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1. General information 

  General data: NMR spectra were recorded on Bruker-400 MHz spectrometer or Bruker-500 MHz 
spectrometer. Chemical shifts (δ) are given in ppm relative to TMS. The residual solvent signals 
were used as references and the chemical shifts converted to the TMS scale (CDCl3: δH = 7.26 
ppm, δC = 77.16 ppm). The high resolution mass spectra were recorded on a Thermo LTQ Orbitrap 
XL (ESI+). Enantiomeric excesses were measured on Waters-Breeze (2487 Dual λ Absorbance 
Detector and 1525 Binary HPLC Pump, UV detection monitored at 254 nm or 230nm). Chiralpak 
AD-H and IE columns were purchased from Daicel Chemical Industries, LTD. Optical rotations 
were measured at 589 nm (sodium D line) by using a Perkin-Elmer 343 polarimeter. 
  Materials: Analytical grade solvents for the column chromatography were used as received. 
Starting materials were purchased from commercial suppliers (Aldrich, Alfa, TCI, Adamas-beta, 
Energychemical, and Accela) and used as supplied unless otherwise stated. All solvents were 
purified and dried according to standard methods prior to use, unless stated otherwise.

2. Procedure for the synthesis of substrates 1 and 3.

General procedure for the synthesis of substrates 1a, 1q-w.
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  The mixture of ethyltriphenylphosphonium bromide (5.569 g, 15 mmol), t-BuOK (1.683 g, 15 
mmol), THF (50 mL) was added to a 100 mL flask under nitrogen atmosphere and stirred at 0 oC 
for 30 minutes. Then the reaction mixture was warmed to room temperature and stirred for 1.5 
hours. Subsequently, 2-bromobenzaldehydes S1 (5 mmol) was added dropwise to the reaction 
mixture and stirred for additional 6 hours. Then the reaction was quenched by water (50 mL) and 
THF was removed under reduced pressure. The residue was filtered and extracted with Ethyl acetate 
(50 mL × 3). The combined organic layer was washed with brine (50 mL × 2) and dried over 
anhydrous Na2SO4. After the solvent was removed under reduced pressure, the crude product was 
purified by flash column chromatography on silica gel and eluted with petroleum ether to afford S2. 

To a solution of S2 (4 mmol) in chloroform (20 mL) was added bis(acetonitrile)-
dichloropalladium (0.041 g, 0.16 mmol). The solution was stirred at 50 °C for 3 days. The reaction 
mixture was passed through a plug of silica gel (Et2O as eluent) and concentrated to give S3.

n-BuLi (1.6 M solution in hexanes, 4.4 mmol) was added slowly to a solution of S3 (4 mmol) in 
THF (20 mL) at -78 °C, then stirred for 30 min at this temperature. DMF (4.8 mmol) was then added 
dropwise to the mixture and stirred for a further 5 h. Saturated aqueous NH4Cl (25 mL) was added 
and the mixture was extracted with Et2O (30 mL × 3). The combined organic phase was washed 
with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude residue 
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was purified by silica chromatography (EtOAc: Petroleum ether = 1: 25 - 1: 10) to give the 
aldehydes S4.

A 50 mL vial equipped with a stirrer was charged with aldehyde S4 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10 - 1: 4) on silica gel to afford 1a, 1q-w.

General procedure for the synthesis of substrates 1b, 1i-k.

Br MePPh3Br
t-BuOK
THF, rt
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The mixture of methyltriphenylphosphonium bromide (5.344 g, 15 mmol), t-BuOK (1.683 g, 15 
mmol), THF (50 mL) was added to a 100 mL flask under nitrogen atmosphere and stirred at 0 oC 
for 30 minutes. Then the reaction mixture was warmed to room temperature and stirred for 1.5 
hours. Subsequently, S5 (5 mmol) was added dropwise to the reaction mixture and stirred for 
additional 6 hours. Then the reaction was quenched by water (50 mL) and THF was removed under 
reduced pressure. The residue was filtered and extracted with Ethyl acetate (50 mL × 3). The 
combined organic layer was washed with brine (50 mL × 2) and dried over anhydrous Na2SO4. After 
the solvent was removed under reduced pressure, the crude product was purified by flash column 
chromatography on silica gel and eluted with petroleum ether to afford S6. 

