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General Information. Ethyl acetate (ACS grade), hexanes (ACS grade), 

anhydrous DMF (ACS grade) and anhydrous MeOH (ACS grade) were obtained 

commercially and used without further purification. Methylene chloride, 

tetrahydrofuran and diethyl ether were purified according to standard methods unless 

otherwise noted. Commercially available reagents were used without further 

purification. Reactions were monitored by thin layer chromatography (TLC) using 

silicycle pre-coated silica gel plates. Flash column chromatography was performed 

over silica gel (300-400 mesh). Infrared spectra were recorded on a Nicolet AVATER 

FTIR330 spectrometer as thin film and are reported in reciprocal centimeter (cm-1). 

Mass spectra were recorded with Micromass QTOF2 Quadrupole/Time-of-Flight 

Tandem mass spectrometer using electron spray ionization. 

1H NMR spectra were recorded on a Bruker AV-400 spectrometer and a Bruker 

AV-500 spectrometer in chloroform-d3. Chemical shifts are reported in ppm with the 

internal TMS signal at 0.0 ppm as a standard. The data is being reported as (s = 

singlet, d = doublet, t = triplet, m = multiplet or unresolved, brs = broad singlet, 

coupling constant(s) in Hz, integration). 

13C NMR spectra were recorded on on a Bruker AV-400 spectrometer and a Bruker 

AV-500 spectrometer in chloroform-d3. Chemical shifts are reported in ppm with the 

internal chloroform signal at 77.0 ppm as a standard. 

  



 

More Reaction Condition Studies 
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Compounds 1a-1m were prepared according to the following procedures and their 

data were reported in our previous work.1  

 

 

Compounds 5a-5e and 7a were reported in our previous work.1e,1f, 2 

 

 

(S)-4-methyl-N-(undec-1-yn-4-yl)benzenesulfonamide (1a) 

 



 

 

1a 

98% ee (determined by HPLC: Chiralcel AS-H Column, 5/95 i-PrOH/hexane, 1.0 

mL/min, 200 nm, 25 oC; tR = 42.87 min (major), 53.41 min (minor)). 

 

(S)-4-methyl-N-(1-phenylhex-5-yn-3-yl)benzenesulfonamide (1b) 

 

 

1b 

97% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 36.35 min (minor), 42.13 min (major)). 

 

(R)-N-(1-cyclohexylbut-3-yn-1-yl)-4-methylbenzenesulfonamide (1c) 

 

 

1c 

98% ee (determined by HPLC: Chiralcel IC Column, 5/95 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 51.58 min (minor), 56.19 min (major)). 

 

(R)-4-methyl-N-(1-phenylbut-3-yn-1-yl)benzenesulfonamide (1d) 

 

 

1d 



 

99% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 50.11 min (major), 53.24 min (minor)). 

 

(R)-4-methyl-N-(1-(p-tolyl)but-3-yn-1-yl)benzenesulfonamide (1e) 

 

 

1e 

98% ee (determined by HPLC: Chiralcel AS-H Column, 20/80 i-PrOH/hexane, 1.0 

mL/min, 200  nm, 25 oC; tR = 24.31 min (major), 31.91 min (minor)). 

 

(R)-N-(1-(4-fluorophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1f) 

 

 

1f 

98% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 41.83 min (major), 45.73 min (minor)). 

 

(R)-N-(1-(4-chlorophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1g) 

 

 

1g 

98% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 41.91 min (major), 47.45 min (minor)). 

 



 

(R)-N-(1-(4-bromophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1h) 

 

 

1h 

98% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 43.18 min (major), 48.67 min (minor)). 

 

(R)-N-(1-(4-methoxyphenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1i) 

 

 

1i 

99% ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 

mL/min, 200 nm, 25 oC; tR = 52.71 min (minor), 57.76 min (major)). 

 

(R)-N-(1-(2-bromophenyl)but-3-yn-1-yl)-4-methylbenzenesulfonamide (1j) 

 

HN
Ts

Br  
1j 

96% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 49.12 min (major), 76.79 min (minor)). 

 

(R)-4-methyl-N-(1-(naphthalen-1-yl)but-3-yn-1-yl)benzenesulfonamide (1k) 

 



 

 

1k 

99% ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 0.6 

mL/min, 200 nm, 25 oC; tR = 57.13 min (major), 77.93 min (minor)). 

 

(S)-4-bromo-N-(undec-1-yn-4-yl)benzenesulfonamide (1l) 

 

 

1l 

97% ee (determined by HPLC: Chiralcel IB Column, 5/95 i-PrOH/hexane, 1.0 

mL/min, 200 nm, 25 oC; tR = 16.27 min (minor), 17.81 min (major)). 

 

(S)-N-(undec-1-yn-4-yl)benzenesulfonamide (1m) 

 

 

1m 

98% ee (determined by HPLC: Chiralcel AS-H Column, 5/95 i-PrOH/hexane, 1.0 

mL/min, 200 nm, 25 oC; tR = 37.79 min (major), 46.33 min (minor)). 

 

 

 

 

 

General procedure for the synthesis of dihydro-1H-pyrrole 3:  



 

Chiral homopropargyl amide 1 (0.20 mmol), aryldiazonium salt 2 (1.6 mmol, 8.0 eq.), 

[Ru(bpy)3](PF6)2 (4.0 mg, 2.5 mol %) and Ph3PAuCl (20 mg, 20 mol %) were added 

to a flame-dried Schlenk flask containing a stirring bar and purged by evacuating the 

flask and backfilling with argon three times. In the absence of light, anhydrous 

DMF/MeOH: 9/1 (2.0 mL, 0.10 M) was added and the flask was sealed. The mixture 

was then stirred under irradiation from 13 W white LED. The reaction mixture was 

stirred at room temperature and the progress of the reaction was monitored by TLC. 

