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1. General Information 

Reagents and Solvents: PE refers to petroleum ether b.p. 60−90 °C and EA refers to 

ethyl acetate. All other starting materials and solvents were commercially available 

and were used without further purification unless otherwise stated.  

Chromatography: Flash column chromatography was carried out using 

commercially available 200−300 mesh under pressure unless otherwise indicated. 

Gradient flash chromatography was conducted eluting with PE/EA, they are listed as 

volume/volume ratios. 

Data collection: 
1
H NMR, 

13
C NMR and 

19
F NMR spectra were collected on 

BRUKER AV-300 (300 MHz) spectrometer using CDCl3 as solvent. Chemical shifts 

of 
1
H NMR were recorded in parts per million (ppm, δ) relative to tetramethylsilane 

(δ = 0.00 ppm) with the solvent resonance as an internal standard (CDCl3: δ = 7.26 

ppm). Data are reported as follows: chemical shift in ppm (δ), multiplicity (s = singlet, 

d = doublet, t = triplet, q = quartet, brs = broad singlet, m = multiplet), coupling 

constant (Hz), and integration. Chemical shifts of 
13

C NMR were reported in ppm 

with the solvent as the internal standard (CDCl3: δ = 77.16 ppm). High Resolution 

Mass measurement was performed on Agilent Q-TOF 6520 mass spectrometer with 

electron spray ionization (ESI) as the ion source. Melting point (m.p.) was measured 

on a microscopic melting point apparatus.  

2. Preparation of Starting Materials  

Table S1. Substituted gem-difluorinated cyclopropanes 
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2.1 General Procedure for the Synthesis of gem-Difluorinated 

Cyclopropanes  

S1-S20 were synthesized according to the reported procedures,
1-5

 characterization of 

unreported gem-difluorinated cyclopropanes S4, S8, S12, S13 are listed below. 

Substituted gem-difluorinated cyclopropanes were prepared according to the reported 

literature
2
 as the following procedures:

 

 

To a 250 mL pressure tube charged with a tefloncoated stir bar was added 

anhydrous NaI (0.3 g, 2.0 mmol, 0.2 equiv), 50.0 mL of freshly distilled THF as 

solvent, and the corresponding alkene (10.0 mmol, 1.0 equiv) in that order under 

argon atmosphere. To this mixture was added TMSCF3 (3.6 g, 25.0 mmol, 2.5 equiv). 

The reaction vessel was sealed and reflux in an oil bath for a period of 4 h. The 

reaction mixture was evaporated to dryness under reduced pressure to remove THF. 

The crude was extracted with ether (30.0 mL) and washed with water (20.0 mL), 

saturated Na2SO3 solution (20.0 mL), saturated NaHCO3 solution (20.0 mL), and 

water (20.0 mL), in that order. The ether layer was then collected and dried over 

anhydrous Na2SO4. The ether layer was evaporated under reduced pressure to obtain 

the crude products. The crude products were purified by flash chromatography on 

silica gel (PE/EA) to afford the desired products. 

2.2 Characterization of the Substrates 

1-(2,2-difluorocyclopropyl)-4-phenoxybenzene (S4) 

 

2.09 g, 85% yield, colorless oil, Rf = 0.3 (PE = 100%), 
1
H NMR (300 MHz, CDCl3) δ 

7.36 – 7.29 (m, 2H), 7.20 – 7.15 (m, 2H), 7.12 – 7.07 (m, 1H), 7.02 – 6.93 (m, 4H), 

2.77 – 2.66 (m, 1H), 1.85 – 1.73 (m, 1H), 1.62 – 1.51(m, 1H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 157.1, 156.5, 129.9, 129.5, 128.4, 123.4, 119.0, 118.9, 112.6 (dd, J = 

286.8, 283.9 Hz), 26.6 (t, J = 11.5 Hz), 17.1 (t, J = 10.5 Hz) ppm; 
19

F NMR (282 

MHz, CDCl3) δ -126.02 (d, J = 153.8 Hz), -142.23 (d, J = 153.8 Hz) ppm; HRMS 

(ESI) m/z Calcd for [C15H13F2O + H]
+
 247.0929, found 247.0919. 
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1-(2,2-difluorocyclopropyl)-3-methoxybenzene (S8) 

 

1.66 g, 90% yield, colorless oil, Rf = 0.3 (PE = 100%), 
1
H NMR (300 MHz, CDCl3) δ 

7.25 – 7.20 (m, 1H), 6.82 – 6.75 (m, 3H), 3.78 (s, 3H), 2.76 – 2.65 (m, 1H), 1.84 – 

1.72 (m, 1H), 1.65 – 1.54 (m, 1H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 159.7, 135.2, 

129.5, 120.4 (t, J = 1.6 Hz), 114.0 (t, J = 1.7 Hz), 112.6 (dd, J = 286.7, 284.2 Hz), 

112.5, 55.2, 27.2 (t, J = 11.4 Hz), 17.0 (t, J = 10.5 Hz) ppm; 
19

F NMR (282 MHz, 

CDCl3) δ -125.67 (d, J = 153.7 Hz), -142.16 (d, J = 153.4 Hz) ppm; HRMS (ESI) m/z 

Calcd for [C10H11F2O + H]
+
 185.0772, found 185.0768. 

 

4-(2,2-difluorocyclopropyl)-N,N-diphenylaniline (S12) 

 

2.41 g, 75% yield, white solid, Rf = 0.75 (PE/EA = 9:1), m.p. 65 – 66 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.27 – 7.20 (m, 4H), 7.10 – 7.05 (m, 6H), 7.05 – 7.02 (m, 2H), 

7.02 – 6.97 (m, 2H), 2.74 – 2.63 (m, 1H), 1.84-1.72 (m, 1H), 1.62 – 1.49 (m, 1H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 147.7, 146.9, 129.3, 128.9 (t, J = 1.6 Hz), 127.6, 124.3, 

123.8, 122.9, 112.8 (dd, J = 287.0, 284.0 Hz), 26.8 (t, J = 11.5 Hz), 17.1 (t, J = 10.5 

Hz) ppm; 
19

F NMR (282 MHz, CDCl3) δ -125.83 (d, J = 153.6 Hz), -142.26 (d, J = 

153.5 Hz) ppm; HRMS (ESI) m/z Calcd for [C21H18F2N + H]
+
 322.1402, found 

322.1402. 

 

methyl 4-(2,2-difluorocyclopropyl)benzoate (S13) 

 

1.70 g, 80% yield, colorless oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 8.02 – 7.98 (m, 2H), 7.30 – 7.26 (m, 2H), 3.91 (s, 3H), 2.84 – 2.73 (m, 1H), 1.95 – 

1.83 (m, 1H), 1.74 – 1.63 (m, 1H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 166.8, 139.0, 

129.7, 129.0, 127.9 (t, J = 1.7 Hz), 112.3 (dd, J = 287.6, 284.1 Hz), 52.1, 27.3 (t, J = 

11.5 Hz), 17.5 (t, J = 10.5 Hz) ppm; 
19

F NMR (282 MHz, CDCl3) δ -125.54 (d, J = 

154.4 Hz), -142.18 (d, J = 154.1 Hz) ppm; HRMS (ESI) m/z Calcd for [C11H11F2O2 + 

H]
+
 213.0722, found 213.0723. 
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3. Optimization of Reaction Conditions for the Synthesis of Products 3a 

and 5a 

Table S2. Screening of base, catalysts and ligands
a,b

 

 

entry catalyst ligand base solvent yield 

1 Pd(OTFA)2 XPhos K3PO4 THF 37% 

2 Pd(OTFA)2 XPhos Cs2CO3 THF 51% 

3 Pd(OTFA)2 XPhos KHCO3 THF 15% 

4 Pd(OTFA)2 XPhos LiO
t
Bu THF 86% 

5 Pd(OTFA)2 XPhos NaO
t
Bu THF 74% 

6 Pd(OTFA)2 XPhos KO
t
Bu THF 71% 

7 PdCl2 XPhos LiO
t
Bu THF trace 

8 Pd(OAc)2 XPhos LiO
t
Bu THF 83% 

9 Pd(PPh3)4 XPhos LiO
t
Bu THF 80% 

10 Pd2(dba)3 XPhos LiO
t
Bu THF 85% 

11 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu THF 92% 

12 [η
3
-C3H5PdCl]2 Cy3P LiO

t
Bu THF 46% 

13 [η
3
-C3H5PdCl]2 PPh3 LiO

t
Bu THF <5% 

14 [η
3
-C3H5PdCl]2 SPhos LiO

t
Bu THF 58% 

15 [η
3
-C3H5PdCl]2 XantPhos LiO

t
Bu THF 37% 

16 [η
3
-C3H5PdCl]2 

t
Bu-XPhos LiO

t
Bu THF 15% 

17 [η
3
-C3H5PdCl]2 DavePhos LiO

t
Bu THF 40% 

a
Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), [Pd] (10.0 mol%), ligand (10.0 mol%), base (2.0 

equiv.), solvent (2.0 mL), at 80 C under Ar atmosphere for 18 h, sealed tube. 
b
Isolated yield.  
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Table S3. Screening of solvents and temperature
a,b

 

 

entry catalyst ligand temperature solvent yield 

1 [η
3
-C3H5PdCl]2 XPhos 80 

o
C THF 92% 

2 [η
3
-C3H5PdCl]2 XPhos 80 

o
C mesitylene 90% 

3 [η
3
-C3H5PdCl]2 XPhos 80 

o
C toluene 87% 

4 [η
3
-C3H5PdCl]2 XPhos 80 

o
C CH3CN 33% 

5 [η
3
-C3H5PdCl]2 XPhos 80 

o
C 1,4-dioxane 74% 

6 [η
3
-C3H5PdCl]2 XPhos 60 

o
C THF 67% 

7 [η
3
-C3H5PdCl]2 XPhos 100 

o
C THF 87% 

8 – XPhos 80 
o
C THF n.r. 

9 [η
3
-C3H5PdCl]2 – 80 

o
C THF n.r. 

a
Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), [η

3
-C3H5PdCl]2 (5.0 mol%), XPhos (10.0 mol%), 

LiO
t
Bu (2.0 equiv.), solvent (2.0 mL), under Ar atmosphere for 18 h, sealed tube. 

b
Isolated yield. n.r. = 

no reaction. 

 

Table S4. Screening of catalysts
a,b

 

 

entry catalyst ligand base temperature yield 

1 Pd(OTFA)2 XPhos LiO
t
Bu 80 C 44% 

2 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C 45% 

3 Pd(OAc)2 XPhos LiO
t
Bu 80 C 57% 

4 Pd2(dba)3 XPhos LiO
t
Bu 80 C 43% 

5 PdCl2 XPhos LiO
t
Bu 80 C n.r. 

6 Pd(PP3)4 XPhos LiO
t
Bu 80 C 46% 

7 Pd(XantPhos)Cl2 XPhos LiO
t
Bu 80 C 80% 

8 Pd(dppf)Cl2 XPhos LiO
t
Bu 80 C 40% 

9
c
 Pd(XantPhos)Cl2 XPhos LiO

t
Bu 80 C 55% 

a
Reaction conditions: 1a (0.1 mmol), 5a (0.15 mmol), [Pd] (10.0 mol%), XPhos (10.0 mol%), LiO

t
Bu 

(2.0 equiv.), dry toluene (2.0 mL), at 80 C under Ar atmosphere for 24 h, sealed tube. 
b
Isolated yield. 

c
Pd(XantPhos)Cl2 (5.0 mol%). n.r. = no reaction. 
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Table S5. Screening of ligands, temperature and base
a,b

 

 

 

entry catalyst ligand base temperature yield 

1 Pd(XantPhos)Cl2 PPh3 LiO
t
Bu 80 C 62% 

2 Pd(XantPhos)Cl2 SPhos LiO
t
Bu 80 C 60% 

3 Pd(XantPhos)Cl2 
t
Bu-XPhos LiO

t
Bu 80 C 10% 

4 Pd(XantPhos)Cl2 DPPF LiO
t
Bu 80 C 51% 

5 Pd(XantPhos)Cl2 DavePhos LiO
t
Bu 80 C 76% 

6 Pd(XantPhos)Cl2 XantPhos LiO
t
Bu 80 C 44% 

7 Pd(XantPhos)Cl2 - LiO
t
Bu 80 C 27% 

8 Pd(XantPhos)Cl2 XPhos LiO
t
Bu 100 C 58% 

9 Pd(XantPhos)Cl2 XPhos LiO
t
Bu 60 C 43% 

10 Pd(XantPhos)Cl2 XPhos Li2CO3 80 C n.r. 

11 Pd(XantPhos)Cl2 XPhos KO
t
Bu 80 C trace 

12 Pd(XantPhos)Cl2 XPhos K2CO3 80 C <5% 

13 Pd(XantPhos)Cl2 XPhos K3PO4 80 C 45% 

14 Pd(XantPhos)Cl2 XPhos Cs2CO3 80 C 43% 
a
Reaction conditions: 1a (0.1 mmol), 5a (0.15 mmol), Pd(XantPhos)Cl2 (10.0 mol%), ligand (10.0 

mol%), base (2.0 equiv.), toluene (2.0 mL), at 80 C under Ar atmosphere for 24 h, sealed tube. 
b
Isolated yield. n.r. = no reaction. 
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4. General Experimental Procedures 

4.1 General Procedure for the Preparation of Compounds 3 

 

A sealed tube was charged with gem-difluorinated cyclopropanes 1 (0.2 mmol, 1.0 

equiv), -naphthols 2 (0.3 mmol, 1.5 equiv), [η
3
-C3H5PdCl]2 (3.7 mg, 0.01 mmol, 5.0 

mol%), XPhos (9.5 mg, 0.02 mmol, 10.0 mol%), LiO
t
Bu (32.0 mg, 0.4 mmol, 2.0 

equiv), and THF (2.0 mL) under argon atmosphere. The reaction mixture was 

vigorously stirred at 80 C (oil temperature) for 18 h. After cooling to room 

temperature, the reaction mixture was diluted with EA (10.0 mL) and filtered through 

a plug of celite. The filtrate was concentrated in vacuo to give dark residue, which 

was purified by flash chromatography on silica gel with PE/EA (v/v = 200:1 to 100:1) 

to afford dearomative products 3.  

