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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 CDCl3 at 400 MHz (1H NMR), 100 MHz (
13

C 

NMR), 376 MHz (
19

F NMR). Data collections for crystal structure were performed at 

room temperature (293 K) using MoKα radiation on a Bruker APEXII diffractometer. 

High-resolution massspectral analysis (HRMS) data were measured on a Bruker Apex 

II. 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 Cs2CO3(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 Cs2CO3(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
a
 

 

entry cat. (mol %) ligand base (equiv) solvent yield
b 
(%) 

1 CuCl2 (10) L1 K2CO3  (2.0) MeCN 27 

2 CuCl2 (10) L1 Na2CO3 (2.0) MeCN trace 

3 CuCl2 (10) L1 Cs2CO3 (2.0) MeCN 42 

4 CuCl2 (10) L1 CSOAc (2.0) MeCN 33 

5 CuCl2 (10) L1 CsF (2.0) MeCN trace 

6 CuCl2 (10) L1 KHCO3 (2.0) MeCN trace 
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a
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. 
b
Isolated yield. 

c
ICF2CO2Et (0.5 mmol), 

d
ICF2CO2Et (0.6 mmol), 

e
Without copper catalyst. 

f
Without base. 

 

 

 

 

 

 

 

 

 

 

 

7 CuCl2 (10) L1 KOH (2.0) MeCN trace 

8 CuCl2 (10) L1 t-BuONa (2.0) MeCN 0 

9 CuCl2 (10) L1 K3PO4 (2.0) MeCN trace 

10 CuCl2 (10) L2 Cs2CO3 (2.0) MeCN 37 

11 CuCl2 (10) L3 Cs2CO3 (2.0) MeCN 12 

12 CuCl2 (10) L4 Cs2CO3 (2.0) MeCN 30 

13 CuCl2 (10) L5 Cs2CO3 (2.0) MeCN 11 

14 CuCl2 (10) DBU Cs2CO3 (2.0) MeCN 7 

15 CuCl2 (10) NEt3 Cs2CO3 (2.0) MeCN trace 

16 CuCl2 (10) L1 Cs2CO3 (2.0) THF 27 

17 CuCl2 (10) L1 Cs2CO3 (2.0) acetone 38 

18 CuCl2 (10) L1 Cs2CO3 (2.0) DMF trace 

19 CuCl2 (10) L1 Cs2CO3 (2.0) toluene trace 

20 CuCl2 (10) L1 Cs2CO3 (2.0) NMP 8 

21 CuCl2 (10) L1 Cs2CO3 (2.0) CH3NO2 trace 

22 CuCl2 (10) L1 Cs2CO3 (2.0) DCE 51 

23 CuBr (10)  L1 Cs2CO3 (2.0) DCE 56 

24 CuI (10) L1 Cs2CO3 (2.0) DCE 50 

25 CuBr2 (10) L1 Cs2CO3 (2.0) DCE 47 

26 Cu(OTf)2 (10) L1 Cs2CO3 (2.0) DCE 33 

27 Cu(PPh3)3Br (10) L1 Cs2CO3 (2.0) DCE 27 

28 CuCl (10) L1 Cs2CO3 (2.0) DCE 58 

29 CuCl (5) L1 Cs2CO3 (2.0) DCE 46 

30 CuCl (20) L1 Cs2CO3 (2.0) DCE 54 

32 CuCl (10) L1 Cs2CO3 (2.5) DCE  62 

33 CuCl (10) L1 Cs2CO3 (3.0) DCE  51 

35
c
 CuCl (10) L1 Cs2CO3 (2.5) DCE 68 

36
d
 CuCl (10) L1 Cs2CO3 (2.5) DCE  61 

37
c,e

 
____ 

L1 Cs2CO3 (2.5) DCE trace 

38
c,f

 CuCl (10) L1 
____

 DCE 0 
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5. Crystallographic data of 2b, 3a and 4f 
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6. Characterization data of 2a-2t 

 

ethyl 

2-(2,6-dimethyl-1-oxo-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 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, 

CDCl3) δ 164.7, 162.4 (dd, J = 32.0 Hz, J = 37.0 Hz), 139.6, 139.1 (t, J = 8.0 Hz), 

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; 
19

F NMR (376 MHz, CDCl3) δ -84.01 (d, J = 285.8 Hz, 

1F), -95.18 (d, J = 285.8 Hz, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O3 [M+H]
+
: 

439.1828, found: 439.1834. 