The reaction typically took 2 h. Upon completion, the mixture was then concentrated 

and the residue was purified by chromatography on silicagel (eluent: hexanes/ethyl 

acetate) to afford the desired dihydro-1H-pyrrole 3. 

 

(S)-2-heptyl-4,5-diphenyl-1-tosyl-2,3-dihydro-1H-pyrrole (3a) 

 

 

3a 

Compound 3a was prepared in 65% yield (61.6 mg) according to the general 

procedure (Table 2, entry 1). Pale yellow oil. [α]D 20 = +122.2º (c = 1.0, CHCl3). 98% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 5.99 min (minor), 9.35 min (major)). 1H NMR (500 MHz, CDCl3) 

δ 7.61 (d, J = 8.0 Hz, 2H), 7.38 – 7.32 (m, 2H), 7.31 – 7.23 (m, 5H), 7.15 – 7.07 (m, 

3H), 6.90 – 6.74 (m, 2H), 4.34 – 4.21 (m, 1H), 2.71 (dd, J = 15.5, 8.5 Hz, 1H), 2.45 (s, 

3H), 2.02 (d, J = 15.5 Hz, 1H), 1.89 – 1.76 (m, 1H), 1.67 – 1.47 (m, 3H), 1.44 – 1.20 

(m, 8H), 0.89 (t, J = 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 143.5, 136.5, 135.9, 

135.3, 132.9, 129.7, 129.3, 128.4, 128.0, 127.9, 127.6, 127.0, 126.9, 126.7, 61.1, 39.5, 

36.2, 31.8, 29.5, 29.2, 25.1, 22.6, 21.6, 14.0; IR (neat): 3056, 2925 (s), 2854, 1598, 

1445, 1356, 1168, 696; HRESIMS Calcd for [C30H35NNaO2S]+ (M + Na+) 496.2281, 

found 496.2292. 



 

 

4-methyl-N-(1-phenylundec-1-yn-4-yl)benzenesulfonamide (4a) 

 

 

4a 

Yellow solid (mp 55-57 oC). 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.5 Hz, 2H), 

7.42 – 7.32 (m, 2H), 7.32 – 7.23 (m, 5H), 4.72 (d, J = 8.5 Hz, 1H), 3.45 – 3.36 (m, 

1H), 2.54 – 2.48 (m, 2H), 2.40 (s, 3H), 1.63 – 1.51 (m, 2H), 1.33 – 1.10 (m, 10H), 

0.86 (t, J = 7.2 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 143.3, 138.0, 131.6, 129.6, 

128.2, 128.0, 127.0, 123.1, 84.8, 83.4, 52.2, 34.3, 31.6, 29.1, 29.0, 25.9, 25.5, 22.6, 

21.4, 14.0; IR (neat): 3279, 2856, 1327, 1161, 1094, 756, 666; HRESIMS Calcd for 

[C24H31NNaO2S]+ (M + Na+) 420.1968, found 420.1967.  

 

(S)-2-heptyl-4,5-di-p-tolyl-1-tosyl-2,3-dihydro-1H-pyrrole (3b) 

 

 
3b 

Compound 3b was prepared in 67% yield (67.2 mg) according to the general 

procedure (Table 2, entry 2). Pale yellow oil. [α]D 20 = +81.0º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 5.93 min (minor), 12.03 min (major)). 1H NMR (400 MHz, 

CDCl3) δ 7.65 – 7.57 (m, 2H), 7.32 – 7.21 (m, 4H), 7.10 (d, J = 7.8 Hz, 2H), 6.93 (d, 

J = 8.0 Hz, 2H), 6.78 – 6.69 (m, 2H), 4.28 – 4.16 (m, 1H), 2.65 (dd, J = 15.6, 8.4 Hz, 

1H), 2.45 (s, 3H), 2.36 (s, 3H), 2.25 (s, 3H), 1.96 (dd, J = 15.6, 1.2 Hz, 1H), 1.86 – 

1.75 (m, 1H), 1.63 – 1.47 (m, 3H), 1.37 – 1.24 (m, 8H), 0.89 (t, J = 6.8 Hz, 3H); 13C 

NMR (125 MHz, CDCl3) δ 143.3, 138.1, 136.4, 136.0, 135.4, 133.1, 130.1, 129.6, 



 

129.2, 128.7, 128.6, 127.6, 126.9, 126.3, 61.0, 39.4, 36.1, 31.8, 29.5, 29.2, 25.1, 22.6, 

21.6, 21.4, 21.1, 14.1; IR (neat): 3025, 2925 (s), 2855, 1356, 1168, 1090, 814; 

HRESIMS Calcd for [C32H39NNaO2S]+ (M + Na+) 524.2594, found 524.2610. 

 

(S)-4,5-bis(4-fluorophenyl)-2-heptyl-1-tosyl-2,3-dihydro-1H-pyrrole (3c) 

 

 

3c 

Compound 3c was prepared in 72% yield (73.4 mg) according to the general 

procedure (Table 2, entry 3). Pale yellow oil. [α]D 20 = +118.8º (c = 1.0, CHCl3). 97% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 6.79 min (minor), 10.51 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.55 (d, J = 8.0 Hz, 2H), 7.30 – 7.20 (m, 4H), 6.99 – 6.91 (m, 2H), 6.83 – 

6.71 (m, 4H), 4.31 – 4.20 (m, 1H), 2.68 (dd, J = 15.5, 8.5 Hz, 1H), 2.42 (s, 3H), 1.97 

(dd, J = 15.5, 1.0 Hz, 1H), 1.82 – 1.72 (m, 1H), 1.63 – 1.43 (m, 3H), 1.40 – 1.20 (m, 

8H), 0.87 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 162.6 (d, J = 246.2 Hz), 

161.4 (d, J = 245.0 Hz), 143.7, 135.6, 135.3, 131.7 (d, J = 2.5 Hz), 131.5 (d, J = 8.7 

Hz), 129.4, 128.8 (d, J = 8.8 Hz), 128.7 (d, J = 3.7 Hz), 127.6, 125.9, 115.2 (d, J = 

21.2 Hz), 115.1 (d, J = 21.2 Hz), 61.0, 39.4, 36.2, 31.8, 29.5, 29.2, 25.1, 22.6, 21.6, 

14.0; IR (neat): 2927 (s), 2855, 1505, 1512, 1357, 1232, 1169, 835; HRESIMS Calcd 

for [C30H33F2NNaO2S]+ (M + Na+) 532.2092, found 532.2109. 