 

 

4.2 General Procedure for the Preparation of Compounds 5  

 

A sealed tube was charged with gem-difluorinated cyclopropanes 1 (0.2 mmol, 1.0 

equiv), indoles 4 (0.3 mmol, 1.5 equiv), Pd(XantPhos)Cl2 (15.1 mg, 0.02 mmol, 10.0 

mol%), XPhos (9.5 mg, 0.02 mmol, 10.0 mol%), LiO
t
Bu (32.0 mg, 0.4 mmol, 2.0 

equiv), and anhydrous toluene (2.0 mL) under argon atmosphere. The reaction 

mixture was vigorously stirred at 80 C (oil temperature) for 24 h. After cooling to 

room temperature, the reaction mixture was diluted with EA (10.0 mL) and filtered 

through a plug of celite. The filtrate was concentrated in vacuo to give dark residue, 

which was purified by flash chromatography on silica gel with PE/EA (v/v = 20:1 to 

5:1) to afford dearomative products 5. 
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4.3 General Procedure for the Preparation of Compounds 6  

 

A sealed tube was charged with 2-(2,2-difluorocyclopropyl)naphthalene 1a (40.8 

mg, 0.2 mmol, 1.0 equiv), tryptophol or tryptamines (0.3 mmol, 1.5 equiv), 

Pd(XantPhos)Cl2 (15.1 mg, 0.02 mmol, 10.0 mol%), XPhos (9.5 mg, 0.02 mmol, 10.0 

mol%), LiO
t
Bu (32.0 mg, 0.4 mmol, 2.0 equiv), Et3B (0.22 mL, 1 mol/L in THF, 1.1 

equiv), and anhydrous toluene (2.0 mL) under argon atmosphere. The reaction 

mixture was vigorously stirred at 80 C (oil temperature) for 24 h. After cooling to 

room temperature, the reaction mixture was diluted with EA (10.0 mL) and filtered 

through a plug of celite. The filtrate was concentrated under reduced pressure and 

purified by flash chromatography on silica gel with PE/EA (v/v = 20:1 to 5:1) to 

afford the desired products 6.
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5. Further Functionalization of the Products 

5.1 Scale-up (5.0 mmol) Experiment of 3a  

 

A sealed tube was charged with 2-(2,2-difluorocyclopropyl)naphthalene 1a (1.02 g, 

5.0 mmol, 1.0 equiv), -naphthol 2a (1.29 g, 7.5 mmol, 1.5 equiv), [η
3
-C3H5PdCl]2 

(91.5 mg, 0.25 mmol, 5.0 mol%), XPhos (238.4 mg, 0.5 mmol, 10.0 mol%), LiO
t
Bu 

(800.5 mg, 10.0 mmol, 2.0 equiv), and mesitylene (50.0 mL) under argon atmosphere. 

The reaction mixture was vigorously stirred at 80 C (oil temperature) for 24 h. After 

cooling to room temperature, the reaction mixture was diluted with EA (30.0 mL) and 

filtered through a plug of celite. The filtrate was concentrated in vacuo to give dark 

residue, which was purified by flash chromatography on silica gel with PE/EA (v/v = 

200:1 to 100:1) to afford the product 3a. 

 

5.2 Synthetic Transformation of 3a to 7
6-8

 

 
To a solution of 3a (71.2 mg, 0.2 mmol) in anhydrous THF (2.0 mL), NaBH4 (9.8 

mg, 0.24 mmol) was added. The reaction mixture was stirred at rt for 6 h. After the 

reaction was completed (monitored by TLC), the solvent was removed under reduced 

pressure. Then dr ratio was determined by 
1
H NMR of the crude reaction mixture. 

Then the residue was purified by silica gel column chromatography with PE/EA (v/v = 

10:1, TLC: Rf = 0.4, PE/EA = 9:1) to afford the desired product 7 as a colorless oil. 

The relative configuration of 7 was confirmed by the NOE spectra. 

 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1,3-dimethyl-1,2-dihydronaphthalen-2-ol 

(7) 

64.5 mg, 90% yield, colorless oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.87 – 7.86 (m, 1H), 7.79 – 7.75 (m, 3H), 7.62 (dd, J = 8.6, 1.7 Hz, 1H), 

7.46 – 7.38 (m, 2H), 7.31 – 7.27 (m, 1H), 7.22 – 7.13 (m, 2H), 7.08 – 7.02 (m, 1H), 
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6.24 (q, J = 1.7 Hz, 1H), 5.61 (d, J = 39.6 Hz, 1H), 4.07 (d, J = 7.5 Hz, 1H), 3.00 – 

2.80 (m, 2H), 2.00 (d, J = 1.7 Hz, 3H), 1.64 (d, J = 7.8 Hz, 1H), 1.34 (d, J = 1.7 Hz, 

3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 159.6 (d, J = 267.6 Hz), 139.7, 138.0, 133.5, 

132.7, 132.3 (d, J = 1.7 Hz), 131.4 (d, J = 2.7 Hz), 128.0, 127.9, 127.6, 127.3 (d, J = 

7.7 Hz), 127.2, 127.0, 126.7 (d, J = 7.6 Hz), 126.7, 126.1, 125.8, 125.1, 123.8, 109.9 

(d, J = 8.6 Hz), 75.6, 43.3 (d, J = 3.9 Hz), 37.5 (d, J = 24.6 Hz), 23.8 (d, J = 1.8 Hz), 

20.9 ppm; 
19

F NMR (282 MHz, CDCl3) δ -92.77 ppm; HRMS (ESI) m/z Calcd for 

[C25H24FO + Na]
+
 381.1625, found 381.1628. 

 

5.3 Synthetic Transformation of 5a to 8
9
 

 

A sealed tube was charged with 5a (65.8 mg, 0.2 mmol), pyridine (64 μL, 0.8 mmol, 

4.0 equiv) and the corresponding chloride (43 μL, 0.6 mmol, 3.0 equiv) were added. 

The reaction mixture was stirred at room temperature until completion (monitored by 

TLC). Then saturated NaHCO3 (10.0 mL) was added, and the mixture was extracted 

with CH2Cl2 (10.0 x 3 mL) and dried with Na2SO4. The mixture was concentrated in 

vacuo. The residue was purified by silica gel column chromatography PE/EA (v/v = 

50:1 to 10:1) to afford the desired product 8. 

 

(Z)-3-(2-fluoro-3-(3-methoxyphenyl)allyl)-2,3-dimethyl-3H-indole (8) 

 

69.5 mg, 94% yield, yellow oil, Rf = 0.6 (PE/EA = 6:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.95 (d, J = 8.1 Hz, 1H), 7.76 – 7.70 (m, 4H), 7.49 (d, J = 8.6 Hz, 1H), 7.44 – 7.37 

(m, 2H), 7.27 – 7.19 (m, 2H), 7.10 (t, J = 7.4 Hz, 1H), 5.38 (d, J = 38.6 Hz, 1H), 5.19 

(d, J = 2.4 Hz, 1H), 4.90 (d, J = 2.3 Hz, 1H), 2.60 (dd, J = 22.7, 3.5 Hz, 2H), 2.43 (s, 

3H), 1.55 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 169.6, 157.5 (d, J = 267.8 Hz), 

154.4, 141.7, 136.2, 133.4, 132.4, 130.8 (d, J = 2.7 Hz), 128.2, 128.1, 128.0, 127.6, 

127.4 (d, J = 7.4 Hz), 126.5 (d, J = 7.6 Hz), 126.2, 126.0, 124.4, 122.6, 116.8, 109.9 

(d, J = 8.4 Hz), 96.9, 47.6 (d, J = 3.6 Hz), 46.8 (d, J = 24.6 Hz), 25.6, 25.1 ppm; 
19

F 

NMR (282 MHz, CDCl3) δ -95.79 ppm; HRMS (ESI) m/z Calcd for [C25H22FNO + 

H]
+
 372.1758, found 372.1762. 
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5.4 Synthetic Transformation of 5a to 9
9
 

 

Concentrated hydrochloric acid (1.5 mL) was added dropwise into 5a (60.2 mg, 0.2 

mmol). The mixture was stirred at room temperature for 30 min. Then excess reagent 

was removed by rotary evaporation under reduced pressure to give the HCl salt. The 

HCl salt was then dissolved in anhydrous ethanol (10.0 mL) followed the addition of 

N-methyl indole-3-carbaldehyde (38.2 mg, 0.24 mmol, 1.2 equiv). The mixture was 

allowed to reflux for 4 h under argon atmosphere. The reaction was monitored by 

TLC until completion. Then the reaction mixture was cooled to room temperature and 

extracted with DCM (20.0 mL). The combined organic layer was washed with water 

and brine, and dried over anhydrous Na2SO4. Solvent was evaporated to obtain a dark 

residue, which was further purified by flash column chromatography using PE/EA 

(v/v = 4:1) as the eluent to give the product 9. 

 

3-((Z)-2-fluoro-3-(naphthalen-2-yl)allyl)-3-methyl-2-((E)-2-(1-methyl-1H-indol-3-yl

)vinyl)-3H-indole (9) 

 

84.6 mg, 90% yield, yellow solid, Rf = 0.5 (PE/EA = 2:1), m.p. 100 – 102 C, 
1
H 

NMR (300 MHz, CDCl3) δ 8.09 (d, J = 16.1 Hz, 1H), 7.99 (d, J = 7.9 Hz, 1H), 7.77 – 

7.70 (m, 4H), 7.61 (d, J = 7.7 Hz, 1H), 7.52 (dd, J = 8.7, 1.7 Hz, 1H), 7.44 – 7.40 (m, 

2H), 7.39 – 7.28 (m, 5H), 7.21 – 7.15 (m, 2H), 7.05 (d, J = 16.1 Hz, 1H), 5.50 (d, J = 

38.7 Hz, 1H), 3.76 (s, 3H), 2.97 (dd, J = 21.5, 14.7 Hz, 1H), 2.77 (dd, J = 22.8, 14.7 

Hz, 1H), 1.61 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 182.6, 157.6 (d, J = 268.0 

Hz), 154.8, 143.4, 138.1, 133.4, 132.4, 132.4, 132.0, 130.8 (d, J = 2.3 Hz), 128.3, 

128.1, 127.9, 127.6, 127.5, 126.7 (d, J = 7.6 Hz), 126.2, 126.1, 126.0, 124.8, 122.9, 

122.3, 121.2, 120.7, 120.1, 114.5, 113.7, 110.1, 109.7 (d, J = 7.9 Hz), 55.5 (d, J = 3.0 

Hz), 41.1 (d, J = 25.1 Hz), 33.1, 22.4 ppm; 
19

F NMR (282 MHz, CDCl3) δ -95.06 

ppm; HRMS (ESI) m/z Calcd for [C33H27FN2 + H]
+
 471.2231, found 471.2226. 
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6. Optimization of Reaction Conditions for the Synthesis of Product 3q 

Table S6. Screening of reaction conditions
a
 

 

entry catalyst ligand base temperature solvent yield
b
 

1 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C THF n.d. 

2 Pd2(dba)3·CHCl3 XPhos LiO
t
Bu 80 C THF n.d. 

3 Pd(OAc)2 XPhos LiO
t
Bu 80 C THF n.d. 

4 Pd(PP3)4 XPhos LiO
t
Bu 80 C THF n.d. 

5 Pd(TFA)2 XPhos LiO
t
Bu 80 C THF n.d. 

6 [η
3
-C3H5PdCl]2 PPh3 LiO

t
Bu 80 C THF n.d. 

7 [η
3
-C3H5PdCl]2 SPhos LiO

t
Bu 80 C THF n.d. 

8 [η
3
-C3H5PdCl]2 XantPhos LiO

t
Bu 80 C THF n.d. 

9 [η
3
-C3H5PdCl]2 

t
Bu-XPhos LiO

t
Bu 80 C THF n.d. 

10 [η
3
-C3H5PdCl]2 DavePhos LiO

t
Bu 80 C THF n.d. 

11 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C mesitylene <5% 

12 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C toluene trace 

13 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C 1,4-dioxane n.d. 

14 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C DCE n.d. 

15 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 80 C CH3CN n.d. 

16 [η
3
-C3H5PdCl]2 XPhos K2CO3 80 C mesitylene 18% 

17 [η
3
-C3H5PdCl]2 XPhos K3PO4 80 C mesitylene 23% 

18 [η
3
-C3H5PdCl]2 XPhos K2HPO4 80 C mesitylene n.d. 

19 [η
3
-C3H5PdCl]2 XPhos Li2CO3 80 C mesitylene n.d. 

20 [η
3
-C3H5PdCl]2 XPhos Cs2CO3 80 C mesitylene 12% 

21
c
 [η

3
-C3H5PdCl]2 XPhos K3PO4 80 C mesitylene 26% 

22
d
 [η

3
-C3H5PdCl]2 XPhos K3PO4 80 C mesitylene 29% 

23 [η
3
-C3H5PdCl]2 XPhos K3PO4 100 C mesitylene 35% 

24
c
 [η

3
-C3H5PdCl]2 XPhos K3PO4 100 C mesitylene 32% 

a
Reaction conditions: S18 (0.05 mmol), 2a (0.075 mmol), catalyst (5.0 mol%), ligand (10.0 mol%), 

base (2.0 equiv.), solvent (0.5 mL), at 80 C under Ar atmosphere for 18 h, sealed tube. 
b
Isolated 

yield. 
c
for 24 h. 

d
for 36 h. n.d. = not detected. 
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1-(2-fluoro-3,3-diphenylallyl)-1,3-dimethylnaphthalen-2(1H)-one (3q) 

 

33.2 mg, 35% yield, colorless oil, Rf = 0.5 (PE/EA=9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.36 – 7.25 (m, 6H), 7.25 – 7.17 (m, 1H), 7.16 – 7.05 (m, 3H), 7.00 – 6.89 (m, 3H), 

6.82 – 6.73 (m, 2H), 3.39 (dd, J = 14.7, 5.6 Hz, 1H), 2.94 (dd, J = 34.2, 14.7 Hz, 1H), 

2.02 (d, J = 1.4 Hz, 3H), 1.35 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.5, 

154.8 (d, J = 259.9 Hz), 143.7, 141.2, 138.5 (d, J = 7.8 Hz), 137.3, 132.1 (d, J = 1.5 

Hz), 130.4 (d, J = 3.0 Hz), 130.0, 129.5, 129.4, 128.6, 128.5, 128.3, 127.8, 127.3, 

127.0, 126.9, 122.5 (d, J = 15.2 Hz), 49.8, 41.6 (d, J = 25.2 Hz), 28.6, 16.2 ppm; 
19

F 

NMR (282 MHz, CDCl3) δ -103.7 ppm; HRMS (ESI) m/z Calcd for [C27H23FO + 

Na]
+
 405.1625, found 405.1625. 
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7. Optimization of Reaction Conditions for the Synthesis of Product 3r 

Table S7. Screening of reaction conditions
a
 

 

entry catalyst ligand base solvent yield
b
 

1 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu THF n.d. 

