGEL—

Lb2e~—
ceveE—

ac'ly
82'Ly

10'€9—

899/
0024 >

ce'LL w.

ce601
8960}
OLeCHt
JARAYS
6SvLL
SL'GHE
Lo9eet
/8'€cl
9.yl
€9'8¢l
18821
0’62t
60°'6¢t
e€e6ect
9962}
LL°0€EL
le'Gel
L1L°8€}
18'8€E}
88'8EL
6191
Geeol
0€29t
19291
€€Vl

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S53



89/'G6~
1G1°G6~ V
£00°G6~
96676~ N

88678~ ~_
Legv8——

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

€90°}
080} W
860'
€€9¢
962
60€°€
08S°€
86G°€
L09°€
919'€
G29€
€9
€V9'€
199°€
16L'€
G18°€
28'e
£€€8'e
L¥8'€
0S8
6S8°€
118°€
920y
ooy
€90y
L0V
12°14
(114
0L
6S0°Z

62,
8yl'L W
2914
1se’L—
Y9€°L
v8€°L
86€°L
VAS A

viz8—7
vmm.m\

0 ppm

~ =660°E

= 000°€

=6’
280}
8v0'}

~ 880t

—E€0'}

YGL'L

j

—1o0’t

S54



9¢°

6€"

6€"

0% "

62"
9g”

L6”

89"
00"
(45

08"
0z*
62"
oL®
96°
S6°
E8'°
ST”
78"
zs”
08"
G8°
06"
60°

4
v8-
LLY
€0°
01"
81"
Po°
86°
0€"
GE”
99"
v9-

“6CT

€T —

g9—

~r~\0
~r~~

NS W

60T
[AN
[A9s
PIT
S11T
021
IcT
Lzt
Lzt
821
82T
821
821
621

0€T
SET
LET
6€T
6€T
6€T
6€T
ToT
291
291
291
79T

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

$G5°G6-
2vSg6— V
16L 76~
08Lv6- \

786'€8—~_
eee'e8——

ppm

-60 =70 -80 -90 -100 -110 -120 -130

-50

S55



M
~
Q
Q
~
L
&)
N
\

10. *"H NMR, *C NMR and *F NMR spectra of 3 and 4
EtO,CF,C
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11. The ratio of 3 and 4 was determined by crude *H NMR spectra
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12. 'H NMR, *C NMR and *°F NMR spectra of 6a-6i and 7b

H3CO,

i,
Q /
Q z
Y o
)
\
\N\

A

|

0 ppm

R

=Si0€

S73



9GEL—

66'1E —
9eveE—

Ly
8l
8256 —
1629—

89'9L

002,

ceeLL
61°601
0660}
0€CHt
6E€CHt
€6°ELE
6L YLL
LG'SHE
8/'12L
08'zcl
vovel
L2'9ct
0LLel
/8/2l
oL'sct
ol'sct
6€'8¢2|
6LLEL
LE°8€E1
€59'8€1
LL°8EL
G8'8¢E|
c6'8¢El
Ly'09L
L2l
cve9l
87291
629}
YL yol

TES\TTTsSESSeE—— W

H3CO,

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

¥8Y'G6—
NS.mme
veL v6-

2L v6- N

0LL'E8~~_
0S6'¢8——

HsCO

i,

g

& /S50

O

\
\N\

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S74



0 ppm

8G€lL—

P T =<¥s0¢e Y0'2E—
£evE—

e Ly
o e ir—

86'C9—

e =686¢

=000'€ 899/

]

10 ppm

20

30

50 40

60

70

—8I0T oo”hnw
Ur’@.ﬂwﬂ ee’LL
L« Sierr
¥ V% 1260}
\OEL'L 08'601
zzell
622H
2L
vLGLL
8121

0622}
SLvEl /
62°921 /
shuzi X
S9'/21
B.mmr\
vS'62)
- €5°SEl
r £0'6E}
—£e8't 0L'6EL
€19 LLBEL
€288}

ov'8El

oo 9029}
— 8291

= =Z%60 2r2ol
€L291
2L b9l

NN

|

i

)
Q
Q

)
[T
o

90 80

100
S75

110

120

180 170 160 150 140 130

190




899°G6~
omw.mmuV
10676~

m%em-\

€0L V8~
€v6'€8——

i

)
Q
Q

2
L
[}

1

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

i}
m\
N\

Cl

v

0 ppm

' —000€E
=2£0¢
/%901
=650+
=N
\GEO'T

. —
™~ yioz

286y

—_—

€00’}

S76



c9eL—

18'9¢—
leee—
LEVE—

o€y
mm.nvv

89'9L

002,

ceLL
€2'601
G601
6LCLL
Secht
89'ViLL
S6'GHE
86'Icl
c6ect
S6'vel
ccoct
2e8'8et
16821
ocect
ge6ct
8v'6ct
8G°LEL
yOveEL
vL'SEL
L 7AVAS
¥8°LEL
L6°LEL
€v'8El
6029l
Lyeolt
ov'e9l
127291
SSY9L