n-BuLi (1.6 M solution in hexanes, 4.4 mmol) was added slowly to a solution of S6 (4 mmol) in 
THF (20 mL) at -78 °C, then stirred for 30 min at this temperature. DMF (4.8 mmol) was then added 
dropwise to the mixture and stirred for a further 5 h. Saturated aqueous NH4Cl (25 mL) was added 
and the mixture was extracted with Et2O (30 mL × 3). The combined organic phase was washed 
with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude residue 
was purified by silica chromatography (EtOAc: Petroleum ether = 1: 25 - 1: 10) to give the 
aldehydes S7.

A 50 mL vial equipped with a stirrer was charged with aldehyde S7 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10 - 1: 4) on silica gel to afford 1b, 1i-k.

General procedure for the synthesis of substrates 1c-h, 1o-p.
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Under N2 gas, 2-bromobenzaldehydes S8 was added to the solution of boronic acids S9 (10 
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mmol), Pd(PPh3)4 (0.25 mmol) and Ba(OH)2·8H2O (10 mmol) in dioxane (30 mL) and H2O (10 
mL). The mixture was refluxed for 40 h. After completion, the mixture was cooled to room 
temperature and quenched with HCl (1M, 40 mL). The mixture was extracted with CH2Cl2 (50 mL 
× 3). The combined organic layer was dried over Na2SO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography (EtOAc: Petroleum ether = 1: 25) on silica 
gel to afford S10.

A 50 mL vial equipped with a stirrer was charged with aldehyde S10 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10 - 1: 4) on silica gel to afford 1c-h, 1o-p.

Procedure for the synthesis of substrate 1l.
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A mixture of 1,2-dichlorobenzene (5 mL, 6.53 g, 44.4 mmol), 3-chlorobenzoyl chloride (4.358 g, 
20 mmol) and anhydrous aluminium chloride (5.334 g, 40 mmol) was stirred at 120 °C for 3 h. The 
reaction mixture was poured onto crushed ice (50 g). The mixture was extracted with CH2Cl2 (50 
mL × 3). The combined organic layer was dried over Na2SO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography (EtOAc: Petroleum ether = 1: 50) on silica 
gel to afford S12.

The mixture of methyltriphenylphosphonium bromide (5.344 g, 15 mmol), t-BuOK (1.683 g, 15 
mmol), THF (50 mL) was added to a 100 mL flask under nitrogen atmosphere and stirred at 0 oC 
for 30 minutes. Then the reaction mixture was warmed to room temperature and stirred for 1.5 
hours. Subsequently, S12 (5 mmol) was added dropwise to the reaction mixture and stirred for 
additional 6 hours. Then the reaction was quenched by water (50 mL) and THF was removed under 
reduced pressure. The residue was filtered and extracted with Ethyl acetate (50 mL × 3). The 
combined organic layer was washed with brine (50 mL × 2) and dried over anhydrous Na2SO4. After 
the solvent was removed under reduced pressure, the crude product was purified by flash column 
chromatography on silica gel and eluted with petroleum ether to afford S13. 

n-BuLi (1.6 M solution in hexanes, 4.4 mmol) was added slowly to a solution of S13 (4 mmol) 
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in THF (20 mL) at -78 °C, then stirred for 30 min at this temperature. DMF (4.8 mmol) was then 
added dropwise to the mixture and stirred for a further 5 h. Saturated aqueous NH4Cl (25 mL) was 
added and the mixture was extracted with Et2O (30 mL × 3). The combined organic phase was 
washed with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude 
residue was purified by silica chromatography (EtOAc: Petroleum ether = 1: 25 - 1: 10) to give the 
aldehydes S14.

A 50 mL vial equipped with a stirrer was charged with aldehyde S14 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10) on silica gel to afford 1l.