2 Pd2(dba)3·CHCl3 XPhos LiO
t
Bu THF n.d. 

3 Pd(OAc)2 XPhos LiO
t
Bu THF n.d. 

4 Pd(PP3)4 XPhos LiO
t
Bu THF n.d. 

5 Pd(TFA)2 XPhos LiO
t
Bu THF n.d. 

6 [η
3
-C3H5PdCl]2 PPh3 LiO

t
Bu THF n.d. 

7 [η
3
-C3H5PdCl]2 SPhos LiO

t
Bu THF n.d. 

8 [η
3
-C3H5PdCl]2 XantPhos LiO

t
Bu THF n.d. 

9 [η
3
-C3H5PdCl]2 

t
Bu-XPhos LiO

t
Bu THF n.d. 

10 [η
3
-C3H5PdCl]2 DavePhos LiO

t
Bu THF n.d. 

11 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu mesitylene 15% 

12 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu toluene 19% 

13 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu 1,4-dioxane n.d. 

14 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu DCE n.d. 

15 [η
3
-C3H5PdCl]2 XPhos LiO

t
Bu CH3CN n.d. 

16 [η
3
-C3H5PdCl]2 XPhos K2CO3 mesitylene 17% 

17 [η
3
-C3H5PdCl]2 XPhos K3PO4 mesitylene 15% 

18 [η
3
-C3H5PdCl]2 XPhos K2HPO4 mesitylene 10% 

19 [η
3
-C3H5PdCl]2 XPhos Li2CO3 mesitylene trace  

20 [η
3
-C3H5PdCl]2 XPhos Cs2CO3 mesitylene 8% 

21
c
 [η

3
-C3H5PdCl]2 XPhos LiO

t
Bu mesitylene 27% 

a
Reaction conditions: S19 (0.05 mmol), 2a (0.075 mmol), catalyst (5.0 mol%), ligand (10.0 mol%), 

base (2.0 equiv.), solvent (0.5 mL), at 80 C under Ar atmosphere for 18 h, sealed tube. 
b
Isolated 

yield. 
c
at 100 C. n.d. = not detected. 
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1-(2-fluoro-3-phenylbut-2-en-1-yl)-1,3-dimethyl-4a,8a-dihydronaphthalen-2(1H)-o

ne (3r) 

 

15.2 mg, 27% yield, colorless oil, Rf = 0.5 (PE/EA=9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.44 – 7.42 (m, 1H), 7.36 – 7.30 (m, 1H), 7.29 – 7.27 (m, 1H), 7.26 – 7.23 (m, 2H), 

7.22 – 7.18 (m, 2H), 7.17 – 7.15 (m, 1H), 7.04 – 7.00 (m, 2H), 3.12 (dd, J = 17.6, 14.6 

Hz, 1H), 2.89 (dd, J = 27.4, 14.5 Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.59 – 1.58 (m, 

6H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.9, 152.0 (d, J = 249.9 Hz), 144.1, 141.4, 

138.3, 132.4, 130.2, 128.6 (d, J = 6.2 Hz), 128.0, 128.0, 127.9, 127.0, 126.7, 126.7, 

115.3 (d, J = 14.2 Hz), 50.2 (d, J = 2.4 Hz), 42.6 (d, J = 27.1 Hz), 25.9, 17.4 (d, J = 

3.8 Hz), 16.2 ppm; 
19

F NMR (282 NMz, CDCl3) δ -102.9 ppm; HRMS (ESI) m/z 

Calcd for [C22H21FO + H]
+
 321.1649, found 321.1649. 
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8. Optimization of the Asymmetric Reaction Conditions for Product 3a 

Table S8. Preliminary Asymmetric Study
a
 

 

 

entry catalyst ligand base solvent yield
b
 ee

c
 

1 [η
3
-C3H5PdCl]2 L1 LiO

t
Bu THF <5% 4% 

2 Pd2(dba)3•CHCl3 L1 LiO
t
Bu THF <5% 0 

3 Pd(OAc)2 L1 LiO
t
Bu THF 5% 4% 

4 Pd(TFA)2 L1 LiO
t
Bu THF 9% 16% 

5 Pd(TFA)2 L1 Cs2CO3 THF 10% 24% 

6 Pd(TFA)2 L1 K2CO3 THF n.d.
d
 / 

7 Pd(TFA)2 L1 CsF THF <5% 10% 

8 Pd(TFA)2 L1 Cs2CO3 CH3CN n.d. / 

9 Pd(TFA)2 L1 Cs2CO3 mesitylene 5% 16% 

10 Pd(TFA)2 L1 Cs2CO3 DCE <5% 10% 

11
e
 Pd(TFA)2 L1 Cs2CO3 THF 5% 16% 

12 Pd(TFA)2 L2 Cs2CO3 THF trace / 

13 Pd(TFA)2 L3 Cs2CO3 THF <5% 4% 

14 Pd(TFA)2 L4 Cs2CO3 THF n.d. / 

15 Pd(TFA)2 L5 Cs2CO3 THF n.d. / 

16 Pd(TFA)2 L6 Cs2CO3 THF n.d. / 

17 Pd(TFA)2 L7 Cs2CO3 THF n.d. / 

18 Pd(TFA)2 L8 Cs2CO3 THF n.d. / 
a 
Reaction conditions: 1a (0.05 mmol), 2a (0.075 mmol), [Pd] (10.0 mol%), L (20.0 mol%), base 

(2.0 equiv.), solvent (0.5 mL), at 80 C under Ar atmosphere for 18 h, sealed tube. 
b 
Isolated yields. 

c 
The ee values of the products were determined by chiral-phase HPLC analysis.

 d
 n.d.= not 

detected. 
e 
100 C.  
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HPLC: Daicel Chiralcel IC-3, n-hexane/isopropanol 98/2, flow rate = 0.5 mL/min, 

uv-vis λ = 254 nm, tR1 = 38.5 min (minor), tR2 = 40.8 min (major). 

 

 

 

 

Supplementary Figure 1. HPLC Chromatographs of compound 3a 
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9. Optimization of the Asymmetric Reaction Conditions for Product 5a 

Table S9. Preliminary Asymmetric Study
a
 

 

 

entry catalyst ligand base yield
b
 ee

c
 

1 Pd(XantPhos)Cl2 L1 LiO
t
Bu 21% 4% 

2 Pd(TFA)2 L1 LiO
t
Bu 13% 12% 

3 Pd(OAc)2 L1 LiO
t
Bu 14% 4% 

4 PdCl2 L1 LiO
t
Bu 19% 34% 

5 Pd(COD)Cl2 L1 LiO
t
Bu 18% 32% 

6 Pd(dba)2 L1 LiO
t
Bu 5% 14% 

7 PdCl2 L2 LiO
t
Bu 5% -16% 

8 PdCl2 L3 LiO
t
Bu 7% -28% 

9 PdCl2 L4 LiO
t
Bu 5% 6% 

10 PdCl2 L5 LiO
t
Bu 5% 16% 

11 PdCl2 L6 LiO
t
Bu 5% 28% 

12 PdCl2 L7 LiO
t
Bu 7% -10% 

13 PdCl2 L8 LiO
t
Bu 6% 14% 

14 PdCl2 L9 LiO
t
Bu <5% -8% 

15 PdCl2 L1 Na2CO3 11% 14% 

16 PdCl2 L1 LiOCH3 15% 26% 

17 PdCl2 L1 DIPEA trace  / 
a 
Reaction conditions: 1a (0.05 mmol), 2a (0.075 mmol), [Pd] (10.0 mol %), L (20.0 mol%), base 

(2.0 equiv.), solvent = toluene (0.5 mL), at 80 C under Ar atmosphere for 24 h, sealed tube. 
b 

Isolated yields. 
c 

The ee values of the products were determined by chiral-phase HPLC 

analysis. 
d
 n.r. = no reaction.  

 

 

 

 



 S20 

 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, 

uv-vis λ =254 nm, tR1 = 21.6 min (minor), tR2 = 23.6 min (major). 

 

 

 

 

 

Supplementary Figure 2. HPLC Chromatographs of compound 5a 
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10. Characterization of the Products 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3a)  

 

65.5 mg, 92% yield, white solid, Rf = 0.5 (PE/EA = 9:1), m.p. 100 – 101 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.71 – 7.66 (m, 2H), 7.64 (d, J = 9.3 Hz, 2H), 7.43 – 7.32 (m, 

5H), 7.27 – 7.19 (m, 3H), 5.26 (d, J = 38.8 Hz, 1H), 3.27 (dd, J = 16.9, 14.6 Hz, 1H), 

2.83 (dd, J = 22.8, 14.6 Hz, 1H), 2.01 (d, J = 1.4 Hz, 3H), 1.52 (s, 3H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 202.7, 157.8 (d, J = 267.8 Hz), 143.9, 141.8, 133.3, 132.3 

(d, J = 1.7 Hz), 130.8 (d, J = 2.7 Hz), 130.0, 128.8 (d, J = 2.3 Hz), 127.9, 127.7, 127.5, 

127.3, 127.2, 127.1, 126.6, 126.5, 126.1, 125.8, 108.6 (d, J = 8.1 Hz), 50.2 (d, J = 1.8 

Hz), 45.6 (d, J = 25.0 Hz), 27.8, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -95.80 

ppm; HRMS (ESI) m/z Calcd for [C25H21FO + Na]
+
 379.1469, found 379.1468. 

 

 

(Z)-1-(2-fluoro-3-phenylallyl)-1,3-dimethylnaphthalen-2(1H)-one (3b) 

 

59.0 mg, 93% yield, colorless oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.38 (m, 1H), 7.37 – 7.31 (m, 1H), 7.27 – 7.22 (m, 3H), 7.21 – 7.17 

(m, 4H), 7.15 – 7.08 (m, 1H), 5.11 (d, J = 38.9 Hz, 1H), 3.23 (dd, J = 16.4, 14.7 Hz, 

1H), 2.79 (dd, J = 22.8, 14.6 Hz, 1H), 2.00 (d, J = 1.3 Hz, 3H), 1.51 (s, 3H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 202.7, 157.4 (d, J = 267.2 Hz), 143.9, 141.8, 133.3 (d, J = 

2.5 Hz), 132.3, 130.0, 128.8 (d, J = 2.8 Hz), 128.4, 128.3, 128.2, 127.1, 126.8 (d, J = 

2.3 Hz), 126.5, 108.5 (d, J = 8.3 Hz), 50.1 (d, J = 1.7 Hz), 45.5 (d, J = 25.1 Hz), 27.8, 

16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.98 ppm; HRMS (ESI) m/z Calcd for 

[C21H19FO + Na]
+
 329.1312, found 329.1317. 

 

 

 

 

 

 



 S22 

(Z)-1-(2-fluoro-3-(p-tolyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3c) 

 

58.3 mg, 91% yield, colorless oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.41 – 7.37 (m, 1H), 7.36 – 7.30 (m, 1H), 7.27 – 7.19 (m, 3H), 7.11 – 7.07 

(m, 2H), 7.00 (d, J = 8.1 Hz, 2H), 5.07 (d, J = 39.1 Hz, 1H), 3.20 (dd, J = 16.7, 14.6 

Hz, 1H), 2.77 (dd, J = 22.9, 14.6 Hz, 1H), 2.25 (s, 3H), 1.99 (d, J = 1.4 Hz, 3H), 1.50 

(s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.7, 156.8 (d, J = 266.2 Hz), 144.0, 

141.7, 136.6 (d, J = 2.5 Hz), 132.3, 130.5 (d, J = 2.4 Hz), 130.0, 129.0, 128.8 (d, J = 

2.5 Hz), 128.3, 128.2, 127.0, 126.6, 108.3 (d, J = 8.4 Hz), 50.2 (d, J = 1.9 Hz), 45.6 (d, 

J = 25.3 Hz), 27.7, 21.2, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -98.90 ppm; 

HRMS (ESI) m/z Calcd for [C22H21FO + Na]
+
 343.1469, found 343.1472. 

 

 

(Z)-1-(3-(4-(tert-butyl)phenyl)-2-fluoroallyl)-1,3-dimethylnaphthalen-2(1H)-one 

(3d) 

 

57.0 mg, 79% yield, colorless oil, Rf = 0.7 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.37 (m, 1H), 7.36 – 7.31 (m, 1H), 7.27 – 7.19 (m, 5H), 7.16 – 7.12 

(m, 2H), 5.10 (d, J = 39.2 Hz, 1H), 3.23 (dd, J = 16.1, 14.8 Hz, 1H), 2.78 (dd, J = 

23.2, 14.6 Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.50 (s, 3H), 1.25 (s, 9H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 202.7, 157.0 (d, J = 266.2 Hz), 149.8 (d, J = 2.0 Hz), 144.0, 

141.7, 132.3, 130.5 (d, J = 2.3 Hz), 130.0, 128.8 (d, J = 1.8 Hz), 128.1, 128.0, 127.0, 

126.6, 125.2, 108.2 (d, J = 8.5 Hz), 50.1 (d, J = 1.9 Hz), 45.4 (d, J = 25.2 Hz), 34.5, 

31.2, 27.9, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -98.78 ppm; HRMS (ESI) m/z 

Calcd for [C25H27FO + Na]
+
 385.1938, found 385.1939. 
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(Z)-1-(2-fluoro-3-(4-methoxyphenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3e) 

 

59.2 mg, 88% yield, colorless oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.38 (m, 1H), 7.37 – 7.31 (m, 1H), 7.27 – 7.20 (m, 3H), 7.17 – 7.12 

(m, 2H), 6.76 – 6.71 (m, 2H), 5.05 (d, J = 39.1 Hz, 1H), 3.73 (s, 3H), 3.19 (dd, J = 

17.0, 14.6 Hz, 1H), 2.77 (dd, J = 22.8, 14.6 Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.51 (s, 

3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.8, 158.3 (d, J = 2.8 Hz), 156.0 (d, J = 

264.6 Hz), 144.0, 141.7, 132.3, 130.0, 129.6, 129.5, 128.8 (d, J = 2.8 Hz), 127.0, 

126.5, 126.0 (d, J = 2.3 Hz), 113.7, 107.9 (d, J = 8.7 Hz), 55.2, 50.2 (d, J = 1.9 Hz), 

45.6 (d, J = 25.4 Hz), 27.6, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -100.79 ppm; 

HRMS (ESI) m/z Calcd for [C22H21FO2 + Na]
+
 359.1418, found 359.1411. 