=S\

10 ppm

20

30

40

50

60

70

90 80

100

110

120

160 150 140 130

CF,CO,Et
170

et
180

Cl
190

G19'96~
G09'96— V.
298'G6~
268'G6~ N

$09'G68—~_
ce8'vy8——

Cl

ppm

-100 -110 -120 -130

-90
S77

-60 -70 -80

CF,CO,Et

-50




0000—

L6}
vict
cee’t

N\

6€0'€
L0EE
S06°€
816'€
LE6°E
Sv6'e
£€96'€
186°€
20y
8E0V
LS0Y
290y
.0y
€80'Y
SEL'Y
(744

6lcL
ore'L
g9,
L62'L
yie'L
€eeL
99€°L
¥8€'L
o' L——
(A A
c6y’L
60S°L
LIS,
125,
1967,
18972
LEE'8
0s€e8

" T\ ——

NC,

i,

Q /

Q z

W O
/\N\

Jud

0 ppm

=EEeL'E

™ Sp.2
=000°€
—/6ct’t

~ =0S6'+

\8€0'}

LG6E
190°€

—£160

L' ET—

88°92—
€ETTE~—
esvE—

06°LTT

NC

ol 1

i,
Q /
Q -4
N o)
o
\
\N\

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

190

S78



996°L6~
966°,6~ V
Gee'L6—
9le’L6~ “.

906°L8~ ~_
991°/8=—

NC,

i,
Q /
Q z
o O
)
\_~

0

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

L0
680°L
90471
oLt
a8l
0021
v.0C
80€¢C

k=

3
o~

6962

3

S0e'e
16G°€
609
L19°¢

100y
S0y

]
S
<

S0y
VA4 4
€8Ly
A4

2y
XN
wn <

196G
9i¥'9

83383
NSO N
© 60O OC

1089

&
&
©

88839
SN2 e

0/8'9

833
3.03 Oy
©©©

3
]
©

6.5 6.0 ppm

7.0

0 ppm

-

—¥.GC
B\414Y

S0

916°}

S79



ise
955l
1Zie—
98'92—_
8262 —
02—
SeYE—

1Ly
LeLy v.

0829
N

899/
002,
eeLL
1020t

6L10}
2260}
860}
612t
L2zeht
89viL
8G°GLHI
28911
612tk
18cch
ovel
9cvel
vovel
9c'9ct
1§21
69°/2}
2ev'8et
69821
€062t
61°0€k
LE'SEL
WlEL
228el
£€'8E1
LE°8E1
oL'6el
8L'6El
PerA
9oL
9C' iyl
S90St
00294
Le29L
€291
89294
€L V9l
G8'891

TSSO A=

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

66910}~
989’ 67/
L7001\

156'66—
G0z'66-—>
2v5'56-
pOEGE- -\
018'96-
€8/'76-
S9Y'v6-
182 6~
999 P8~ ~_
G88'€8-—

Y JJ‘J

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

S80



0000

9017}
vel't
242
LS}

€€0°€
LEEE
[£4°2
0v9'e
6v9'€
199°€
G9.'€
€8L°€
2c6L'e
08¢
Sv0'v
LS50y
280y
G60'v
8LL'Y
siey

voL'L
cch’L
¥02'L
vee'L
€9¢°L
€L2°L
¥82'L
182,
L0EL
S0€E°L
ace’ L
ove'L
6GE°L
LSV'L
9Lv'L
8€E'8
8G€E'8

)

7

STUSSAe— TSNV

Lo

0 ppm

=§80°¢

806'¢

8 €T —
€S°6T—

G6°TE—
Sg e

L8°9%
€6°9%

88°29—

89°9L
00°LL
ceE LL
LT 60T
9L760T
9T SLT
9Z"2TT
99 %11
6G°GTT
26°1CT
80°€CT
oL vt
LL"STT
€E 92T
62°6CT
€6°62CT
857621
287621
90°0€T
96°0¢tT
09°2€1
€9°CZET
ST TET
L9 LET
EL™LET
CZT BET
C9°8ET
69°8ET
LL"BET
€0°291
AN ARY
8€°291
69°291
FS P91

v

—\k——

i

)
Q
Q

)
L
o

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

S81



= or6¢C

F oz
) i =000
3 S 768°€ —
St 56~ B o — %02
YLL'G6- £10p—> F& L]
89676~ Q| 980 =090+
6v86-—1 i
b2y v6- - £hky
SLY'v6 -8 8Ly