Procedure for the synthesis of substrate 1m.
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H

The mixture of acetylnaphthalene S15 (1.70 g, 10 mmol) and tosylhydrazide (2.326g, 12.5 mmol) 
in 50 mL of toluene was stirred at 80 ºC for 2 h. Lithium tert-butoxide (2.0 g, 25 mmol), 1,2-
dibromobenzene (20 mmol) and Pd(PPh3)4 (0.577 g, 0.5 mmol) were added to the reaction mixture. 
The system was heated under reflux at 90 ºC for 6 h. After the completion of the reaction, the 
reaction mixture was allowed to cool to room temperature. Saturated aqueous NaHCO3 (50 mL) 
was added and the mixture was extracted with Et2O (50 mL × 3). The combined organic phase was 
washed with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel and eluted with petroleum ether 
to afford S16.

n-BuLi (1.6 M solution in hexanes, 4.4 mmol) was added slowly to a solution of S16 (4 mmol) 
in THF (20 mL) at -78 °C, then stirred for 30 min at this temperature. DMF (4.8 mmol) was then 
added dropwise to the mixture and stirred for a further 5 h. Saturated aqueous NH4Cl (25 mL) was 
added and the mixture was extracted with Et2O (30 mL × 3). The combined organic phase was 
washed with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude 
residue was purified by silica chromatography (EtOAc: Petroleum ether = 1: 25) to give the 
aldehydes S17.

A 50 mL vial equipped with a stirrer was charged with aldehyde S17 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
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The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10) on silica gel to afford 1m.

Procedure for the synthesis of substrate 1n.
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The mixture of ethyltriphenylphosphonium bromide (5.569 g, 15 mmol), t-BuOK (1.683 g, 15 
mmol), THF (50 mL) was added to a 100 mL flask under nitrogen atmosphere and stirred at 0 oC 
for 30 minutes. Then the reaction mixture was warmed to room temperature and stirred for 1.5 
hours. Subsequently, 1-(2-bromophenyl)ethan-1-one S18 (5 mmol) was added dropwise to the 
reaction mixture and stirred for additional 6 hours. Then the reaction was quenched by water (50 
mL) and THF was removed under reduced pressure. The residue was filtered and extracted with 
Ethyl acetate (50 mL × 3). The combined organic layer was washed with brine (50 mL × 2) and 
dried over anhydrous Na2SO4. After the solvent was removed under reduced pressure, the crude 
product was purified by flash column chromatography on silica gel and eluted with petroleum ether 
to afford S19. 

To a solution of S19 (4 mmol) in chloroform (20 mL) was added bis(acetonitrile)-
dichloropalladium (0.041 g, 0.16 mmol). The solution was stirred at 50 °C for 3 days. The reaction 
mixture was passed through a plug of silica gel (Et2O as eluent) and concentrated to give S20.

n-BuLi (1.6 M solution in hexanes, 4.4 mmol) was added slowly to a solution of S20 (4 mmol) 
in THF (20 mL) at -78 °C, then stirred for 30 min at this temperature. DMF (4.8 mmol) was then 
added dropwise to the mixture and stirred for a further 5 h. Saturated aqueous NH4Cl (25 mL) was 
added and the mixture was extracted with Et2O (30 mL × 3). The combined organic phase was 
washed with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude 
residue was purified by silica chromatography (EtOAc: Petroleum ether = 1: 25) to give the 
aldehydes S21.

A 50 mL vial equipped with a stirrer was charged with aldehyde S21 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10) on silica gel to afford 1n.

General procedure for the synthesis of substrate 3a-e.
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Potassium carbonate (20 mmol) was added to the solution of phenols (10 mmol) and allyl bromide 
(20 mmol) in acetone. The solution was stirred at 60 °C for 12 h. After reaction completion volatiles 
evaporated and the crude was partitioned between water and ethyl acetate (80 mL × 3). The 
combined organic layer was dried over Na2SO4 and concentrated in vacuo. The crude product was 
purified by flash column chromatography (Petroleum ether) on silica gel to afford S22. 