 

   
ethyl 

2-(2,6-dimethyl-1-oxo-5-phenyl-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-diflu

oroacetate (2b): 54.2 mg, 64% yield, white solid. Mp = 172-174 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 

MHz, CDCl3) δ -84.26 (d, J = 286.1 Hz, 1F), -95.16 (d, J = 286.5 Hz, 1F). HRMS 

(ESI) m/z calcd for C24H22F2N2O3 [M+H]
+
: 425.1671, found: 425.1674. 
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ethyl 

2,2-difluoro-2-(5-(4-methoxyphenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4

,3-b]indol-4-yl)acetate (2c): 59.0 mg, 65% yield, white solid. Mp = 158-160 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR 

(100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -83.30 (d, J = 

286.1 Hz, 1F), -95.07 (d, J = 285.8 Hz, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O4 

[M+H]
+
: 455.1777, found: 455.1780. 

 

 

methyl 

4-(4-(2-ethoxy-1,1-difluoro-2-oxoethyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepin

o[4,3-b]indol-5-yl)benzoate (2d): 50.0 mg, 52% yield, white solid. Mp = 166-168 
o
C. 

1
H NMR (400 MHz, CDCl3) δ 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); 
13

C 

NMR (100 MHz, CDCl3) δ 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, 47.5 (d, J = 5.0 Hz), 34.4, 32.2, 26.9, 13.6; 
19

F NMR (376 MHz, CDCl3) δ 

-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 C26H24F2N2O5 [M+H]
+
: 483.1726, found: 483.1725. 
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ethyl 

2-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indol-

4-yl)-2,2-difluoroacetate (2e): 46.8 mg, 47% yield, white solid. Mp = 180-182 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F 

NMR (376 MHz, CDCl3) δ -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 C30H26F2N2O3 [M+H]
+
: 501.1984, found: 

501.1982. 

  

 
ethyl 

2-(5-(4-chlorophenyl)-2,6-dimethyl-1-oxo-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 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 C24H21ClF2N2O3 [M+H]
+
: 

459.1282, found: 459.1286. 
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ethyl 

2-(5-(4-cyanophenyl)-2,6-dimethyl-1-oxo-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 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) 

δ 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; 
19

F NMR (376 MHz, CDCl3) δ -87.53 (d, J = 278.2 Hz, 1F), -97.59 (d, J = 

278.6 Hz, 1F). HRMS (ESI) m/z calcd for C25H21F2N3O3 [M+H]
+
: 450.1624, found: 

450.1625. 

 

 

ethyl 

2-(5-(4-acetylphenyl)-2,6-dimethyl-1-oxo-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 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C 

NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) 

δ -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 C26H24F2N2O4 [M+H]
+
: 467.1777, found: 467.1782. 
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ethyl 

2-(2,6-dimethyl-1-oxo-5-(o-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-difl

uoroacetate (2i): 54.0 mg, 62% yield, white solid. Mp = 162-164 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -85.54 (d, J = 286.1 Hz, 1F), -94.38- 

-95.15 (m, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O3 [M+H]
+
: 439.1828, found: 

439.1831. 

 

 
ethyl 

2,2-difluoro-2-(5-(2-methoxyphenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4

,3-b]indol-4-yl)acetate (2j): 54.7 mg, 60% yield, white solid. Mp = 184-186 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) 

δ -85.22- -102.78 (m, 2F). HRMS (ESI) m/z calcd for C25H24F2N2O4 [M+H]
+
: 

455.1777, found: 455.1775. 
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ethyl 

2-(5-(2-chlorophenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl

)-2,2-difluoroacetate (2k): 53.3 mg, 58% yield, white solid. Mp = 170-172 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR 

(376 MHz, CDCl3) δ -85.49- -103.31 (m, 2F). HRMS (ESI) m/z calcd for 

C24H21ClF2N2O3 [M+H]
+
: 459.1282, found: 459.1288. 

 

 
ethyl 

2-(5-(2-bromophenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl

)-2,2-difluoroacetate (2l): 52.2 mg, 52% yield, white solid. Mp = 148-150 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -85.69- -102.65 (m, 2F). HRMS (ESI) 

m/z calcd for C24H21BrF2N2O3 [M+H]
+
: 503.0776, found: 503.0780. 
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ethyl 

2-(2,6-dimethyl-1-oxo-5-(m-tolyl)-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl)-2,2-dif

luoroacetate (2l): 35.2 mg, 40% yield, white solid. Mp = 154-156 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR 

(376 MHz, CDCl3) δ -84.20 (d, J = 286.5 Hz, 1F), -94.15- 95.54 (m, 1F). HRMS (ESI) 

m/z calcd for C25H24F2N2O3 [M+H]
+
: 439.1828, found: 439.1829. 