 

(S)-4,5-bis(4-chlorophenyl)-2-heptyl-1-tosyl-2,3-dihydro-1H-pyrrole (3d) 

 



 

 

3d 

Compound 3d was prepared in 54% yield (58.6 mg) according to the general 

procedure (Table 2, entry 4). Pale yellow oil. [α]D 20 = +127.0º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 6.55 min (minor), 10.66 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 7.29 – 7.18 (m, 6H), 7.10 – 7.04 (m, 2H), 6.74 – 

6.66 (m, 2H), 4.32 – 4.19 (m, 1H), 2.68 (dd, J = 15.5, 8.5 Hz, 1H), 2.43 (s, 3H), 1.97 

(dd, J = 15.5, 1.0 Hz, 1H), 1.82 – 1.73 (m, 1H), 1.61 – 1.45 (m, 3H), 1.39 – 1.21 (m, 

8H), 0.87 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 143.8, 136.0, 135.2, 

134.5, 134.0, 132.7, 131.1, 131.0, 129.4, 128.5, 128.4, 128.3, 127.6, 126.3, 61.1, 39.4, 

36.2, 31.8, 29.4, 29.2, 25.1, 22.6, 21.6, 14.0; IR (neat): 2925 (s), 2854, 1494, 1357, 

1167, 1091, 1013, 829; HRESIMS Calcd for [C30H33Cl2NNaO2S]+ (M + Na+) 

564.1501, found 564.1522. 

 

(S)-4,5-bis(4-bromophenyl)-2-heptyl-1-tosyl-2,3-dihydro-1H-pyrrole (3e) 

 

 

3e 

Compound 3e was prepared in 55% yield (69.5 mg) according to the general 

procedure (Table 2, entry 5). Pale yellow oil. [α]D 20 = +74.9º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 



 

254 nm, 25 oC; tR = 7.14 min (minor), 11.77 min (major)). 1H NMR (400 MHz, 

CDCl3) δ 7.56 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.33 – 7.15 (m, 6H), 6.67 

(d, J = 8.4 Hz, 2H), 4.35 – 4.18 (m, 1H), 2.70 (dd, J = 15.6, 8.8 Hz, 1H), 2.45 (s, 3H), 

1.99 (d, J = 15.6 Hz, 1H), 1.87 – 1.71 (m, 1H), 1.67 – 1.46 (m, 3H), 1.42 – 1.21 (m, 

8H), 0.89 (t, J = 6.4 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 143.8, 136.1, 135.2, 

134.5, 131.5, 131.4, 131.3, 131.3, 129.4, 128.6, 127.6, 126.4, 122.8, 120.8, 61.1, 39.4, 

36.2, 31.8, 29.4, 29.2, 25.0, 22.6, 21.6, 14.1; IR (neat): 2924 (s), 2853, 1358, 1167, 

1089, 1009, 580; HRESIMS Calcd for [C30H33Br2NNaO2S]+ (M + Na+) 652.0491, 

found 652.0531. 

 

(S)-4,5-bis(4-fluorophenyl)-2-phenethyl-1-tosyl-2,3-dihydro-1H-pyrrole (3g) 

 

 

3g 

Compound 3g was prepared in 56% yield (57.7 mg) according to the general 

procedure (Table 2, entry 7). Pale yellow oil. [α]D 20 = +90.3º (c = 1.0, CHCl3). 98% 

ee (determined by HPLC: Chiralcel AD-H Column, 8/92 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 10.88 min (minor), 16.87 min (major)). 1H NMR (400 MHz, 

CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.37 – 7.25 (m, 8H), 7.24 – 7.18 (m, 1H), 7.03 – 

6.94 (m, 2H), 6.88 – 6.74 (m, 4H), 4.40 – 4.30 (m, 1H), 3.02 – 2.83 (m, 2H), 2.74 (dd, 

J = 15.6, 8.8 Hz, 1H), 2.47 (s, 3H), 2.25 – 2.11 (m, 1H), 2.04 (dd, J = 15.6, 1.2 Hz, 

1H), 1.98 – 1.86 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 162.6 (d, J = 246.2 Hz), 

161.5 (d, J = 246.2 Hz), 143.8, 141.6, 135.6, 135.0, 131.5 (d, J = 8.2 Hz), 129.4, 

128.7 (d, J = 7.9 Hz), 128.6 (d, J = 3.5 Hz), 128.4, 127.6, 126.0, 125.9, 115.3 (d, J = 

21.2 Hz), 115.2 (d, J = 21.2 Hz), 60.6, 39.6, 37.9, 31.5, 21.6; IR (neat): 2925, 2853, 



 

1601, 1512, 1504, 1355, 1168, 835; HRESIMS Calcd for [C31H27F2NNaO2S]+ (M + 

Na+) 538.1623, found 538.1617. 