 

 

(Z)-1-(2-fluoro-3-(4-fluorophenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3f) 

 

51.8 mg, 80% yield, yellow oil , Rf = 0.6 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.41 – 7.31 (m, 2H), 7.28 – 7.21 (m, 3H), 7. 18 – 7.10 (m, 2H), 6.91 – 6.83 (m, 2H), 

5.07 (d, J = 38.5 Hz, 1H), 3.22 (dd, J = 16.8, 14.6 Hz, 1H), 2.78 (dd, J = 22.7, 14.6 

Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.50 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 

202.6, 163.1, 163.1, 159.9, 159.8, 158.9, 158.9, 155.3, 155.3, 143.9, 141.8, 132.3, 

130.0, 130.0, 129.9, 129.8, 129.4, 129.4, 129.4, 129.3, 128.8, 128.8, 127.7, 127.1, 

126.5, 115.1 (d, J = 21.4 Hz), 107.4 (d, J = 8.4 Hz), 50.1 (d, J = 1.7 Hz), 45.3 (d, J = 

25.1 Hz), 27.8, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -99.30 (d, J = 1.6 Hz), 

-114.70 (d, J = 1.5 Hz) ppm; HRMS (ESI) m/z Calcd for [C21H18F2O + Na]
+
 

347.1218, found 347.1221. 
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(Z)-1-(2-fluoro-3-(4-nitrophenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3g) 

 

50.0 mg, 71% yield, yellow oil , Rf = 0.3 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 8.06 – 8.02 (m, 2H), 7.43 – 7.35 (m, 2H), 7.34 – 7.32 (m, 1H), 7.31 – 7.25 (m, 4H), 

5.21 (d, J = 37.6 Hz, 1H), 3.33 (dd, J = 16.4, 14.8 Hz, 1H), 2.86 (dd, J = 22.5, 14.7 

Hz, 1H), 2.01 (d, J = 1.4 Hz, 3H), 1.52 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 

202.2, 160.7 (d, J = 274.0 Hz), 146.1 (d, J = 2.8 Hz), 143.5, 141.9, 139.8 (d, J = 2.6 

Hz), 132.2, 129.9, 129.0 (d, J = 4.4 Hz), 128.8, 128.7, 127.3, 126.4, 123.6, 107.0 (d, J 

= 7.7 Hz), 50.1 (d, J = 1.3 Hz), 44.9 (d, J = 24.3 Hz), 28.3, 16.0 ppm; 
19

F NMR (282 

MHz, CDCl3) δ -91.67 ppm; HRMS (ESI) m/z Calcd for [C21H18FNO3 + Na]
+
 

374.1163, found 374.1167. 

 

 

(Z)-4-(3-(1,3-dimethyl-2-oxo-1,2-dihydronaphthalen-1-yl)-2-fluoroprop-1-en-1-yl)b

enzonitrile (3h) 

 

47.2 mg, 71% yield, yellow oil , Rf = 0.3 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.46 (d, J = 8.3 Hz, 2H), 7.42 – 7.34 (m, 2H), 7.30 – 7.24 (m, 5H), 5.15 (d, J = 37.7 

Hz, 1H), 3.30 (t, J = 15.6, 1H), 2.84 (dd, J = 22.5, 14.7 Hz, 1H), 2.01 (d, J = 1.5 Hz, 

3H), 1.51 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.3, 160.2 (d, J = 272.8 Hz), 

143.6, 141.9, 137.8 (d, J = 2.5 Hz), 132.2, 132.0, 129.9, 128.9 (d, J = 4.2 Hz), 128.7, 

128.6, 127.2, 126.4, 119.0, 110.0 (d, J = 2.7 Hz), 107.3 (d, J = 7.6 Hz), 50.1 (d, J = 

1.1 Hz), 44.9 (d, J = 24.4 Hz), 28.3, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -92.54 

ppm; HRMS (ESI) m/z Calcd for [C22H18FNO + H]
+
 332.1445, found 332.1448. 
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(Z)-1-(2-fluoro-3-(4-(trifluoromethyl)phenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-o

ne (3i) 

 

56.8 mg, 76% yield, colorless oil , Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.45 – 7.42 (m, 2H), 7.40 – 7.33 (m, 2H), 7.29 – 7.23f (m, 5H), 5.15 (d, J = 

38.0 Hz, 1H), 3.28 (dd, J = 16.6, 14.6 Hz, 1H), 2.82 (dd, J = 22.8, 14.6 Hz, 1H), 2.01 

(d, J = 1.4 Hz, 3H), 1.51 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.4, 159.2 (d, 

J = 270.7 Hz), 143.7, 141.8, 136.8, 136.7, 136.7, 132.3, 130.0, 128.9, 128.9, 128.8, 

128.7, 128.4, 128.3, 127.2, 126.4, 125.9, 125.1 (q, J = 3.9 Hz), 122.3, 107.4 (d, J = 

8.1 Hz), 50.1 (d, J = 1.5 Hz), 45.2 (d, J = 24.7 Hz), 28.0, 16.0 ppm; 
19

F NMR (282 

MHz, CDCl3) δ -62.59, -94.80 ppm; HRMS (ESI) m/z Calcd for [C22H18F4O + H]
+
 

375.1367, found 375.1365. 

 

 

(Z)-methyl 4-(3-(1,3-dimethyl-2-oxo-1,2-dihydronaphthalen-1-yl)-2-fluoroprop-1-en 

-1-yl)benzoate (3j)  

 

46.0 mg, 63% yield, yellow oil, Rf = 0.3 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.88 – 7.84 (m, 2H), 7.42 – 7.33 (m, 2H), 7.29 – 7.22 (m, 5H), 5.16 (d, J = 38.3 Hz, 

1H), 3.86 (s, 3H), 3.28 (dd, J = 16.4, 14.8 Hz, 1H), 2.82 (dd, J = 22.6, 14.7 Hz, 1H), 

2.00 (d, J = 1.4 Hz, 3H), 1.51 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.4, 

166.8, 159.2 (d, J = 271.2 Hz), 143.7, 141.8, 137.8 (d, J = 2.6 Hz), 132.2, 129.9, 

129.5, 128.9, 128.9, 128.1, 128.1 (d, J = 7.6 Hz), 127.2, 126.4, 107.9 (d, J = 7.9 Hz), 

52.0, 50.1 (d, J = 1.5 Hz), 45.2 (d, J = 24.7 Hz), 28.0, 16.0 ppm; 
19

F NMR (282 MHz, 

CDCl3) δ -94.12 ppm; HRMS (ESI) m/z Calcd for [C23H21FO3 + H]
+
 365.1547, found 

365.1554. 

 

 

 

 

 

 

 

 



 S26 

(Z)-1-(2-fluoro-3-(4-phenoxyphenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3k) 

 

65.1 mg, 82% yield, colorless oil, Rf = 0.5 (PE/EA = 20:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.38 (m, 1H), 7.37 – 7.32 (m, 1H), 7.32 – 7.21 (m, 5H), 7.19 – 7.14 

(m, 2H), 7.09 – 7.04 (m, 1H), 6.97 – 6.92 (m, 2H), 6.85 – 6.80 (m, 2H), 5.08 (d, J = 

38.8 Hz, 1H), 3.22 (dd, J = 16.7, 14.6 Hz, 1H), 2.78 (dd, J = 22.8, 14.6 Hz, 1H), 2.00 

(d, J = 1.4 Hz, 3H), 1.50 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.7, 158.6 (d, 

J = 264.3 Hz), 157.0, 156.0 (d, J = 2.9 Hz), 144.0, 141.7, 132.3, 130.0, 129.8, 129.8, 

129.7, 128.8 (d, J = 3.1 Hz), 128.5 (d, J = 2.3 Hz), 127.1, 126.5, 123.3, 119.0, 118.5, 

107.7 (d, J = 8.6 Hz), 50.2 (d, J = 1.7 Hz), 45.4 (d, J = 25.2 Hz), 27.8, 16.1 ppm; 
19

F 

NMR (282 MHz, CDCl3) δ -99.50 ppm; HRMS (ESI) m/z Calcd for [C27H23FO2 + 

Na]
+
 421.1574, found 421.1578. 

 

 

(Z)-1-(3-([1,1'-biphenyl]-4-yl)-2-fluoroallyl)-1,3-dimethylnaphthalen-2(1H)-one (3l) 

 

58.1 mg, 76% yield, white solid, Rf = 0.6 (PE/EA = 9:1), m.p. 90 – 91 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.54 – 7.50 (m, 2H), 7.45 – 7.34 (m, 6H), 7.33 – 7.28 (m, 2H), 

7.27 – 7.22 (m, 4H), 5.15 (d, J = 38.9 Hz, 1H), 3.26 (dd, J = 16.6, 14.6 Hz, 1H), 2.81 

(dd, J = 22.9, 14.6 Hz, 1H), 2.01 (d, J = 1.3 Hz, 3H), 1.52 (s, 3H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 202.7, 157.7 (d, J = 267.6 Hz), 143.9, 141.8, 140.7, 139.5 (d, J = 2.5 

Hz), 132.4 (d, J = 2.5 Hz), 132.3, 130.0, 128.9, 128.8 (d, J = 1.5 Hz), 128.8, 128.7, 

127.3, 127.1, 126.9, 126.5, 108.1 (d, J = 8.3 Hz), 50.2 (d, J = 1.8 Hz), 45.5 (d, J = 

25.1 Hz), 27.9, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.37 ppm; HRMS (ESI) 

m/z Calcd for [C27H23FO + Na]
+
 405.1625, found 405.1630. 

 

 

 

 

 

 

 

 

 



 S27 

(Z)-1-(3-(4-(diphenylamino)phenyl)-2-fluoroallyl)-1,3-dimethylnaphthalen-2(1H)-o

ne (3m) 

 

74.0 mg, 78% yield, colorless oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.32 (m, 2H), 7.28 – 7.22 (m, 4H), 7.21 – 7.17 (m, 3H), 7.12 – 6.95 

(m, 8H), 6.91 – 6.86 (m, 2H), 5.06 (d, J = 39.2 Hz, 1H), 3.22 (dd, J = 16.5, 14.6 Hz, 

1H), 2.78 (dd, J = 22.9, 14.6 Hz, 1H), 2.01 (d, J = 1.4 Hz, 3H), 1.50 (s, 3H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 202.7, 156.5 (d, J = 265.6 Hz), 147.5, 146.4 (d, J = 2.7 Hz), 

144.0, 141.7, 132.3, 130.0, 129.3, 129.2, 129.2, 128.8 (d, J = 2.8 Hz), 127.5 (d, J = 

2.6 Hz), 127.0, 126.5, 124.4, 123.2, 122.9, 108.0 (d, J = 8.6 Hz), 50.2 (d, J = 1.5 Hz), 

45.4 (d, J = 25.4 Hz), 27.8, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -99.52 ppm; 

HRMS (ESI) m/z Calcd for [C33H28FNO + Na]
+
 496.2047, found 496.2055. 

 

 

(Z)-1-(2-fluoro-3-(2-methoxyphenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3n) 

 

47.1 mg, 70% yield, pale yellow oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.43 – 7.38 (m, 2H), 7.36 – 7.30 (m, 1H), 7.27 – 7.21 (m, 3H), 7.10 (td, J = 

8.3, 1.7 Hz, 1H), 6.82 – 6.72 (m, 2H), 5.52 (d, J = 40.0 Hz, 1H), 3.70 (s, 3H), 3.24 (t, 

J = 15.0 Hz, 1H), 2.81 (dd, J = 23.1, 14.6 Hz, 1H), 2.01 (d, J = 1.3 Hz, 3H), 1.51 (s, 

3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.8, 157.2 (d, J = 266.2 Hz), 155.9, 144.0, 

141.6, 132.3, 130.0, 129.8, 129.6, 128.8 (d, J = 8.0 Hz), 128.0, 126.9, 126.6, 122.2 (d, 

J = 2.2 Hz), 120.4, 110.4, 102.1 (d, J = 7.0 Hz), 55.5, 50.1, 45.8 (d, J = 25.6 Hz), 27.6, 

16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -100.01 ppm; HRMS (ESI) m/z Calcd for 

[C22H21FO2 + Na]
+
 359.1418, found 359.1420. 

 

 

 

 

 

 

 

 

 



 S28 

(Z)-1-(2-fluoro-3-(3-methoxyphenyl)allyl)-1,3-dimethylnaphthalen-2(1H)-one (3o) 

 

53.8 mg, 80% yield, colorless oil, Rf = 0.6 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.32 (m, 2H), 7.27 – 7.21 (m, 3H), 7.13 – 7.08 (m, 1H), 6.78 – 6.75 

(m, 2H), 6.70 – 6.66 (m, 1H), 5.08 (d, J = 38.6 Hz, 1H), 3.71 (s, 3H), 3.23 (dd, J = 

16.3, 14.7 Hz, 1H), 2.78 (dd, J = 23.0, 14.6 Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.50 (s, 

3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.6, 159.4, 157.6 (d, J = 267.5 Hz), 143.9, 

141.8, 134.6 (d, J = 2.4 Hz), 132.2, 130.0, 129.1, 128.8, 128.8, 127.1, 126.5, 121.0 (d, 

J = 6.9 Hz), 113.8 (d, J = 7.9 Hz), 112.5 (d, J = 2.1 Hz), 108.4 (d, J = 8.0 Hz), 55.1, 

50.1 (d, J = 1.7 Hz), 45.4 (d, J = 25.2 Hz), 27.9, 16.0 ppm; 
19

F NMR (282 MHz, 

CDCl3) δ -97.17 ppm; HRMS (ESI) m/z Calcd for [C22H21FO2 + Na]
+
 359.1418, 

found 359.1420. 