Under N2 gas, to the solution of 2-formylphenylboronic acid (12 mmol), Pd(OAc)2 (1 mmol), 
Cu(OAc)2 (20 mmol) and LiOAc (30 mmol) in DMF (30 mL) was added S22 (10 mmol). The 
mixture was heated to 100 °C and stirred for a further 12 h. The mixture was cooled to room 
temperature. Et2O (80 mL) and water (80 mL) were added. The aqueous phase was extracted with 
Et2O (50 mL × 3). The combined organic layer was washed with water (80 mL), dried over Na2SO4 
and concentrated in vacuo. The crude product was purified by flash column chromatography 
(EtOAc: Petroleum ether = 1: 10) on silica gel to afford S23.

A 50 mL vial equipped with a stirrer was charged with aldehyde S23 (5 mmol), sulfonamide (6 
mmol), dry THF (20 mL), and Ti(OEt)4 (5 mL). The vial was closed and heated at 80 °C for 24 h. 
After completion, the mixture was cooled to room temperature and quenched with water (50 mL). 
The mixture was extracted with CH2Cl2 (50 mL × 3). The combined organic layer was dried over 
Na2SO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography (EtOAc: Petroleum ether = 1: 10) on silica gel to afford 3a-e.

3. In situ imine formation/cyclisation

Me

NHTsH

2a
yield: 20%
ee: 80%

O

Me

H + TsNH2
A6 (3 mol%)
m-xylene
35 C, 36 h

S4a

4. Characterizations for the substrates 1 and 3.

4-methyl-N-((E)-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1a)
1H NMR (500 MHz, CDCl3) δ 9.39 (s, 1H), 8.05 (dd, J = 7.9, 0.8 Hz, 1H), 7.89 
(d, J = 8.3 Hz, 2H), 7.55 – 7.48 (m, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.35 (d, J = 
8.2 Hz, 2H), 7.31 – 7.24 (m, 1H), 6.89 (dd, J = 15.5, 1.5 Hz, 1H), 6.08 (dq, J = 
15.4, 6.7 Hz, 1H), 2.44 (s, 3H), 1.96 (dd, J = 6.7, 1.7 Hz, 3H). 13C NMR (126 

NTs

Me

H

1a
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MHz, CDCl3) δ 168.61, 144.61, 142.90, 135.39, 134.61, 133.66, 129.89, 129.46, 128.83, 128.12, 
127.81, 127.29, 126.60, 21.77, 19.17. HRMS (ESI) m/z (M+H)+: calculated for C17H18NO2S: 
300.1058, found: 300.1056.

(E)-4-methyl-N-(2-vinylbenzylidene)benzenesulfonamide (1b)
1H NMR (400 MHz, CDCl3) δ 9.41 (s, 1H), 8.07 (dd, J = 7.9, 1.3 Hz, 1H), 7.92 – 
7.86 (m, 2H), 7.54 (ddd, J = 9.6, 7.3, 1.3 Hz, 2H), 7.39 – 7.32 (m, 3H), 7.31 – 7.22 
(m, 1H), 5.63 (dd, J = 17.3, 1.0 Hz, 1H), 5.56 (dd, J = 11.0, 1.0 Hz, 1H), 2.44 (s, 
3H). 13C NMR (101 MHz, CDCl3) δ 168.53, 144.70, 142.52, 135.42, 134.66, 
132.94, 129.95, 129.36, 128.21, 127.82, 121.07, 21.81. HRMS (ESI) m/z (M+H)+: 

calculated for C16H16NO2S: 286.0902, found: 286.0901.