 

(R)-2-cyclohexyl-4,5-bis(4-fluorophenyl)-1-tosyl-2,3-dihydro-1H-pyrrole (3h) 

 

 

3h 

Compound 3h was prepared in 74% yield (73.1 mg) according to the general 

procedure (Table 2, entry 8). Pale yellow oil. [α]D 20 = +112.5º (c = 1.0, CHCl3). 97% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 9.27 min (minor), 15.05 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.58 (d, J = 8.0 Hz, 2H), 7.34 – 7.27 (m, 4H), 6.97 (t, J = 8.5 Hz, 2H), 6.83 

(t, J = 8.5 Hz, 2H), 6.78 – 6.72 (m, 2H), 4.12 – 4.01 (m, 1H), 2.60 (dd, J = 16.0, 9.0 

Hz, 1H), 2.46 (s, 3H), 2.12 (d, J = 16.0 Hz, 1H), 1.90 – 1.75 (m, 4H), 1.74 – 1.61 (m, 

2H), 1.30 – 1.12 (m, 5H); 13C NMR (125 MHz, CDCl3) δ 162.6 (d, J = 247.5 Hz), 

161.5 (d, J = 246.2 Hz), 143.7, 136.3, 135.1, 131.6 (d, J = 3.5 Hz), 131.4 (d, J = 8.1 

Hz), 129.3, 128.7 (d, J = 7.9 Hz), 128.5 (d, J = 3.4 Hz), 127.6, 126.6, 115.2 (d, J = 

21.2 Hz), 115.1 (d, J = 21.2 Hz), 65.4, 43.2, 36.8, 28.5, 28.1, 26.4, 26.1, 26.0, 21.6; 

IR (neat): 2926 (s), 2853, 1600, 1512, 1504, 1357, 1232, 1169, 834; MS (ESI, m/z) 

516 (M + Na+); HRESIMS Calcd for [C29H29F2NNaO2S]+ (M + Na+) 516.1779, found 

516.1793. 

 

(R)-4,5-bis(4-fluorophenyl)-2-phenyl-1-tosyl-2,3-dihydro-1H-pyrrole (3i) 

 



 

 

3i 

Compound 3i was prepared in 69% yield (67.3 mg) according to the general 

procedure (Table 2, entry 9). Yellow solid (mp 169-172 oC). [α]D 20 = +206.3º (c = 1.0, 

CHCl3). 99% ee (determined by HPLC: Chiralcel AD-H Column, 10/90 

i-PrOH/hexane, 1.0 mL/min, 254 nm, 25 oC; tR = 13.71 min (minor), 17.38 min 

(major)). 1H NMR (500 MHz, CDCl3) δ 7.56 – 7.48 (m, 4H), 7.39 (t, J = 7.5 Hz, 2H), 

7.34 – 7.23 (m, 5H), 6.97 (t, J = 8.5 Hz, 2H), 6.80 (d, J = 7.0 Hz, 4H), 5.44 (d, J = 2.0 

Hz, 1H), 3.26 (dd, J = 16.0, 10.0 Hz, 1H), 2.54 (dd, J = 16.0, 1.5 Hz, 1H), 2.45 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 162.8 (d, J = 247.5 Hz), 161.5 (d, J = 246.2 Hz), 

143.9, 142.5, 136.1, 135.5, 131.8 (d, J = 8.2 Hz), 131.1 (d, J = 3.5 Hz), 129.5, 128.8, 

128.7 (d, J = 7.9 Hz), 128.1 (d, J = 3.4 Hz), 127.7, 127.6, 125.8, 124.4, 115.3 (d, J = 

21.2 Hz), 115.2 (d, J = 22.5 Hz), 62.6, 41.6, 21.6; IR (neat): 2961, 2924, 1512, 1504, 

1356, 1168, 1090, 835; HRESIMS Calcd for [C29H23F2NNaO2S]+ (M + Na+) 

510.1310, found 510.1324. 

 

(R)-4,5-bis(4-fluorophenyl)-2-(p-tolyl)-1-tosyl-2,3-dihydro-1H-pyrrole (3j) 

 

 

3j 

Compound 3j was prepared in 65% yield (65.2 mg) according to the general 

procedure (Table 2, entry 10). Pale yellow oil. [α]D 20 = +300.6º (c = 1.0, CHCl3). 97% 



 

ee (determined by HPLC: Chiralcel AD-H Column, 2/98 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 36.93 min (minor), 45.18 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.56 (d, J = 8.5 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.34 – 7.27 (m, 4H), 7.20 

(d, J = 8.0 Hz, 2H), 7.02 – 6.94 (m, 2H), 6.81 (d, J = 7.0 Hz, 4H), 5.41 (d, J = 8.5 Hz, 

1H), 3.23 (dd, J = 15.5, 9.5 Hz, 1H), 2.53 (dd, J = 15.5, 2.0 Hz, 1H), 2.46 (s, 3H), 

2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 162.7 (d, J = 245.0 Hz), 161.5 (d, J = 

246.2 Hz), 143.8, 139.6, 137.4, 136.0, 135.5, 131.7 (d, J = 8.2 Hz), 131.1 (d, J = 3.4 

Hz), 129.4, 129.3, 128.7 (d, J = 7.9 Hz), 128.2 (d, J = 3.4 Hz), 127.6, 125.7, 124.6, 

115.3 (d, J = 21.2 Hz), 115.2 (d, J = 21.2 Hz), 62.5, 41.5, 21.6, 21.0; IR (neat): 2924, 

2853, 1600, 1512, 1504, 1357, 1232, 1167, 1090, 836; HRESIMS Calcd for 

[C30H25F2NNaO2S]+ (M + Na+) 524.1466, found 524.1485. 