 

 

1-((2Z,4E)-2-fluoro-5-phenylpenta-2,4-dien-1-yl)-1,3-dimethylnaphthalen-2(1H)-on

e (3p) 

 

43.8 mg, 66% yield, pale yellow oil, Rf = 0.4 (PE/EA = 20:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.39 – 7.33 (m, 2H), 7.31 – 7.21 (m, 7H), 7.19 – 7.13 (m, 1H), 6.73 (dd, J = 

15.9, 10.8 Hz, 1H), 6.25 (d, J = 15.9 Hz, 1H), 5.06 (dd, J = 34.8, 10.8 Hz, 1H), 3.18 

(dd, J = 16.7, 14.6 Hz, 1H), 2.75 (dd, J = 22.7, 14.6 Hz, 1H), 2.01 (d, J = 1.4 Hz, 3H), 

1.48 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.6, 157.7 (d, J = 265.6 Hz), 143.9, 

141.8, 137.2, 132.2, 130.5 (d, J = 3.5 Hz), 129.9, 128.9, 128.8, 128.6, 127.5, 127.1, 

126.5, 126.3, 120.3 (d, J = 5.3 Hz), 109.6 (d, J = 11.6 Hz), 50.1 (d, J = 1.1 Hz), 44.7 

(d, J = 24.6 Hz), 27.8, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -99.86 ppm; HRMS 

(ESI) m/z Calcd for [C23H21FO + Na]
+
 355.1469, found 355.1464. 

 

 

 

 

 

 

 

 



 S29 

(8R,9S,13S,14S)-3-((Z)-3-(1,3-dimethyl-2-oxo-1,2-dihydronaphthalen-1-yl)-2-fluoro

prop-1-en-1-yl)-13-methyl-7,8,9,11,12,13,15,16-octahydro-6H-cyclopenta[a]phenant

hren-17(14H)-one (3t) 

 

75.3 mg, 78% yield, colorless oil, Rf = 0.4 (PE/EA = 4:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.42 – 7.30 (m, 2H), 7.27 – 7.21 (m, 3H), 7.13 (d, J = 8.1 Hz, 1H), 7.02 – 

6.96 (m, 2H), 5.08 (d, J = 39.2 Hz, 1H), 3.24 (dd, J = 16.6, 14.6 Hz, 1H), 2.85 – 2.73 

(m, 3H), 2.49 (dd, J = 18.5, 8.4 Hz, 1H), 2.39 – 2.33 (m, 1H), 2.22 – 2.05 (m, 2H), 

2.03 – 1.98 (m, 4H), 1.95 – 1.91 (m, 1H), 1.65 – 1.52 (m, 3H), 1.50 (s, 3H), 1.46 – 

1.26 (m, 4H), 0.87 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 220.9, 202.7, 157.1 (d, 

J = 266.9 Hz), 143.9, 141.8, 138.5 (d, J = 2.0 Hz), 136.3, 132.2, 130.9 (d, J = 2.4 Hz), 

130.0, 128.9 (d, J = 7.0 Hz), 128.8, 128.8, 127.0, 126.5, 125.9 (d, J = 7.1 Hz), 125.2, 

108.1 (d, J = 8.4 Hz), 50.5, 50.1, 48.0, 45.3 (d, J = 25.0 Hz), 44.4, 38.1, 35.9, 31.6, 

29.3, 27.9, 26.5, 25.6, 21.6, 16.1, 13.8 ppm; 
19

F NMR (282 MHz, CDCl3) δ -98.52 

ppm; HRMS (ESI) m/z Calcd for [C33H35FO2 + Na]
+
 505.2513, found 505.2518. 

 

(8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclop

enta[a]phenanthren-3-yl 4-((Z)-3-(1,3-dimethyl-2-oxo-1,2-dihydronaphthalen-1-yl) 

-2-fluoroprop-1-en-1-yl)benzoate (3u) 

 

102.4 mg, 85% yield, white solid, Rf = 0.4 (PE/EA = 2:1), m.p. =113 – 114 C, 
1
H 

NMR (300 MHz, CDCl3) δ 8.02 – 7.98 (m, 2H), 7.44 – 7.34 (m, 2H), 7.32 – 7.24 (m, 

6H), 6.95 – 6.89 (m, 2H), 5.20 (d, J = 38.2 Hz, 1H), 3.29 (dd, J = 16.5, 14.7 Hz, 1H), 

2.94 – 2.78 (m, 3H), 2.55 – 2.38 (m, 2H), 2.34 – 2.25 (m, 1H), 2.20 – 2.09 (m, 1H), 

2.05 – 1.93 (m, 6H), 1.64 – 1.40 (m, 9H), 0.91 (s, 3H) ppm; 
13

C NMR (75 MHz, 

CDCl3) δ 220.8, 202.4, 165.1, 159.6 (d, J = 271.7 Hz), 148.8, 143.7, 141.8, 138.5 (d, J 

= 2.6 Hz), 138.1, 137.4, 132.3, 130.1, 130.0, 128.9, 128.9, 128.3, 128.2, 127.6 (d, J = 

2.3 Hz), 127.2, 126.5, 121.7, 118.9, 107.8 (d, J = 7.7 Hz), 50.4, 50.1 (d, J = 1.4 Hz), 

48.0, 45.3 (d, J = 24.5 Hz), 44.2, 38.0, 35.9, 31.6, 29.4, 28.1, 26.4, 25.8, 21.6, 16.0, 

13.9 ppm; 
19

F NMR (282 MHz, CDCl3) δ -93.50 ppm; HRMS (ESI) m/z Calcd for 

[C40H39FO4 + H]
+
 603.2905, found 603.2919. 



 S30 

(Z)-3-ethyl-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1-methylnaphthalen-2(1H)-one 

(3v) 

 

66.0 mg, 89% yield, colorless oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.74 – 7.66 (m, 2H), 7.66 – 7.59 (m, 2H), 7.44 – 7.31 (m, 5H), 7.27 – 7.22 

(m, 2H), 7.18 (t, 1H), 5.25 (d, J = 38.9 Hz, 1H), 3.27 (dd, J = 17.2, 14.6 Hz, 1H), 2.82 

(dd, J = 22.4, 14.6 Hz, 1H), 2.54 – 2.33 (m, 2H), 1.52 (s, 3H), 1.12 (t, J = 7.4 Hz, 3H) 

ppm;
 13

C NMR (75 MHz, CDCl3) δ 202.3, 157.8 (d, J = 268.0 Hz), 143.8, 140.3, 

137.7, 133.3, 132.3, 130.9 (d, J = 2.4 Hz), 130.1, 129.0, 128.9, 128.0, 127.7, 127.5, 

127.2 (d, J = 7.4 Hz), 127.1, 126.5 (d, J = 7.6 Hz), 126.5, 126.1, 125.8, 108.7 (d, J = 

8.0 Hz), 50.3, 45.6 (d, J = 25.2 Hz), 27.7, 22.6, 12.7 ppm; 
19

F NMR (282 MHz, 

CDCl3) δ -97.09 ppm; HRMS (ESI) m/z Calcd for [C26H23FO + Na]
+
 393.1625, 

found 393.1629. 

 

 

(Z)-3-benzyl-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1-methylnaphthalen-2(1H)-one 

(3w) 

 

72.6 mg, 84% yield, pale yellow oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.73 – 7.58 (m, 4H), 7.42 – 7.31 (m, 5H), 7.24 – 7.12 (m, 7H), 7.04 – 7.03 

(m, 1H), 5.20 (d, J = 38.9 Hz, 1H), 3.80 – 3.68 (m, 2H), 3.25 (dd, J = 17.7, 14.6 Hz, 

1H), 2.82 (dd, J = 21.8, 14.6 Hz, 1H), 1.52 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) 

δ 201.9, 157.7 (d, J = 267.9 Hz), 144.0, 142.3, 139.2, 135.7, 133.4, 132.3 (d, J = 1.8 

Hz), 130.8 (d, J = 2.6 Hz), 129.8, 129.3 (d, J = 10.9 Hz), 129.3, 128.5, 128.0, 127.7, 

127.5, 127.3 (d, J = 7.5 Hz), 127.1, 126.6, 126.6, 126.5, 126.3, 126.1, 125.9, 108.7 (d, 

J = 8.0 Hz), 50.5 (d, J = 1.7 Hz), 45.6 (d, J = 25.1 Hz), 35.4, 27.7 ppm; 
19

F NMR 

(282 MHz, CDCl3) δ -96.88 ppm; HRMS (ESI) m/z Calcd for [C31H25FO – H]
–
 

431.1816, found 431.1823. 

 

 

 

 

 

 



 S31 

1-((Z)-2-fluoro-3-(naphthalen-2-yl)allyl)-1-methyl-3-((E)-prop-1-en-1-yl)naphthale

n-2(1H)-one (3x) 

 

61.9 mg, 81% yield, yellow oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.73 – 7.68 (m, 2H), 7.67 – 7.64 (m, 2H), 7.44 – 7.31 (m, 6H), 7.29 – 7.23 (m, 2H), 

6.51 – 6.36 (m, 2H), 5.29 (d, J = 38.8 Hz, 1H), 3.29 (dd, J = 16.7, 14.6 Hz, 1H), 2.85 

(dd, J = 22.8, 14.6 Hz, 1H), 1.89 – 1.87 (m, 3H), 1.55 (s, 3H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 201.6, 157.6 (d, J = 267.8 Hz), 143.7, 138.3, 133.3, 132.2 (d, J = 1.7 

Hz), 131.6, 130.8 (d, J = 2.5 Hz), 130.1, 129.5 (d, J = 4.6 Hz), 129.1, 127.9, 127.7, 

127.5, 127.3, 127.2, 127.2, 126.5 (d, J = 7.7 Hz), 126.5, 126.0, 125.8, 124.9, 108.8 (d, 

J = 8.1 Hz), 50.9 (d, J = 1.7 Hz), 45.3 (d, J = 25.2 Hz), 27.3, 19.1 ppm; 
19

F NMR 

(282 MHz, CDCl3) δ -97.14 ppm; HRMS (ESI) m/z Calcd for [C27H23FO + Na]
+
 

405.1625, found 405.1631. 

 

 

(Z)-1-ethyl-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-3-methylnaphthalen-2(1H)-one 

(3y) 

 

70.0 mg, 95% yield, pale yellow oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.71 – 7.66 (m, 2H), 7.64 – 7.60 (m, 2H), 7.40 – 7.32 (m, 5H), 7.27 – 7.19 

(m, 3H), 5.25 (d, J = 38.9 Hz, 1H), 3.28 (dd, J = 16.2, 14.4 Hz, 1H), 2.80 (dd, J = 

23.7, 14.4 Hz, 1H), 2.34 – 2.23 (m, 1H), 1.99 (d, J = 1.3 Hz, 3H), 1.95 – 1.84 (m, 1H), 

0.50 (t, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.9, 157.8 (d, J = 267.9 Hz), 142.4, 

142.2, 133.5, 133.3, 132.2 (d, J = 1.8 Hz), 131.6, 130.9 (d, J = 2.3 Hz), 128.8, 128.7, 

127.9, 127.7, 127.5, 127.2 (d, J = 7.5 Hz), 127.0, 126.5 (d, J = 7.0 Hz), 126.5, 126.0, 

125.8, 108.4 (d, J = 8.0 Hz), 55.0, 46.0 (d, J = 24.8 Hz), 36.4, 15.9, 8.8 ppm; 
19

F 

NMR (282 MHz, CDCl3) δ -96.96 ppm; HRMS (ESI) m/z Calcd for [C26H23FO + 

Na]
+
 393.1625, found 393.1633. 

 

 

 

 

 



 S32 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-3-methyl-1-phenylnaphthalen-2(1H)-one 

(3z) 

 

45.0 mg, 54% yield, white solid, Rf = 0.8 (PE/EA = 9:1), m.p.= 126 – 127 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.73 – 7.68 (m, 2H), 7.66 – 7.61 (m, 2H), 7.40 – 7.33 (m, 

3H), 7.32 – 7.21 (m, 7H), 7.15 – 7.09 (m, 3H), 5.36 (d, J = 38.9 Hz, 1H), 4.13 (dd, J = 

14.1, 13.1 Hz, 1H), 3.23 (dd, J = 25.0, 14.1 Hz, 1H), 1.97 (d, J = 1.3 Hz, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 200.4, 157.5 (d, J = 268.1 Hz), 143.4, 143.1, 142.0, 

133.3, 132.4, 132.3 (d, J = 1.6 Hz), 131.0, 130.8 (d, J = 2.6 Hz), 129.3, 128.9, 128.7, 

128.7, 127.9, 127.7, 127.5 (d, J = 3.5 Hz), 127.3, 127.2, 127.2, 126.5 (d, J = 7.4 Hz), 

126.1, 125.8, 109.2 (d, J = 8.2 Hz), 58.0 (d, J = 1.7 Hz), 43.5 (d, J = 24.3 Hz), 16.2 

ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.55 ppm; HRMS (ESI) m/z Calcd for 

[C30H23FO + Na]
+
 441.1625, found 441.1627. 