 

 

ethyl 

2,2-difluoro-2-(5-(3-methoxyphenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4

,3-b]indol-4-yl)acetate (2l): 28.1 mg, 31% yield, white solid. Mp = 162-164 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 

MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -83.82- 

-85.13 (m, 1F), -94.74 (dd, J = 3.8 Hz, J = 286.9 Hz, 1F). HRMS (ESI) m/z calcd for 

C25H24F2N2O4 [M+H]
+
: 455.1777, found: 455.1779. 

 

 

ethyl 

2-(5-(3-chlorophenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl

)-2,2-difluoroacetate (2o): 32.0 mg, 35% yield, white solid. Mp = 110-112 
o
C. 

1
H 
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NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -84.61- -86.67 

(m, 1F), -95.89- -96.66 (m, 1F). HRMS (ESI) m/z calcd for C24H21ClF2N2O3 [M+H]
+
: 

459.1282, found: 459.1286. 

 

 

ethyl 

2-(5-(2,4-dimethylphenyl)-2,6-dimethyl-1-oxo-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 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -85.27 (d, 

J = 285.8 Hz, 1F), -94.25- -95.01 (m, 1F). HRMS (ESI) m/z calcd for C26H26F2N2O3 

[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 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 C22H20F2N2O3S 

[M+H]
+
: 431.1235, found: 431.1234. 

 

 

ethyl 

2-(2,6-dimethyl-5-(naphthalen-1-yl)-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indol-4-yl

)-2,2-difluoroacetate (2r): 39.9 mg, 42% yield, white solid. Mp = 206-208 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 

C28H24F2N2O3 [M+H]
+
: 475.1828, found: 475.1286. 

 

 

ethyl 

2-(8-chloro-2,6-dimethyl-1-oxo-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 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR 

(376 MHz, CDCl3) δ -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 C24H21ClF2N2O3 [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 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F 

NMR (376 MHz, CDCl3) δ -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 C25H24F2N2O3 [M+H]
+
: 439.1828, found: 

439.1830. 

 

7. Characterization data of 3 and 4 

 

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 
o
C. 

1
H NMR (400 MHz, 

CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 C29H28F4N2O5 [M+H]
+
: 561.2007, found:561.2010. 

 

 

diethyl 

2,2'-(2,6-dimethyl-1-oxo-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 
o
C. 

1
H NMR (400 MHz, 

CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ 

-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 C28H26F4N2O5 [M+H]
+
: 

547.1851, found: 547.1849. 

 

 

diethyl 

2,2'-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]ind

ole-4,10-diyl)bis(2,2-difluoroacetate) (3e): white solid. Mp = 206-208 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, 

CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 (ESI) m/z calcd for C34H30F4N2O5 [M+H]
+
: 623.2164, found: 

623.2162. 

 

 
diethyl 

2,2'-(5-(4-chlorophenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indole-4

,10-diyl)bis(2,2-difluoroacetate) (3f): white solid. Mp = 138-140 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, 

CDCl3) δ -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 

C28H25ClF4N2O5 [M+H]
+
: 581.1461, found:581.1460. 

 

 

diethyl 

2,2'-(5-(3,4-dimethylphenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]ind

ole-4,10-diyl)bis(2,2-difluoroacetate) (3p): white solid. Mp = 184-186 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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), 
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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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 C30H30F4N2O5 [M+H]
+
: 575.2164, found: 575.2163. 

 

 

diethyl 

2,2'-(2,6-dimethyl-1-oxo-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 
o
C. 

1
H NMR (400 MHz, 

CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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); 
19

F NMR (376 MHz, CDCl3) δ 

-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 C29H28F4N2O5 [M+H]
+
: 561.2007, 

found:561.2010. 

 

 

diethyl 

2,2'-(2,6-dimethyl-1-oxo-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 
o
C. 

1
H NMR (400 MHz, 

CDCl3) δ 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); 
13

C 

NMR (100 MHz, CDCl3) δ 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); 
19

F NMR 

(376 MHz, CDCl3) δ -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 C28H26F4N2O5 [M+H]
+
: 

547.1851, found: 547.1850. 

 

 

diethyl 

2,2'-(5-([1,1'-biphenyl]-4-yl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]ind

ole-4,8-diyl)bis(2,2-difluoroacetate) (4e): white solid. Mp = 168-170 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 164.4(164.1), 164.2 (d, J = 34.0 

Hz), 162.4-161.6 (m), 142.4, 142.2, 141.5, 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); 
19

F NMR (376 

MHz, CDCl3) δ -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 C34H30F4N2O5 [M+H]
+
: 

623.2164, found: 623.2163. 

 

 

diethyl 

2,2'-(5-(4-chlorophenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]indole-4

,8-diyl)bis(2,2-difluoroacetate) (4f): white solid. Mp = 158-160 
o
C. 