 

(R)-2,4,5-tris(4-fluorophenyl)-1-tosyl-2,3-dihydro-1H-pyrrole (3k) 

 

 

3k 

Compound 3k was prepared in 88% yield (89.0 mg) according to the general 

procedure (Table 2, entry 11). Pale yellow oil. [α]D 20 = +161.8º (c = 1.0, CHCl3). 99% 

ee (determined by HPLC: Chiralcel AD-H Column, 2/98 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 15.67 min (minor), 17.37 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.51 (d, J = 8.0 Hz, 2H), 7.48 – 7.40 (m, 2H), 7.31 – 7.20 (m, 4H), 7.04 (t, J 

= 8.5 Hz, 2H), 6.95 (t, J = 8.5 Hz, 2H), 6.83 – 6.74 (m, 4H), 5.38 (d, J = 9.0 Hz, 1H), 

3.21 (dd, J = 16.0, 9.5 Hz, 1H), 2.48 (dd, J = 16.0, 1.5 Hz, 1H), 2.42 (s, 3H); 13C 

NMR (125 MHz, CDCl3) δ 162.8 (d, J = 247.5 Hz), 162.2 (d, J = 243.7 Hz), 161.5 (d, 

J = 246.2 Hz), 144.0, 138.3 (d, J = 3.2 Hz), 135.9, 135.3, 134.1, 131.7 (d, J = 8.2 Hz), 

130.9 (d, J = 3.4 Hz), 129.5, 128.7 (d, J = 7.9 Hz), 127.9 (d, J = 3.4 Hz), 127.6 (d, J = 



 

7.5 Hz), 127.5, 124.3, 115.6 (d, J = 21.5 Hz), 115.3 (d, J = 22.5 Hz), 115.2 (d, J = 

21.2 Hz), 62.0, 41.4, 21.5; IR (neat): 2961, 2924, 1512, 1504, 1356, 1168, 1090, 835; 

HRESIMS Calcd for [C29H22F3NNaO2S]+ (M + Na+) 528.1216, found 528.1228. 

 

(R)-2-(4-chlorophenyl)-4,5-bis(4-fluorophenyl)-1-tosyl-2,3-dihydro-1H-pyrrole 

(3l) 

 

 

3l 

Compound 3l was prepared in 89% yield (92.9 mg) according to the general 

procedure (Table 2, entry 12). Pale yellow oil. [α]D 20 = +146.1º (c = 1.0, CHCl3). 97% 

ee (determined by HPLC: Chiralcel AD-H Column, 2/98 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 41.99 min (minor), 51.21 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H), 

7.31 – 7.25 (m, 4H), 6.98 (t, J = 8.5 Hz, 2H), 6.86 – 6.77 (m, 4H), 5.41 (d, J = 8.5 Hz, 

1H), 3.25 (dd, J = 16.0, 9.5 Hz, 1H), 2.50 (dd, J = 16.0, 1.5 Hz, 1H), 2.46 (s, 3H); 13C 

NMR (125 MHz, CDCl3) δ 162.8 (d, J = 247.5 Hz), 161.5 (d, J = 246.2 Hz), 144.0, 

141.0, 136.0, 135.3, 133.5, 131.8 (d, J = 8.3 Hz), 130.8 (d, J = 3.4 Hz), 129.5, 128.9, 

128.7 (d, J = 7.9 Hz), 127.9 (d, J = 3.5 Hz), 127.6, 127.3, 124.2, 115.3 (d, J = 22.5 

Hz), 115.2 (d, J = 21.2 Hz), 62.0, 41.4, 21.6; IR (neat): 2925, 2853, 1600, 1512, 1505, 

1357, 1232, 1168, 1089, 835; HRESIMS Calcd for [C29H22ClF2NNaO2S]+ (M + Na+) 

544.0920, found 544.0940. 

 

(R)-2-(4-bromophenyl)-4,5-bis(4-fluorophenyl)-1-tosyl-2,3-dihydro-1H-pyrrole 

(3m) 

 



 

 

3m 

Compound 3m was prepared in 87% yield (98.6 mg) according to the general 

procedure (Table 2, entry 13). Pale yellow oil. [α]D 20 = +123.0º (c = 1.0, CHCl3). 98% 

ee (determined by HPLC: Chiralcel IB Column, 8/92 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 18.76 min (major)), 21.28 min (minor). 1H NMR (500 MHz, 

CDCl3) δ 7.59 – 7.47 (m, 4H), 7.38 (d, J = 8.5 Hz, 2H), 7.33 – 7.22 (m, 4H), 6.97 (t, J 

= 8.5 Hz, 2H), 6.86 – 6.74 (m, 4H), 5.38 (d, J = 8.5 Hz, 1H), 3.24 (dd, J = 16.0, 9.5 

Hz, 1H), 2.48 (dd, J = 16.0, 1.5 Hz, 1H), 2.45 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 

162.8 (d, J = 247.5 Hz), 161.5 (d, J = 246.2 Hz), 144.1, 141.5, 135.9, 135.3, 131.8, 

131.7 (d, J = 8.2 Hz), 130.8 (d, J = 3.5 Hz), 129.5, 128.7 (d, J = 7.9 Hz), 127.8 (d, J = 

3.5 Hz), 127.6, 127.5, 124.2, 121.6, 115.3 (d, J = 21.2 Hz), 115.2 (d, J = 22.5 Hz), 

62.0, 41.3, 21.6; IR (neat): 2925, 2854, 1512, 1505, 1357, 1232, 1168, 1089, 836; 

HRESIMS Calcd for [C29H22BrF2NNaO2S]+ (M + Na+) 588.0415, found 588.0441. 