 

 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-7-methoxy-1,3-dimethylnaphthalen-2(1H)

-one (3aa) 

 

74.9 mg, 97% yield, pale yellow oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.73 – 7.64 (m, 4H), 7.42 – 7.34 (m, 3H), 7.21 – 7.15 (m, 2H), 6.97 (d, J = 

2.5 Hz, 1H), 6.78 (dd, J = 8.4, 2.5 Hz, 1H), 5.30 (d, J = 38.9 Hz, 1H), 3.81 (s, 3H), 

3.27 (dd, J = 17.2, 14.7 Hz, 1H), 2.81 (dd, J = 21.8, 14.6 Hz, 1H), 1.98 (d, J = 1.3 Hz, 

3H), 1.52 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 202.5, 160.4, 157.8 (d, J = 

268.0 Hz), 146.1, 141.8, 133.3, 132.2 (d, J = 1.5 Hz), 130.9 (d, J = 2.6 Hz), 130.2, 

129.7, 127.9, 127.7, 127.5, 127.2 (d, J = 7.4 Hz), 126.5 (d, J = 7.4 Hz), 126.0, 125.8, 

123.4, 113.4, 111.7, 108.6 (d, J = 8.0 Hz), 55.4, 50.3 (d, J = 1.4 Hz), 45.5 (d, J = 25.1 

Hz), 28.1, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.17 ppm; HRMS (ESI) m/z 

Calcd for [C26H23FO2 – H]
–
 385.1609, found 385.1621. 

 

 

 

 

 



 S33 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-6-methoxy-1,3-dimethylnaphthalen-2(1H)

-one (3ab) 

  

74.5 mg, 96% yield, pale yellow oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.74 – 7.68 (m, 2H), 7.67 – 7.64 (m, 2H), 7.42 – 7.34 (m, 3H), 7.31 (d, J = 

8.6 Hz, 1H), 7.18 (d, J = 1.5 Hz, 1H), 6.90 (dd, J = 8.6, 2.7 Hz, 1H), 6.73 (d, J = 2.7 

Hz, 1H), 5.27 (d, J = 38.9 Hz, 1H), 3.78 (s, 3H), 3.24 (dd, J = 16.9, 14.5 Hz, 1H), 

2.79 (dd, J = 23.1, 14.5 Hz, 1H), 2.00 (d, J = 1.4 Hz, 3H), 1.50 (s, 3H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 203.0, 157.9 (d, J = 267.9 Hz), 158.3, 141.7, 135.9, 133.3, 

132.8, 132.2 (d, J = 1.7 Hz), 131.0, 130.9 (d, J = 2.6 Hz), 127.9, 127.7, 127.7, 127.5, 

127.2 (d, J = 7.5 Hz), 126.5 (d, J = 7.4 Hz), 126.1, 125.8, 114.8, 113.3, 108.6 (d, J = 

8.1 Hz), 55.3, 49.7 (d, J = 1.7 Hz), 45.7 (d, J = 24.9 Hz), 27.9, 16.1 ppm; 
19

F NMR 

(282 MHz, CDCl3) δ -97.23 ppm; HRMS (ESI) m/z Calcd for [C26H23FO2 + Na]
+
 

409.1574, found 409.1581. 

 

 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1,3-dimethyl-7-phenylnaphthalen-2(1H)-o

ne (3ac) 

 

78.5 mg, 90% yield, pale yellow oil, Rf = 0.5 (PE/EA = 9:1), 
1
H NMR (300 MHz, 

CDCl3) δ 7.70 – 7.61 (m, 5H), 7.58 – 7.54 (m, 2H), 7.46 – 7.32 (m, 7H), 7.26 – 7.19 

(m, 2H), 5.32 (d, J = 38.8 Hz, 1H), 3.27 (dd, J = 17.9, 14.6 Hz, 1H), 2.89 (dd, J = 

22.4, 14.6 Hz, 1H), 2.02 (d, J = 1.4 Hz, 3H), 1.57 (s, 3H) ppm; 
13

C NMR (75 MHz, 

CDCl3) δ 202.6, 157.9 (d, J = 267.9 Hz), 144.4, 141.7, 141.5, 140.7, 133.4, 132.3 (d, J 

= 1.7 Hz), 132.2, 130.8 (d, J = 2.7 Hz), 129.3, 129.1, 129.0, 128.0, 127.8, 127.8, 

127.5, 127.4, 127.2, 126.5 (d, J = 7.4 Hz), 126.1, 126.0, 125.9, 125.7, 109.0 (d, J = 

8.0 Hz), 50.5 (d, J = 2.0 Hz), 45.6 (d, J = 25.0 Hz), 27.7, 16.2 ppm; 
19

F NMR (282 

MHz, CDCl3) δ -95.80 ppm; HRMS (ESI) m/z Calcd for [C31H25FO + Na]
+
 455.1782, 

found 455.1784. 

 

 

 

 



 S34 

(Z)-1-(2-fluoro-3-(naphthalen-2-yl)allyl)-1-methylnaphthalen-2(1H)-one (3ad) 

 

45.8 mg, 67% yield, yellow oil, Rf = 0.4 (PE/EA = 9:1), 
1
H NMR (300 MHz, CDCl3)) 

δ 7.73 – 7.67 (m, 3H), 7.66 – 7.63 (m, 3H), 7.47 – 7.35 (m, 6H), 7.32 – 7.23 (m, 2H), 

6.22 (d, J = 9.8 Hz, 1H), 5.30 (d, J = 39.0 Hz, 1H), 3.32 (dd, J = 16.6, 14.8 Hz, 1H), 

2.86 (dd, J = 22.6, 14.7 Hz, 1H), 1.53 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3)) δ 

202.6, 157.6 (d, J = 267.7 Hz), 145.4, 144.6, 133.3, 132.3 (d, J = 1.7 Hz), 130.8 (d, J 

= 2.7 Hz), 129.9 (d, J = 17.1 Hz), 129.5, 128.0, 127.7, 127.5, 127.3, 127.2, 127.2, 

126.9, 126.5 (d, J = 7.5 Hz), 126.1, 125.8, 124.9, 108.8 (d, J = 8.0 Hz), 50.5 (d, J = 

1.7 Hz), 45.0 (d, J = 25.1 Hz), 28.1 ppm; 
19

F NMR (282 MHz, CDCl3)) δ -97.32 ppm; 

HRMS (ESI) m/z Calcd for [C24H19FO + Na]
+
 365.1312, found 365.1315. 

 

 

(Z)-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-2,3-dimethyl-3H-indole (5a) 

 

52.7 mg, 80% yield, yellow solid, Rf = 0.4 (PE/EA = 2:1), m.p. 117 – 118 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.76 – 7.69 (m, 4H), 7.55 – 7.52 (m, 1H), 7.47 – 7.38 (m, 

3H), 7.34 – 7.28 (m, 2H), 7.21 – 7.16 (m, 1H), 5.36 (d, J = 38.7 Hz, 1H), 2.87 (dd, J = 

22.5, 14.7 Hz, 1H), 2.63 (dd, J = 20.4, 14.7 Hz, 1H), 2.37 (s, 3H), 1.41 (d, J = 1.0 Hz, 

3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.8, 157.1 (d, J = 267.3 Hz), 154.2, 142.7, 

133.3, 132.4 (d, J = 1.6 Hz), 130.5 (d, J = 2.8 Hz), 128.1, 128.0, 127.9, 127.5, 127.4 

(d, J = 7.5 Hz), 126.5 (d, J = 7.5 Hz), 126.2, 126.0, 125.2, 122.3 (d, J = 1.0 Hz), 120.2, 

109.3 (d, J = 8.3 Hz), 56.6 (d, J = 2.7 Hz), 40.3 (d, J = 26.2 Hz), 22.0, 16.0 (d, J = 1.7 

Hz) ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.13 ppm; HRMS (ESI) m/z Calcd for  

[C23H20FN + H]
+
 330.1653, found 330.1655. 

 

 

 

 

 

 

 

 

 



 S35 

(Z)-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-5-methoxy-2,3-dimethyl-3H-indole (5b) 

 

45.3 mg, 63% yield, yellow oil , Rf = 0.4 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.76 – 7.70 (m, 4H), 7.47 (dd, J = 8.6, 1.7 Hz, 1H), 7.45 – 7.40 (m, 3H), 6.89 (d, J = 

2.5 Hz, 1H), 6.82 (dd, J = 8.4, 2.5 Hz, 1H), 5.38 (d, J = 38.7 Hz, 1H), 3.75 (s, 3H), 

2.84 (dd, J = 22.0, 14.7 Hz, 1H), 2.61 (dd, J = 20.6, 14.7 Hz, 1H), 2.33 (s, 3H), 1.40 

(d, J = 1.0 Hz, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 183.6, 157.9, 157.1 (d, J = 

267.4 Hz), 147.9, 144.3, 133.3, 132.4 (d, J = 1.4 Hz), 130.5 (d, J = 2.8 Hz), 128.0, 

127.9, 127.5, 127.4 (d, J = 7.5 Hz), 126.5 (d, J = 7.5 Hz), 126.2, 126.0, 120.4, 112.7, 

109.3 (d, J = 8.2 Hz), 109.0 (d, J = 1.0 Hz), 56.7 (d, J = 2.7 Hz), 55.7, 40.3 (d, J = 

26.2 Hz), 22.2, 15.9 (d, J = 1.6 Hz) ppm; 
19

F NMR (282 MHz, CDCl3) δ -96.99 ppm; 

HRMS (ESI) m/z Calcd for [C24H22FNO + H]
+
 360.1758, found 360.1763. 

 

 

(Z)-5-chloro-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-2,3-dimethyl-3H-indole (5c) 

 

41.4 mg, 57% yield, yellow solid , Rf = 0.3 (PE/EA = 2:1), m.p. 120 – 121 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.76 – 7.70 (m, 4H), 7.47 – 7.40 (m, 4H), 7.31 – 7.25 (m, 

2H), 5.39 (d, J = 38.6 Hz, 1H), 2.84 (dd, J = 23.2, 14.8 Hz, 1H), 2.67 (dd, J = 19.3, 

14.7 Hz, 1H), 2.36 (s, 3H), 1.39 (d, J = 0.8 Hz, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) 

δ 186.3, 156.5 (d, J = 267.0 Hz), 152.8, 144.5, 133.3, 132.4 (d, J = 1.9 Hz), 131.0, 

130.3 (d, J = 2.7 Hz), 128.3, 128.0, 128.0, 127.6, 127.5 (d, J = 7.7 Hz), 126.4 (d, J = 

7.4 Hz), 126.2, 126.1, 122.8, 121.0, 109.6 (d, J = 8.3 Hz), 57.1 (d, J = 2.3 Hz), 40.2 (d, 

J = 25.9 Hz), 22.0, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.79 ppm; HRMS 

(ESI) m/z Calcd for [C23H19ClFN + H]
+
 364.1263, found 364.1270. 

 

 

 

 

 

 

 

 

 



 S36 

(Z)-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-2,3-dimethyl-5-(trifluoromethyl)-3H-indol

e (5d) 

 

40.5 mg, 51% yield, yellow oil, Rf = 0.3 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.77 – 7.70 (m, 4H), 7.60 – 7.58 (m, 3H), 7.45 – 7.39 (m, 3H), 5.38 (d, J = 38.5 Hz, 

1H), 2.90 (dd, J = 23.4, 14.7 Hz, 1H), 2.70 (dd, J = 19.4, 14.7 Hz, 1H), 2.42 (s, 3H), 

1.44 (d, J = 0.8 Hz, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 189.0, 157.0, 156.4 (d, J 

= 267.0 Hz), 143.3, 133.3, 132.5, 130.1 (d, J = 2.5 Hz), 128.0, 128.0, 127.6, 127.5, 

127.5, 127.1, 126.7, 126.4, 126.3, 126.2, 126.1, 125.9 (q, J = 3.9 Hz), 122.8, 120.3, 

119.4, 119.3, 109.8 (d, J = 8.4 Hz), 57.1 (d, J = 2.3 Hz), 40.3 (d, J = 26.3 Hz), 21.8, 

16.3 ppm; 
19

F NMR (282 MHz, CDCl3) δ -61.31, -98.04 ppm; HRMS (ESI) m/z 

Calcd for [C24H19F4N + H]
+
 398.1526, found 398.1536. 

 

 

(Z)-3-benzyl-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-2-methyl-3H-indole (5e) 

 

57.5 mg, 71% yield, yellow solid, Rf = 0.7 (PE/EA = 2:1), m.p. 99 – 100 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.74 – 7.66 (m, 4H), 7.44 – 7.36 (m, 4H), 7.28 – 7.23 (m, 4H), 

7.19 – 7.16 (m, 2H), 7.12 – 7.04 (m, 3H), 6.79 – 6.75 (m, 2H), 5.31 (d, J = 38.8 Hz, 

1H), 3.34 (d, J = 13.5 Hz, 1H), 3.08 – 2.81 (m, 3H), 2.44 (s, 3H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 183.9, 156.6 (d, J = 267.1 Hz), 154.9, 140.0, 135.3, 133.3, 132.4 (d, J 

= 1.7 Hz), 130.4 (d, J = 2.7 Hz), 129.5, 128.3, 128.0, 127.9, 127.8, 127.5, 127.4 (d, J 

= 7.5 Hz), 127.0, 126.5 (d, J = 7.3 Hz), 126.1, 126.0, 124.8, 123.3, 120.1, 109.4 (d, J 

= 8.4 Hz), 61.8 (d, J = 2.8 Hz), 42.1, 39.6 (d, J = 26.0 Hz), 17.0 (d, J = 2.1 Hz) ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.19 ppm; HRMS (ESI) m/z Calcd for [C29H24FN + 

H]
+
 406.1966, found 406.1970. 

 

 

 

 

 

 

 

 



 S37 

(Z)-2-ethyl-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-3-methyl-3H-indole (5f) 

 

43.2 mg, 63% yield, yellow oil, Rf = 0.6 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.76 – 7.69 (m, 4H), 7.61 – 7.58 (m, 1H), 7.47 – 7.40 (m, 3H), 7.34 – 7.28 (m, 2H), 

7.19 (td, J = 7.3, 1.1 Hz, 1H), 5.34 (d, J = 38.7 Hz, 1H), 2.89 (dd, J = 22.2, 14.7 Hz, 

1H), 2.76 – 2.56 (m, 3H), 1.43 (t, 3H), 1.42 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) 

δ 189.9, 157.1 (d, J = 267.4 Hz), 154.1, 142.7, 133.3, 132.4 (d, J = 1.7 Hz), 130.5 (d, 

J = 2.7 Hz), 128.1, 128.0, 127.9, 127.5, 127.4 (d, J = 7.4 Hz), 126.5 (d, J = 7.5 Hz), 

126.2, 126.0, 125.1, 122.2 (d, J = 1.0 Hz), 120.3, 109.3 (d, J = 8.3 Hz), 56.7 (d, J = 

2.8 Hz), 40.4 (d, J = 25.9 Hz), 22.5 (d, J = 1.2 Hz), 22.2 (d, J = 1.1 Hz), 10.5 ppm; 
19

F 

NMR (282 MHz, CDCl3) δ -97.12 ppm; HRMS (ESI) m/z Calcd for [C23H22FN + 

H]
+
 344.1809, found 344.1816. 