T

-80
0
8
©o

SEY'9
196°G8~ ~_ § Mw.ww
10268~ 0159

f

£90°€

T
-70
3
2100
©

8

99¢'y

T
-60

T T T
-110 -120 -130 ppm
BIonaoze  8:8 g
T T
2 0 ppm

060

CF,CO,Et
N

OCH,

S82



ySe€L—

i,
m\
\
\N\

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

181'G6—
wt.mm|V
vy 6~
93&?\

GEL'G8—
Pr9v8-
L6E¥8~
68'€8—

N
7

OCH;

i
g
AN
(@]

\

.lL.L

-100

T T T T T T
-80 -85 -90 -95 -105 -110

-75

T

-70

-135 ppm

-120 -125 -130

-115

-65

S83



€200—

92}t
S:.FW
294t

025"t —

69€C
S90°€
€€
y2c9'e
croe
099°€
899'¢
989'€
Y0L'€
€LL€
_.mn.m/
608°€
L18°€
GEB'E
8v0'Y
290y
S80°%
860'Y
8Ly
leey

Sv6'9
90}
T

oze'L
ovmx/
v82'L

1os 2

6LE°L
eve’L
6S€°L
c9e’L
0Le°L
/G€'8
9/€'8

el —
SPEL—
e e—
88'92 —
S6'HE~_

Lleve
acve 7

£€8°9Y
68°9Y >

829 —
89'9/
00°2L
ceLL
G160}
2860}
ccch
ceChE
28437
l24°11
98'Ict
90°€ct
L9veL
ge9ct
ov'9ct
JANCTA
og'ect
9g'62L
09'6ct
e Lel
PELEL
9Geel
09cel

170

10 ppm

20

30

150 140 130 120 110 100 90 80 70 60 50 40

160

180

190

S84



£10°66~

mwhvmuV
LISY6=—7
wmmemu\

€99'G8—~_
€06'¥8——

.

ppm

-60 -70 -80 -90 -100 -110 -120 -130

-50

0000—

U

J
:

0 ppm

=090°¢

—/000°€

4
[ (oo}
~l©
[=] (=]
LoVl £ o

N~ —890°L
—/080°€
=

VAN

=€86°0

S85



29"

1€

9z’

6L"

L8"

Lo

89"
00°

(43
gEe”
€L
1
£
29°
86"
L6™
4
€6°
eT”
[
96°
L1’
6T°
Le:
6%°
6G°
99°
89°
vL”
9€"
44
09°
69°
Ly
L’
€0°
60°
0v*
86~

ST—

T€—
pE—

9%

€9 —

9L
Ll
“LL
60T
60T
A8
[ANS
PIT
STT
1T
2zt
et
XAl
Lzt
621
0€T
0€T
0€T
0€T
T€T
€T
T€T
€T
(4
ZET
9ET
LET
8€1
I9T
291
291
291
o1

\V

—_—\——

10 ppm

20

30

40

60

70

90 80

100

110

120

170 160 150 140 130

180

2le'96-
66196~ V
Lyy'G6~
9EY'G6~ N

88€° 18~ ~_
¥29°08——

ppm

-100 -110 -120 -130

-90
S86

-80

-70

-60

-50




0000—

A
€T’} W
0sz'}

S6LC—

600€—
6S6'€
9/6'€
L00'¥
8l0Y
6ELY
80c'y s
leey
gecy
6ecy
€vey
Ssey

€519
€L19
vv9'9
2999
1899
2699
8029
1189~
968'9—"
050°Z
290,
£€80°L
180°L
S0L'L
£21L
29e’L

CF,CO,Et
Ph

7b

_Jwbuuw

0.0 ppm

0.5

20 15

25

45 40 35

5.0

80 75 70 65 60 55

8.5

G662

[94%3

00}
= 9.6}
—~gc0¢

— 0260

G28'e
—6e0’t
cr8’e

9T €T
»ﬁ.vﬁ//
mw.mm)/r

68°6C
A 4%
26 b€
GL°6S
60°09
92709
I1°19
87" 19
G529
86°29
00°€9
LEFL
€9° %L
88 WL
€G°GL
6L°GL
S0°9L
89°9L
oo.hh)/(
ZETLL
62766
06°90T
L6°90T
TV LOT
07°80T
L7°80T
LV 0TT
Nh.Hﬁﬁ)//
LL°TTT
1248 29"
62°%T1
SL°9TT
08°9TT
0S°LTT
8L°8TT
Sy 1ct
89° 12T
TI"LCT
9€°LTT
€%°82T
09°82T
<8621
L8621
G8°TIET
T2 T%T
CLTERT
LLTERE
TI9IST
08° 191
807291
TP°291
ELTTLT

CF,CO,Et
Ph

~z

7b

100 90 80 70 60

110

180 170 160 150 140

190

S87



8vee0l——
98620}~ —

88586~ —
928'L6——

ppm

-115

-110

-105

-100

-95

-90

-85

S88