1
H NMR (400 
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MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, 

CDCl3) δ 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); 
19

F NMR (376 MHz, CDCl3) δ -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 

C28H25ClF4N2O5 [M+H]
+
: 581.1461, found:581.1460. 

 

 

diethyl 

2,2'-(5-(3,4-dimethylphenyl)-2,6-dimethyl-1-oxo-1,2,3,6-tetrahydroazepino[4,3-b]ind

ole-4,8-diyl)bis(2,2-difluoroacetate) (4p): white solid. Mp = 184-186 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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); 
13

C 

NMR (100 MHz, CDCl3) δ 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); 
19

F NMR (376 MHz, CDCl3) δ -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 C30H30F4N2O5 [M+H]
+
: 575.2164, found: 575.2162. 
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8. Characterization data of 6a-6i and 7b 

 

ethyl 

2,2-difluoro-2-(5-(4-methoxyphenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepin

o[3,4-b]indol-4-yl)acetate (6a): 56.4 mg, 62% yield, white solid. Mp = 290-292 
o
C. 

1
H NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, 

CDCl3) δ -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 C25H24F2N2O4 [M+H]
+
: 455.1777, found: 455.1773. 

 

 

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 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, 

CDCl3) δ -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 C24H22F2N2O3 [M+H]
+
: 425.1671, found: 425.1676. 
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ethyl 

2-(5-(4-chlorophenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-

yl)-2,2-difluoroacetate (6c): 37.6 mg, 41% yield, white solid. Mp = 184-186 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, 

CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 

C24H21ClF2N2O3 [M+H]
+
: 459.1282, found: 459.1284. 

 

 

ethyl 

2-(5-(4-cyanophenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepino[3,4-b]indol-4-

yl)-2,2-difluoroacetate (6d) 33.3 mg, 37% yield, white solid. Mp = 198-200 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -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 C25H21F2N2O3 [M+H]
+
: 

450.1624, found: 450.1625. 
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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% yield, white solid. Mp = 134-136 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -84.27(d, J 

= 286.1 Hz, 1F), -94.28- -101.70 (m, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O3 

[M+H]
+
: 439.1828, found: 439.1834. 

 

 

ethyl 

2-(2,10-dimethyl-1-oxo-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 
o
C. 

1
H NMR 

(400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -85.58(d, J = 285.8 Hz, 1F), -94.42- 

-95.19 (m, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O3 [M+H]
+
: 439.1828, found: 

439.1827. 
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ethyl 

2,2-difluoro-2-(5-(3-methoxyphenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepin

o[3,4-b]indol-4-yl)acetate (6g): 40.8 mg, 45% yield, white solid. Mp = 188-190 
o
C. 

1
H NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -83.89- -85.14 

(m, 1F), -94.42- -95.19 (m, 1F). HRMS (ESI) m/z calcd for C25H24F2N2O4 [M+H]
+
: 

455.1777, found: 455.1776. 

 

 

ethyl 

2-(5-(2,4-dimethylphenyl)-2,10-dimethyl-1-oxo-1,2,3,10-tetrahydroazepino[3,4-b]ind

ol-4-yl)-2,2-difluoroacetate (6h): 45.3 mg, 50% yield, white solid. Mp = 160-162 
o
C. 

1
H NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -85.28 (d, J = 

285.8 Hz, 1F), -94.26- -95.02 (m, 1F). HRMS (ESI) m/z calcd for C26H26F2N2O3 

[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

l)-2,2-difluoroacetate (6i): 26.8 mg, 31% yield, white solid. Mp = 128-130 
o
C. 

1
H 

NMR (400 MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, CDCl3) δ 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; 
19

F NMR (376 MHz, CDCl3) δ -81.01 (d, J = 287.3 Hz, 1F), -95.44- -96.21 (m, 

1F). HRMS (ESI) m/z calcd for C22H20F2N2O3S [M+H]
+
: 431.1235, found: 431.1236. 

 

 

(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 
o
C. 

1
H NMR (400 

MHz, CDCl3) δ 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); 
13

C NMR (100 MHz, 

CDCl3) δ 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); 
19

F NMR 

(376 MHz, CDCl3) δ -98.21 (d, J = 286.5 Hz, 1F), -102.97 (d, J = 286.5 Hz, 1F). 

HRMS (ESI) m/z calcd for C24H23F2N2O3I [M+H]
+
: 553.0794, found: 553.0791. 
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9. 
1
H NMR, 

13
C NMR and 

19
F NMR spectra of 2a-2t 
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10. 
1
H NMR, 

13
C NMR and 

19
F NMR spectra of 3 and 4
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11. The ratio of 3 and 4 was determined by crude 
1
H NMR spectra  
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12. 
1
H NMR, 

13
C NMR and 

19
F NMR spectra of 6a-6i and 7b 
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