 

 

(Z)-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-3-methyl-2-phenyl-3H-indole (5g) 

 

55.5 mg, 71% yield, yellow oil, Rf = 0.7 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 8.18 – 8.14 (m, 2H), 7.73 – 7.64 (m, 5H), 7.53 – 7.48 (m, 3H), 7.42 – 7.34 (m, 5H), 

7.26 (td, J = 7.4, 1.1 Hz, 1H), 5.23 (d, J = 38.6 Hz, 1H), 3.17 (dd, J = 20.2, 14.8 Hz, 

1H), 2.91 (dd, J = 22.4, 14.8 Hz, 1H), 1.74 (d, J = 1.0 Hz, 3H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 181.5, 157.1 (d, J = 268.0 Hz), 153.6, 144.4, 133.5, 133.3, 132.4, 

130.7, 130.6 (d, J = 2.7 Hz), 128.8, 128.4, 128.3, 128.0, 127.8, 127.5, 127.4, 127.3, 

126.5 (d, J = 7.5 Hz), 126.1, 125.9 (d, J = 2.7 Hz), 122.1, 121.2, 109.4 (d, J = 8.0 Hz), 

56.7 (d, J = 2.8 Hz), 41.6 (d, J = 25.7 Hz), 23.6 ppm; 
19

F NMR (282 MHz, CDCl3) δ 

-96.49 ppm; HRMS (ESI) m/z Calcd for [C28H22FN + H]
+
 392.1809, found 392.1810. 

 

 

 

 

 

 

 

 

 

 



 S38 

(Z)-3-(2-fluoro-3-(naphthalen-2-yl)allyl)-3-methyl-3H-indole (5h) 

 

31.5 mg, 50% yield, yellow oil, Rf = 0.4 (PE/EA = 6:1), 
1
H NMR (300 MHz, CDCl3) 

δ 8.22 (d, J = 2.5 Hz, 1H), 7.87 – 7.86 (m, 1H), 7.81 – 7.77 (m, 3H), 7.68 – 7.58 (m, 

2H), 7.49 – 7.41 (m, 2H), 7.40 – 7.34 (m, 2H), 7.31 – 7.29 (m, 1H), 5.65 (d, J = 38.5 

Hz, 1H), 2.83 – 2.59 (m, 2H), 1.47 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 178.1, 

157.3 (d, J = 268.0 Hz), 154.4, 142.8, 133.4, 132.5, 130.5 (d, J = 2.4 Hz), 128.3, 

128.1, 127.6, 127.5, 126.5, 126.4, 126.3, 126.1, 121.8, 121.5, 109.8 (d, J = 8.4 Hz), 

56.1 (d, J = 3.6 Hz), 39.9 (d, J = 26.9 Hz), 19.4 ppm; 
19

F NMR (282 MHz, CDCl3) δ 

-96.88 ppm; HRMS (ESI) m/z Calcd for [C22H18FN + H]+ 316.1496, found 

316.1495. 

 

 

(Z)-4a-(2-fluoro-3-(naphthalen-2-yl)allyl)-2,3,4,4a-tetrahydro-1H-carbazole (5i) 

 

44.0 mg, 62% yield, yellow solid, Rf = 0.4 (PE/EA = 2:1), m.p. 152 – 153 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.75 – 7.68 (m, 4H), 7.61 – 7.58 (m, 1H), 7.46 – 7.39 (m, 

3H), 7.37 – 7.29 (m, 2H), 7.18 (td, J = 7.4, 1.1 Hz, 1H), 5.33 (d, J = 38.8 Hz, 1H), 

3.03 – 2.90 (m, 2H), 2.75 – 2.61 (m, 2H), 2.56 – 2.48 (m, 1H), 2.26 – 2.20 (m, 1H), 

1.94 – 1.70 (m, 2H), 1.55 – 1.39 (m, 1H), 1.26 – 1.14 (m, 1H) ppm; 
13

C NMR (75 

MHz, CDCl3) δ 187.9, 157.3 (d, J = 267.5 Hz), 154.9, 143.7, 133.3, 132.4 (d, J = 1.6 

Hz), 130.6 (d, J = 2.8 Hz), 128.0, 128.0, 127.9, 127.5, 127.4 (d, J = 7.5 Hz), 126.5 (d, 

J = 7.5 Hz), 126.2, 125.9, 124.8, 122.4 (d, J = 1.8 Hz), 120.5, 109.3 (d, J = 8.3 Hz), 

56.8 (d, J = 3.0 Hz), 37.2, 36.9 (d, J = 26.0 Hz), 30.2, 29.0, 21.3 ppm; 
19

F NMR (282 

MHz, CDCl3) δ -97.19 ppm; HRMS (ESI) m/z Calcd for [C25H22FN + H]
+
 356.1809, 

found 356.1816. 

 

 

 

 

 

 



 S39 

(Z)-10a-(2-fluoro-3-(naphthalen-2-yl)allyl)-6,7,8,9,10,10a-hexahydrocyclohepta[b]i

ndole (5j) 

 

46.5 mg, 65% yield, yellow oil, Rf = 0.5 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.77 – 7.70 (m, 4H), 7.52 – 7.49 (m, 1H), 7.47 – 7.38 (m, 3H), 7.32 – 7.25 (m, 2H), 

7.20 – 7.15 (m, 1H), 5.32 (d, J = 38.5 Hz, 1H), 3.07 – 2.99 (m, 1H), 2.87 (dd, J = 22.3, 

14.4 Hz, 1H), 2.74 – 2.58 (m, 2H), 2.20 (dd, J = 14.2, 8.5 Hz, 1H), 2.13 – 2.02 (m, 

1H), 1.99 – 1.91 (m, 1H), 1.83 – 1.73 (m, 1H), 1.70 – 1.56 (m, 2H), 1.54 – 1.41 (m, 

1H), 0.77 – 0.64 (m, 1H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 190.1, 157.1 (d, J = 

267.5 Hz), 154.8, 142.7, 133.3, 132.4 (d, J = 1.7 Hz), 130.6 (d, J = 2.6 Hz), 128.1, 

128.0, 127.9, 127.5, 127.4 (d, J = 7.5 Hz), 126.5 (d, J = 7.4 Hz), 126.1, 125.9, 125.1, 

122.3, 120.0, 109.5 (d, J = 8.4 Hz), 61.2 (d, J = 3.3 Hz), 40.9 (d, J = 26.0 Hz), 34.6, 

31.6, 30.5, 28.9, 24.6 ppm; 
19

F NMR (282 MHz, CDCl3) δ -96.25 ppm; HRMS (ESI) 

m/z Calcd for [C26H24FN + H]
+
 370.1966, found 370.1977. 

 

 

(Z)-3-(2-fluoro-3-phenylallyl)-2,3-dimethyl-3H-indole (5k) 

 

28.0 mg, 50% yield, yellow oil, Rf = 0.6 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.53 (d, J = 8.3 Hz, 1H), 7.33 – 7.22 (m, 6H), 7.17 (td, J = 7.1, 3.9 Hz, 2H), 5.21 (d, 

J = 38.6 Hz, 1H), 2.82 (dd, J = 22.4, 14.7 Hz, 1H), 2.58 (dd, J = 20.4, 14.7 Hz, 1H), 

2.35 (s, 3H), 1.39 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.9, 156.8 (d, J = 

266.9 Hz), 154.2, 142.7, 133.1 (d, J = 2.4 Hz), 128.6, 128.5, 128.2, 127.2 (d, J = 2.3 

Hz), 125.2, 122.3, 120.2, 109.3 (d, J = 8.4 Hz), 56.7 (d, J = 2.4 Hz), 40.2 (d, J = 26.1 

Hz), 22.1, 16.1 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.60 ppm; HRMS (ESI) m/z 

Calcd for [C19H18FN + H]
+
 280.1496, found 280.1500. 

 

 

 

 

 

 



 S40 

(Z)-3-(2-fluoro-3-(4-methoxyphenyl)allyl)-2,3-dimethyl-3H-indole (5l) 

 

42.0 mg, 68% yield, yellow oil, Rf = 0.5 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.53 (d, J = 7.8 Hz, 1H), 7.33 – 7.24 (m, 4H), 7.18 (t, J = 7.4 Hz, 1H), 6.79 (d, J = 

8.3 Hz, 2H), 5.17 (d, J = 39.0 Hz, 1H), 3.77 (s, 3H), 2.81 (dd, J = 22.5, 14.7 Hz, 1H), 

2.56 (dd, J = 20.7, 14.7 Hz, 1H), 2.35 (s, 3H), 1.39 (s, 3H) ppm; 
13

C NMR (75 MHz, 

CDCl3) δ 186.1, 158.6 (d, J = 2.6 Hz), 155.5 (d, J = 264.1 Hz), 154.1, 142.8, 129.8 (d, 

J = 7.4 Hz), 128.1, 125.8 (d, J = 2.2 Hz), 125.2, 122.4, 120.2, 113.8, 108.7 (d, J = 8.8 

Hz), 56.7 (d, J = 3.4 Hz), 55.3, 40.2 (d, J = 26.3 Hz), 22.1, 16.1 ppm; 
19

F NMR (282 

MHz, CDCl3) δ -100.42 ppm; HRMS (ESI) m/z Calcd for [C20H20FNO + H]
+
 

310.1602, found 310.1607. 

 

 

(Z)-3-(2-fluoro-3-(3-methoxyphenyl)allyl)-2,3-dimethyl-3H-indole (5m) 

 

39.5 mg, 65% yield, yellow oil, Rf = 0.5 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.53 (d, J = 7.9 Hz, 1H), 7.33 – 7.25 (m, 2H), 7.21 – 7.14 (m, 2H), 6.88 – 6.86 (m, 

2H), 6.74 (d, J = 8.4 Hz, 1H), 5.19 (d, J = 38.4 Hz, 1H), 3.75 (s, 3H), 2.82 (dd, J = 

22.5, 14.6 Hz, 1H), 2.58 (dd, J = 20.4, 14.6 Hz, 1H), 2.35 (s, 3H), 1.39 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.8, 159.5, 156.9 (d, J = 267.5 Hz), 154.1, 142.6, 

134.3 (d, J = 2.3 Hz), 129.3, 128.1, 125.2, 122.3, 121.1 (d, J = 7.0 Hz), 120.1, 113.9 

(d, J = 8.1 Hz), 112.8, 109.2 (d, J = 7.8 Hz), 56.6 (d, J = 2.5 Hz), 55.2, 40.1 (d, J = 

26.1 Hz), 22.0, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -96.79 ppm; HRMS (ESI) 

m/z Calcd for [C20H20FNO + H]
+
 310.1602, found 310.1607. 

 

 

(Z)-3-(3-([1,1'-biphenyl]-4-yl)-2-fluoroallyl)-2,3-dimethyl-3H-indole (5n) 

 

50.0 mg, 70% yield, yellow solid, Rf = 0.5 (PE/EA = 2:1), m.p. 118 – 119 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.57 – 7.53 (m, 3H), 7.49 (d, J = 8.0 Hz, 2H), 7.43 – 7.36 

(m, 4H), 7.34 – 7.28 (m, 3H), 7.23 – 7.16 (m, 1H), 5.25 (d, J = 38.7 Hz, 1H), 2.84 (dd, 

J = 22.5, 14.6 Hz, 1H), 2.60 (dd, J = 20.4, 14.7 Hz, 1H), 2.36 (s, 3H), 1.40 (s, 3H) 

ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.8, 157.0 (d, J = 267.4 Hz), 154.2, 142.7, 
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140.7, 139.9 (d, J = 1.9 Hz), 132.1 (d, J = 2.5 Hz), 128.9, 128.8, 128.1, 127.4, 127.1, 

127.0, 125.2, 122.3, 120.2, 108.9 (d, J = 8.4 Hz), 56.6, 40.2 (d, J = 26.0 Hz), 22.0, 

16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.00 ppm; HRMS (ESI) m/z Calcd for 

[C25H22FN + H]
+
 356.1809, found 356.1814. 

 

 

(Z)-3-(3-(4-(tert-butyl)phenyl)-2-fluoroallyl)-2,3-dimethyl-3H-indole (5o) 

 

43.2 mg, 64% yield, yellow oil, Rf = 0.4 (PE/EA = 4:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.53 (d, J = 7.7 Hz, 1H), 7.32 – 7.24 (m, 6H), 7.17 (t, J = 7.4 Hz, 1H), 5.21 (d, J = 

39.0 Hz, 1H), 2.81 (dd, J = 22.6, 14.6 Hz, 1H), 2.57 (dd, J = 20.4, 14.6 Hz, 1H), 2.34 

(s, 3H), 1.39 (s, 3H), 1.28 (s, 9H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.9, 156.3 (d, 

J = 265.8 Hz), 154.1, 150.2 (d, J = 1.9 Hz), 142.7, 130.2 (d, J = 2.1 Hz), 128.2 (d, J = 

7.1 Hz), 128.0, 125.3, 125.1, 122.3, 120.1, 109.0 (d, J = 8.6 Hz), 56.6 (d, J = 2.2 Hz), 

40.1 (d, J = 26.3 Hz), 34.6, 31.3, 22.0, 16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ 

-98.36 ppm; HRMS (ESI) m/z Calcd for [C23H26FN + H]
+
 336.2122, found 336.2124. 