 

(R)-4,5-bis(4-fluorophenyl)-2-(4-methoxyphenyl)-1-tosyl-2,3-dihydro-1H-pyrrole 

(3n) 

 

N

Ts
F

F

MeO

 

3n 

Compound 3n was prepared in 63% yield (65.2 mg) according to the general 

procedure (Table 2, entry 14). Pale yellow oil. [α]D 20 = +157.8º (c = 1.0, CHCl3). 97% 



 

ee (determined by HPLC: Chiralcel IA Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 21.43 min (minor), 24.13 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.32 – 7.23 (m, 4H), 7.01 

– 6.89 (m, 4H), 6.80 (d, J = 7.0 Hz, 4H), 5.38 (d, J = 8.5 Hz, 1H), 3.80 (s, 3H), 3.20 

(dd, J = 16.0, 9.5 Hz, 1H), 2.51 (dd, J = 16.0, 1.5 Hz, 1H), 2.44 (s, 3H); 13C NMR 

(125 MHz, CDCl3) δ 162.7 (d, J = 247.5 Hz), 161.5 (d, J = 247.5 Hz), 159.1, 143.8, 

135.9, 135.5, 134.6, 131.7 (d, J = 8.2 Hz), 131.1 (d, J = 3.4 Hz), 129.4, 128.7 (d, J = 

7.9 Hz), 128.2 (d, J = 3.5 Hz), 127.5, 127.1, 124.6, 115.3 (d, J = 21.2 Hz), 115.2 (d, J 

= 21.2 Hz), 114.1, 62.2, 55.2, 41.4, 21.5; IR (neat): 2925, 2853, 1600, 1512, 1356, 

1248, 1233, 1167, 1089, 836; HRESIMS Calcd for [C30H25F2NNaO3S]+ (M + Na+) 

540.1415, found 540.1426. 

 

(R)-2-(2-bromophenyl)-4,5-bis(4-fluorophenyl)-1-tosyl-2,3-dihydro-1H-pyrrole 

(3o) 

 

 

3o 

Compound 3o was prepared in 88% yield (99.7 mg) according to the general 

procedure (Table 2, entry 15). Pale yellow oil. [α]D 20 = +260.0º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralcel IC Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 31.51 min (minor), 34.48 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.83 – 7.76 (m, 1H), 7.59 (d, J = 8.0 Hz, 3H), 7.48 – 7.38 (m, 3H), 7.32 (d, 

J = 8.0 Hz, 2H), 7.22 – 7.15 (m, 1H), 7.05 (t, J = 8.5 Hz, 2H), 6.83 – 6.73 (m, 4H), 

5.69 (dd, J = 10.0, 2.5 Hz, 1H), 3.40 (dd, J = 16.0, 10.5 Hz, 1H), 2.48 (s, 3H), 2.33 

(dd, J = 16.0, 2.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 162.9 (d, J = 247.5 Hz), 

161.5 (d, J = 246.2 Hz), 144.1, 141.9, 136.3, 134.9, 133.0, 131.9 (d, J = 8.2 Hz), 



 

130.9 (d, J = 3.4 Hz), 129.6, 129.0, 128.8 (d, J = 7.9 Hz), 128.0 (d, J = 3.5 Hz), 127.8, 

127.7, 126.8, 123.6, 121.6, 115.4 (d, J = 21.7 Hz), 115.2 (d, J = 21.5 Hz), 62.2, 42.3, 

21.6; IR (neat): 2924, 2853, 1600, 1512, 1504, 1360, 1232, 1170, 1089, 836; 

HRESIMS Calcd for [C29H22BrF2NNaO2S]+ (M + Na+) 588.0415, found 588.0436. 

 

(R)-4,5-bis(4-fluorophenyl)-2-(naphthalen-1-yl)-1-tosyl-2,3-dihydro-1H-pyrrole 

(3p) 

 

 

3p 

Compound 3p was prepared in 55% yield (59.1 mg) according to the general 

procedure (Table 2, entry 16). Pale yellow oil. [α]D 20 = +280.0º (c = 1.0, CHCl3). 98% 

ee (determined by HPLC: Chiralcel IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 24.33 min (minor), 29.11 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.97 (d, J = 7.0 Hz, 1H), 7.93 – 7.86 (m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.63 

– 7.45 (m, 7H), 7.31 (d, J = 8.0 Hz, 2H), 7.04 (t, J = 8.5 Hz, 2H), 6.81 – 6.69 (m, 4H), 

6.18 (dd, J = 10.0, 1.5 Hz, 1H), 3.57 (dd, J = 16.0, 10.5 Hz, 1H), 2.50 (dd, J = 16.0, 

2.5 Hz, 1H), 2.48 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 162.9 (d, J = 247.5 Hz), 

161.5 (d, J = 246.2 Hz), 144.0, 137.8, 136.4, 135.5, 134.2, 132.0 (d, J = 8.2 Hz), 

131.0 (d, J = 3.4 Hz), 129.6, 129.5, 129.2, 128.7 (d, J = 7.9 Hz), 128.1, 127.7, 126.2, 

125.6, 125.5, 124.5, 122.7, 122.4, 115.4 (d, J = 21.7 Hz), 115.1 (d, J = 21.5 Hz), 60.1, 

42.8, 21.6; IR (neat): 3059, 2926, 2853, 1600, 1512, 1505, 1358, 1233, 1169, 1090, 

835; HRESIMS Calcd for [C33H25F2NNaO2S]+ (M + Na+) 560.1466, found 560.1488. 

 



 

(S)-1-((4-bromophenyl)sulfonyl)-4,5-bis(4-fluorophenyl)-2-heptyl-2,3-dihydro-1H

-pyrrole (3q) 

 

 

3q 

Compound 3q was prepared in 54% yield (62.0 mg) according to the general 

procedure (Table 2, entry 17). Pale yellow oil. [α]D 20 = +51.0º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralcel AD-H Column, 2/98 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 8.92 min (minor), 12.19 min (major)). 1H NMR (500 MHz, 

CDCl3) δ 7.63 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.26 (t, J = 7.0 Hz, 2H), 

6.98 (t, J = 8.5 Hz, 2H), 6.88 – 6.73 (m, 4H), 4.31 – 4.24 (m 1H), 2.78 (dd, J = 16.0, 

8.5 Hz, 1H), 2.06 (d, J = 16.0 Hz, 1H), 1.87 – 1.75 (m, 1H), 1.68 – 1.58 (m, 1H), 1.57 

– 1.47 (m, 2H), 1.40 – 1.25 (m, 8H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, 