 

 

(Z)-4-(3-(2,3-dimethyl-3H-indol-3-yl)-2-fluoroprop-1-en-1-yl)-N,N-diphenylaniline (5p) 

 

73.6 mg, 82% yield, yellow oil, Rf = 0.5 (PE/EA = 2:1), 
1
H NMR (300 MHz, CDCl3) 

δ 7.54 (d, J = 7.2 Hz, 1H), 7.30 (td, J = 6.7, 6.0, 1.6 Hz, 2H), 7.22 – 7.15 (m, 6H), 

7.07 – 7.04 (m, 4H), 7.02 – 6.92 (m, 4H), 5.16 (d, J = 39.1 Hz, 1H), 2.82 (dd, J = 22.4, 

14.7 Hz, 1H), 2.58 (dd, J = 20.6, 14.7 Hz, 1H), 2.35 (s, 3H), 1.39 (s, 3H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 185.9, 155.8 (d, J = 265.8 Hz), 154.0, 147.5, 146.7 (d, J = 

2.1 Hz), 142.8, 129.4, 129.3, 128.1, 127.1 (d, J = 2.0 Hz), 125.2, 124.5, 123.3, 123.0, 

122.3, 120.1, 108.8 (d, J = 8.3 Hz), 56.7 (d, J = 2.6 Hz), 40.1 (d, J = 26.1 Hz), 22.0, 

16.0 ppm; 
19

F NMR (282 MHz, CDCl3) δ -99.09 ppm; HRMS (ESI) m/z Calcd for 

[C31H27FN2 + Na]
+
 469.2050, found 469.2049. 
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(Z)-4-(3-(2,3-dimethyl-3H-indol-3-yl)-2-fluoroprop-1-en-1-yl)benzonitrile (5q) 

 

31.5 mg, 52% yield, yellow oil, Rf = 0.4 (PE/EA = 2:1), 
 1

H NMR (300 MHz, CDCl3) 

δ 7.57 – 7.52 (m, 3H), 7.38 – 7.31 (m, 4H), 7.23 (td, J = 7.3, 1.1 Hz, 1H), 5.22 (d, J = 

37.6 Hz, 1H), 2.92 (dd, J = 23.1, 14.8 Hz, 1H), 2.72 (dd, J = 19.5, 14.7 Hz, 1H), 2.39 

(s, 3H), 1.44 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 185.4, 159.3 (d, J = 272.0 

Hz), 154.1, 142.2, 137.5 (d, J = 2.7 Hz), 132.1, 128.8 (d, J = 7.9 Hz), 128.3, 125.3, 

122.0, 120.2, 118.9, 110.3 (d, J = 2.6 Hz), 107.8 (d, J = 7.9 Hz), 56.6, 40.2 (d, J = 

25.5 Hz), 22.2, 15.9 ppm; 
19

F NMR (282 MHz, CDCl3) δ -92.44 ppm; HRMS (ESI) 

m/z Calcd for [C20H17FN2 + H]
+
 305.1449, found 305.1454. 

 

 

(8R,9S,13S,14S)-3-((Z)-3-(2,3-dimethyl-3H-indol-3-yl)-2-fluoroprop-1-en-1-yl)-13-

methyl-7,8,9,11,12,13,15,16-octahydro-6H-cyclopenta[a]phenanthren-17(14H)-one 

(5r) 

 

66.1 mg, 73% yield, yellow solid, Rf = 0.4 (PE/EA = 2:1), m.p. 156 – 158 C, 
1
H 

NMR (300 MHz, CDCl3) δ 7.52 (d, J = 7.4 Hz, 1H), 7.31 – 7.26 (m, 2H), 7.19 – 7.24 

(m, 2H), 7.11 – 7.06 (m, 2H), 5.17 (d, J = 39.0 Hz, 1H), 2.87 – 2.75 (m, 3H), 2.64 – 

2.44 (m, 2H), 2.34 (s, 3H), 2.26 – 1.91 (m, 6H), 1.64 – 1.42 (m, 6H), 1.38 (s, 3H), 

0.87 (s, 3H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 220.9, 185.9, 156.5 (d, J = 265.8 Hz), 

154.1, 142.7, 138.9, 136.5, 130.6 (d, J = 2.2 Hz), 129.0 (d, J = 7.0 Hz), 128.0, 126.0 

(d, J = 7.0 Hz), 125.4, 125.1, 122.3, 120.1, 108.9 (d, J = 8.5 Hz), 56.6, 50.4, 48.0, 

44.4, 40.1 (d, J = 25.9 Hz), 38.1, 35.9, 31.6, 29.4, 26.5, 25.7, 22.1, 21.6, 16.0, 13.8 

ppm;
 19

F NMR (282 MHz, CDCl3) δ -98.15 ppm; HRMS (ESI) m/z Calcd for 

[C31H34FNO + H]
+
 456.2697, found 456.2688. 
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(Z)-3a-(2-fluoro-3-(naphthalen-2-yl)allyl)-3,3a,8,8a-tetrahydro-2H-furo[2,3-b]indol

e (6a) 

 

55.2 mg, 80% yield, white solid, Rf = 0.5 (PE/EA = 9:1), m.p. 141 – 142 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.85 (d, J = 1.7 Hz, 1H), 7.81 – 7.75 (m, 3H), 7.58 (dd, J = 8.6, 

1.7 Hz, 1H), 7.48 – 7.40 (m, 2H), 7.12 – 7.04 (m, 2H), 6.73 (td, J = 7.5, 1.0 Hz, 1H), 

6.62 – 6.59 (m, 1H), 5.65 – 5.47 (m, 2H), 4.59 (s, 1H), 4.04 – 3.98 (m, 1H), 3.61 – 

3.53 (m, 1H), 2.93 – 2.68 (m, 2H), 2.43 – 2.33 (m, 1H), 2.30 – 2.23 (m, 1H) ppm; 
13

C 

NMR (75 MHz, CDCl3) δ 158.2 (d, J = 267.2 Hz), 149.4, 133.4, 132.4 (d, J = 1.7 Hz), 

131.0, 130.8 (d, J = 2.7 Hz), 128.6, 128.0 (d, J = 5.9 Hz), 127.6, 127.4 (d, J = 7.6 Hz), 

126.6 (d, J = 7.5 Hz), 126.2, 126.0, 124.1, 119.0, 109.7 (d, J = 8.3 Hz), 108.6, 97.8 (d, 

J = 2.2 Hz), 67.7, 57.0 (d, J = 3.6 Hz), 41.3, 41.0, 39.4 (d, J = 1.8 Hz) ppm; 
19

F NMR 

(282 MHz, CDCl3) δ -98.38 ppm; HRMS (ESI) m/z Calcd for [C23H20FNO + H]
+
 

346.1602, found 346.1605. 

 

 

(Z)-(3a-(2-fluoro-3-(naphthalen-2-yl)allyl)-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indol-

1(2H)-yl)(phenyl)methanone (6b) 

 

71.7 mg, 80% yield, white solid, Rf = 0.5 (PE/EA = 2:1), m.p. 190 – 191 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.87 (s, 1H), 7.80 – 7.76 (m, 3H), 7.61 (dd, J = 8.6, 1.7 Hz, 1H), 

7.50 – 7.30 (m, 7H), 7.15 – 7.10 (m, 2H), 6.75 (t, J = 7.4 Hz, 1H), 6.68 (d, J = 7.7 Hz, 

1H), 5.64 (s, 1H), 5.54 (d, J = 39.0 Hz, 1H), 3.60 – 3.54 (m, 1H), 3.38 – 3.22 (m, 1H), 

2.86 – 2.64 (m, 2H), 2.42 – 2.27 (m, 2H) ppm; 13
C NMR (75 MHz, CDCl3) δ 169.9, 

157.8 (d, J = 266.9 Hz), 149.4, 136.1, 133.4, 132.4 (d, J = 1.2 Hz), 130.7, 130.7, 

130.1, 128.9, 128.2, 128.0, 127.9, 127.5, 127.4, 127.1, 126.5 (d, J = 7.5 Hz), 126.1, 

125.9, 123.7, 118.9, 110.0 (d, J = 8.1 Hz), 109.5, 80.7, 55.2 (d, J = 4.0 Hz), 49.3, 40.7 
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(d, J = 26.0 Hz), 35.2 ppm; 
19

F NMR (282 MHz, CDCl3) δ -97.56 ppm; HRMS (ESI) 

m/z Calcd for [C30H25FN2O + H]
+
 449.2024, found 449.2020. 

 

 

(Z)-3a-(2-fluoro-3-(naphthalen-2-yl)allyl)-1-tosyl-1,2,3,3a,8,8a-hexahydropyrrolo[2

,3-b]indole (6c) 

 

80.7 mg, 81% yield, white solid, Rf = 0.5 (PE/EA = 4:1), m.p. 151 – 152 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.89 – 7.84 (m, 4H), 7.75 – 7.71 (m, 2H), 7.60 – 7.50 (m, 3H), 

7.18 (td, J = 7.6, 1.3 Hz, 1H), 7.12 – 7.09 (m, 3H), 6.82 (td, J = 7.4, 1.0 Hz, 1H), 6.75 

(d, J = 7.8 Hz, 1H), 5.57 (d, J = 39.1 Hz, 1H), 5.35 (s, 1H), 3.53 – 3.46 (m, 1H), 3.27 

– 3.18 (m, 1H), 2.70 (s, 1H), 2.62 (d, J = 2.2 Hz, 1H), 2.29 – 2.23 (m, 1H), 2.20 (s, 

3H), 2.12 – 2.02 (m, 1H) ppm; 
13

C NMR (75 MHz, CDCl3) δ 157.6 (d, J = 267.1 Hz), 

148.7, 143.6, 135.7, 133.4, 132.5, 130.6 (d, J = 2.5 Hz), 130.5, 129.8, 129.0, 128.1, 

128.0, 127.6, 127.5 (d, J = 7.8 Hz), 126.9, 126.5 (d, J = 7.7 Hz), 126.4, 126.2, 123.3, 

119.5, 110.3, 110.1, 82.5, 57.3 (d, J = 4.1 Hz), 47.9, 40.3 (d, J = 25.1 Hz), 34.8, 21.3 

ppm; 
19

F NMR (282 MHz, CDCl3) δ -96.81 – -97.11 (m, 1F) ppm; HRMS (ESI) m/z 

Calcd for [C30H27FN2O2S + H]
+
 499.1850, found 499.18479. 

 

 

(Z)-1-benzyl-3a-(2-fluoro-3-(naphthalen-2-yl)allyl)-3,3a,8,8a-tetrahydropyrrolo[2,3-

b]indol-2(1H)-one (6d) 

 

80.7 mg, 90% yield, white solid, Rf = 0.4 (PE/EA = 4:1), m.p. 79 – 80 C, 
1
H NMR 

(300 MHz, CDCl3) δ 7.79 – 7.74 (d, J = 8.2 Hz, 4H), 7.51 (dd, J = 8.6, 1.6 Hz, 1H), 

7.48 – 7.41 (m, 2H), 7.24 – 7.19 (m, 5H), 7.09 (dd, J = 11.1, 7.6 Hz, 2H), 6.81 (t, J = 

7.4 Hz, 1H), 6.55 (d, J = 7.8 Hz, 1H), 5.47 (d, J = 39.2 Hz, 1H), 5.13 (s, 1H), 4.81 (d, 

J = 15.2 Hz, 1H), 4.27 (d, J = 15.2 Hz, 1H), 3.09 – 2.88 (m, 2H), 2.77 – 2.58 (m, 2H) 

ppm; 
13

C NMR (75 MHz, CDCl3) δ 172.4, 157.2 (d, J = 266.6 Hz), 147.3, 136.2, 

133.6, 133.4, 132.5, 130.4 (d, J = 2.3 Hz), 129.2, 128.9, 128.1, 127.9, 127.7, 127.6, 
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127.6, 126.5, 126.4, 126.3, 126.1, 124.0, 120.5, 111.2, 110.4 (d, J = 8.1 Hz), 80.1 (d, J 

= 1.9 Hz), 77.3, 50.2 (d, J = 3.4 Hz), 43.8, 41.7 ppm; 
19

F NMR (282 MHz, CDCl3) δ 

-99.11 ppm; HRMS (ESI) m/z Calcd for [C30H25FN2O + H]
+
 449.2024, found 

449.2022.  
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11. X-ray Crystallography Data of 3l and 5a 

Procedure for recrystallization of compounds 3l and 5a: hexane was slowly added into the 

solution of target product in dichloromethane (with different concentration), then the 

dichloromethane was evaporated from the mixed solvent system at room temperature under 

dark and ventilated place, the crystals were obtained after a few days. 

 
Crystallographic Data of 3l 

 

CCDC number 1974934 

Bond precision C-C = 0.0030 A  Wavelength = 0.71073 

Cell A = 9.3789(4) b = 9.7180(3) c = 22.5084(9)  

alpha = 90 beta = 100.325(2) gamma = 90 

Temperature 170 K 

Volume  2018.29(13) 

Space group P 1 21/c 1 

Sum formula C27 H23 F O 

Mr  382.45 

Dx,g cm-3 1.259 

Z  4 

Mu (mm-1) 0.081 

F000 808.0 

h,k,lmax 11, 12, 28 

Nref 4068 

Tmin,Tmax 0.638, 0.745 

Correction method # Reported T Limits: Tmin = 0.638 Tmax = 0.745 

AbsCorr MULTI-SCAN 

Data completeness 0.983 

Theta(max) 26.392 

R(reflections) 0.0519( 2564) 

wR2(reflections) 0.1435( 4068) 

S 1.020 
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Crystallographic Data of 5a 

 

CCDC number 1974930 

Bond precision C-C = 0.0030 A  Wavelength = 0.71073 

Cell A = 23.0769(10) b = 6.4038(2) c = 24.0305(10) 

alpha=90 beta = 97.876(2) gamma = 90 

Temperature 170 K 

Volume  3517.7(2) 

Space group C 1 2/c 1 

Sum formula C23 H20 F N 

Mr  329.40 

Dx,g cm-3 1.244 

Z  8 

Mu (mm-1) 0.079 

F000 1392.0 

h,k,lmax 28,8,30 

Nref 3570 

Tmin,Tmax 0.684,0.745 

Correction method # Reported T Limits: Tmin = 0.684 Tmax = 0.745 

AbsCorr MULTI-SCAN 

Data completeness 0.993 

Theta(max) 26.424 

R(reflections) 0.0503( 2367) 

wR2(reflections) 0.1235( 3570) 

S 1.035 
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13. NMR Copies of Substrates and Products  
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