CDCl3) δ 162.8 (d, J = 248.7 Hz), 161.6 (d, J = 246.2 Hz), 137.4, 135.2, 132.1, 131.6 

(d, J = 8.2 Hz), 131.3 (d, J = 3.5 Hz), 129.1, 128.7 (d, J = 7.9 Hz), 128.3 (d, J = 3.5 

Hz), 128.0, 126.2, 115.4 (d, J = 21.2 Hz), 115.3 (d, J = 21.2 Hz), 61.2, 39.4, 36.2, 

31.8, 29.5, 29.2, 25.1, 22.6, 14.1; IR (neat): 2925, 2854, 1512, 1504, 1233, 1172, 

1157, 1087, 1069, 835;  HRESIMS Calcd for [C29H30BrF2NNaO2S]+ (M + Na+) 

596.1041, found 596.1071. 

 

(S)-4-(3-fluorophenyl)-5-(4-fluorophenyl)-2-heptyl-1-(phenylsulfonyl)-2,3-dihydr

o-1H-pyrrole (3r) 

 



 

 

3r 

Compound 3r was prepared in 74% yield (73.4 mg) according to the general 

procedure (Table 2, entry 18). Pale yellow oil. [α]D 20 = +51.0º (c = 1.0, CHCl3). 98% 

ee (determined by HPLC: Chiralcel AD-H Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 

254 nm, 25 oC; tR = 5.79 min (minor), 7.43 min (major)). 1H NMR (600 MHz, CDCl3) 

δ 7.71 (d, J = 7.5 Hz, 2H), 7.62 (t, J = 7.5 Hz, 1H), 7.50 (t, J = 7.5 Hz, 2H), 7.33 – 

7.25 (m, 2H), 6.98 (t, J = 8.4 Hz, 2H), 6.82 (t, J = 8.4 Hz, 2H), 6.78 – 6.72 (m, 2H), 

4.32 – 4.25 (q, J = 7.2 Hz, 1H), 2.65 (dd, J = 15.6, 8.4 Hz, 1H), 1.99 (d, J = 15.6 Hz, 

1H), 1.89 – 1.74 (m, 1H), 1.68 – 1.47 (m, 3H), 1.39 – 1.26 (m, 8H), 0.90 (t, J = 6.6 Hz, 

3H); 13C NMR (150 MHz, CDCl3) δ 162.6 (d, J = 246.0 Hz), 161.5 (d, J = 246.0 Hz), 

138.0, 135.4, 132.9, 131.6 (d, J = 4.5 Hz), 131.5 (d, J = 8.2 Hz), 128.8, 128.6 (d, J = 

7.8 Hz), 128.5 (d, J = 3.4 Hz), 127.5, 126.2, 115.3 (d, J = 22.5 Hz), 115.2 (d, J = 21.0 

Hz), 61.1, 39.4, 36.1, 31.8, 29.5, 29.2, 25.1, 22.6, 14.1; IR (neat): 2925 (s), 2853, 

1601, 1512, 1504, 1357, 1171, 835; HRESIMS Calcd for [C29H31F2NNaO2S]+ (M + 

Na+) 518.1936, found 518.1953. 

 

 
 

General procedure for the synthesis of 2,3-arylindole 6:  

o-Ethynylaniline 5 (0.20 mmol), aryldiazonium salt 2 (1.6 mmol, 8.0 eq.), 

[Ru(bpy)3](PF6)2 (4.0 mg, 2.5 mol %) and (4-MeOC6H4)3PAuCl (23.4 mg, 20 mol %) 

were added to a flame-dried Schlenk flask containing a stirring bar and purged by 

evacuating the flask and backfilling with argon three times. In the absence of light, 



 

anhydrous MeCN/MeOH: 1/1 (2.0 mL, 0.10 M) was added and the flask was sealed. 

The mixture was then stirred under irradiation from 13 W white LED. The reaction 

mixture was stirred at room temperature and the progress of the reaction was 

monitored by TLC. The reaction typically took 10 h. Upon completion, the mixture 

was then concentrated and the residue was purified by chromatography on silicagel 

(eluent: hexanes/ethyl acetate) to afford the desired 2,3-arylindole 6. 

 

2,3-bis(4-fluorophenyl)-1-tosyl-1H-indole (6a) 

 

 

6a 

Compound 6a was prepared in 71% yield (65.1 mg) according to the general 

procedure (eq 1). Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 7.2 Hz, 

1H), 7.44 (t, J = 7.2 Hz, 2H), 7.37 – 7.28 (m, 3H), 7.23 – 7.17 (m, 2H), 7.10 (d, J = 

8.2 Hz, 2H), 7.08 – 7.02 (m, 2H), 7.02 – 6.89 (m, 4H), 2.33 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 162.6 (d, J = 248.0 Hz), 161.8 (d, J = 246.0 Hz), 144.7, 137.1, 135.7, 

135.4, 133.8 (d, J = 8.4 Hz), 131.4 (d, J = 8.0 Hz), 130.1, 129.3, 128.3 (d, J = 3.4 Hz), 

126.8, 126.7 (d, J = 3.5 Hz), 125.4, 124.2, 123.9, 119.7, 116.2, 115.4 (d, J = 21.0 Hz), 

114.4 (d, J = 21.0 Hz), 21.5; IR (neat): 2924, 1596, 1499, 1380, 1224, 1188, 1177, 

840, 578; HRESIMS Calcd for [C27H19F2NNaO2S]+ (M + Na+) 482.0997, found 

482.0999. 

 

5-fluoro-2,3-bis(4-fluorophenyl)-1-tosyl-1H-indole (6b) 

 



 

 

6b 

Compound 6b was prepared in 85% yield (81.1 mg) according to the general 

procedure (eq 1). Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.40 – 8.31 (m, 1H), 

7.28 (d, J = 8.4 Hz, 2H), 7.22 – 7.13 (m, 3H), 7.12 – 7.06 (m, 3H), 7.04 – 6.90 (m, 

6H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 163.0 (d, J = 248.0 Hz), 162.0 (d, J 

= 246.0 Hz), 160.4 (d, J = 240.0 Hz), 145.0, 137.5, 135.1, 133.8 (d, J = 9.0 Hz), 133.4, 

131.3 (d, J = 8.0 Hz), 129.4, 127.9 (d, J = 3.0 Hz), 126.8, 126.3 (d, J = 3.0 Hz), 123.8 

(d, J = 4.0 Hz), 117.6 (d, J = 8.0 Hz), 115.6 (d, J = 21.0 Hz), 114.7 (d, J = 22.0 Hz), 

113.3 (d, J = 25.0 Hz), 105.5, 105.3, 21.6; IR (neat): 2925, 1606, 1595, 1500, 1464, 

1228, 1188, 1176, 808, 566; HRESIMS Calcd for [C27H18F3NNaO2S]+ (M + Na+) 

500.0903, found 500.0913. 

 

5-bromo-2,3-bis(4-fluorophenyl)-1-tosyl-1H-indole (6c) 

 

 

6c 

Compound 6c was prepared in 78% yield (84.2 mg) according to the general 

procedure (eq 1). Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 9.2 Hz, 

1H), 7.58 – 7.47 (m, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.21 – 7.14 (m, 2H), 7.11 (d, J = 

8.4 Hz, 2H), 7.05 – 6.88 (m, 6H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 163.0 

(d, J = 249.0 Hz), 162.0 (d, J = 246.0 Hz), 145.1, 136.9, 135.8, 135.1, 133.8 (d, J = 



 

8.0 Hz), 131.8, 131.3 (d, J = 8.0 Hz), 129.5, 128.2, 127.7 (d, J = 3.0 Hz), 126.8, 126.1 

(d, J = 3.0 Hz), 123.1, 122.4, 117.9, 117.7, 115.6 (d, J = 21.0 Hz), 114.7 (d, J = 22.0 

Hz), 21.6; IR (neat): 2925, 1606, 1596, 1515, 1464, 1228, 1188, 1176, 1154, 808, 566; 

HRESIMS Calcd for [C27H18BrF2NNaO2S]+ (M + Na+) 560.0102, found 560.0116. 

 

2,3-bis(4-fluorophenyl)-6-methyl-1-tosyl-1H-indole (6d) 

 

 

6d 

Compound 6d was prepared in 64% yield (60.5 mg) according to the general 

procedure (eq 1). Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.22 (s, 1H), 7.32 – 

7.29 (m, 3H), 7.22 – 7.07 (m, 5H), 7.06 – 6.86 (m, 6H), 2.56 (s, 3H), 2.33 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 162.8 (d, J = 248.0 Hz), 161.8 (d, J = 245.0 Hz), 144.7, 

137.6, 135.6, 135.5, 135.0, 133.9 (d, J = 8.0 Hz), 131.4 (d, J = 8.0 Hz), 129.4, 128.6 

(d, J = 4.0 Hz), 127.9, 126.8 (d, J = 5.0 Hz), 125.7, 123.9, 119.3, 116.3, 115.3 (d, J = 

21.0 Hz), 114.5 (d, J = 21.0 Hz), 22.1, 21.5; IR (neat): 2925, 1606, 1596, 1500, 1464, 

1381, 1228, 1188, 1176, 808, 566; HRESIMS Calcd for [C28H21F2NNaO2S]+ (M + 

Na+) 496.1153, found 496.1158. 

 

6-chloro-2,3-bis(4-fluorophenyl)-1-tosyl-1H-indole (6e) 

 

 



 

6e 

Compound 6e was prepared in 62% yield (61.2 mg) according to the general 

procedure (eq 1). Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.45 (d, J = 1.6 Hz, 

1H), 7.39 – 7.24 (m, 4H), 7.18 – 7.10 (m, 4H), 7.07 – 6.87 (m, 6H), 2.35 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 163.0 (d, J = 248 Hz), 161.9 (d, J = 248 Hz), 145.1, 137.4, 

136.1, 135.3, 133.9 (d, J = 8.4 Hz), 131.3(4) (d, J = 8 Hz), 131.3(3), 129.5, 128.4, 

127.9 (d, J = 3.4 Hz), 126.9, 126.2 (d, J = 3.4 Hz), 124.8, 123.4, 120.5, 116.2, 115.4 

(d, J = 21.5 Hz), 114.6 (d, J = 21.8 Hz), 21.6; IR (neat): 2925, 1606, 1596, 1500, 1464, 

1381, 1228, 1188, 1176, 808, 566; HRESIMS Calcd for [C27H18ClF2NNaO2S]+ (M + 

Na+) 516.0607, found 516.0616. 

 

2,3-diphenyl-1-tosyl-1H-indole (6f) 

 

 

6f 

Compound 6f was prepared in 79% yield (67.4 mg) according to the general 

procedure (eq 1). Pale yellow oil. This compound is known and the spectroscopic data 

match those reported.3 1H NMR (500 MHz, CDCl3) δ 8.40 (d, J = 8.5 Hz, 1H), 7.48 (d, 

J = 7.5 Hz, 1H), 7.45 – 7.38 (m, 1H), 7.36 – 7.17 (m, 11H), 7.14 – 7.03 (m, 4H), 2.31 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 144.5, 137.2, 136.8, 135.3, 132.6, 132.0, 

130.8, 130.4, 129.8, 129.2, 128.4, 128.1, 127.2, 126.9, 125.1, 124.7, 124.1, 119.9, 

116.2, 21.5.  
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