4-methyl-N-((E)-2-((E)-styryl)benzylidene)benzenesulfonamide (1c)
1H NMR (500 MHz, CDCl3) δ 9.38 (s, 1H), 8.04 (dd, J = 7.9, 1.1 Hz, 1H), 7.90 
(d, J = 8.3 Hz, 2H), 7.68 (d, J = 10.1 Hz, 1H), 7.65 (s, 1H), 7.58 (dt, J = 7.9, 1.2 
Hz, 1H), 7.50 (d, J = 7.3 Hz, 2H), 7.41 – 7.38 (m, 2H), 7.37 – 7.35 (m, 1H), 7.34 
– 7.32 (m, 3H), 6.93 (d, J = 16.1 Hz, 1H), 2.42 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 168.48, 144.71, 141.89, 136.60, 135.21, 135.16, 134.56, 130.96, 

129.93, 129.36, 128.92, 128.71, 128.21, 127.88, 127.70, 127.10, 124.21, 21.77. HRMS (ESI) m/z 
(M+H)+: calculated for C22H20NO2S: 362.1215, found: 362.1211.

4-methyl-N-((E)-2-((E)-3-phenylprop-1-en-1-yl)benzylidene)benzenesulfonamide (1d)
1H NMR (400 MHz, CDCl3) δ 9.39 (s, 1H), 8.05 – 8.00 (m, 1H), 7.86 (d, J = 
8.3 Hz, 2H), 7.52 – 7.45 (m, 2H), 7.39 – 7.28 (m, 5H), 7.28 – 7.22 (m, 3H), 6.98 
(d, J = 15.5 Hz, 1H), 6.19 (dt, J = 15.5, 6.9 Hz, 1H), 3.62 (d, J = 6.9 Hz, 2H), 
2.42 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.70, 144.61, 142.33, 139.36, 
136.83, 135.41, 134.54, 130.00, 129.90, 129.12, 128.80, 128.79, 128.14, 127.97, 

127.60, 126.78, 126.58, 39.80, 21.77. HRMS (ESI) m/z (M+H)+: calculated for C23H22NO2S: 
376.1371, found: 376.1364.

4-methyl-N-((E)-2-((E)-pent-1-en-1-yl)benzylidene)benzenesulfonamide (1e)
1H NMR (500 MHz, CDCl3) δ 9.38 (s, 1H), 8.04 (dd, J = 7.9, 0.9 Hz, 1H), 
7.89 (d, J = 8.3 Hz, 2H), 7.54 – 7.48 (m, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.34 
(d, J = 8.1 Hz, 2H), 7.31 – 7.24 (m, 1H), 6.87 (d, J = 15.6 Hz, 1H), 6.05 (dt, 
J = 15.5, 7.0 Hz, 1H), 2.44 (s, 3H), 2.29 – 2.20 (m, 2H), 1.59 – 1.46 (m, 2H), 
0.99 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 168.69, 144.59, 
142.95, 139.01, 135.41, 134.53, 129.88, 129.62, 128.95, 128.13, 127.91, 

127.28, 125.54, 35.59, 22.41, 21.76, 13.87. HRMS (ESI) m/z (M+H)+: calculated for C19H22NO2S: 
328.1371, found: 328.1371.

N-((E)-2-((E)-2-cyclopropylvinyl)benzylidene)-4-methylbenzenesulfonamide (1f)
1H NMR (400 MHz, CDCl3) δ 9.42 (s, 1H), 8.02 (dd, J = 7.9, 1.1 Hz, 1H), 
7.89 (d, J = 8.3 Hz, 2H), 7.52 – 7.45 (m, 1H), 7.41 (d, J = 7.3 Hz, 1H), 7.34 (d, 
J = 8.1 Hz, 2H), 7.26 – 7.20 (m, 1H), 6.97 (d, J = 15.5 Hz, 1H), 5.54 (dd, J = 

NTs

H

1b

NTs

H

1c
Ph

NTs

H

1d
Bn

NTs

H

1e

C3H7

NTs

H

1f
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15.5, 9.3 Hz, 1H), 2.43 (s, 3H), 1.67 (qt, J = 9.1, 4.7 Hz, 1H), 0.95 – 0.86 (m, 2H), 0.61 – 0.53 (m, 
2H). 13C NMR (101 MHz, CDCl3) δ 168.71, 144.56, 143.08, 142.75, 135.52, 134.54, 129.88, 
129.63, 128.59, 128.08, 127.44, 127.01, 122.59, 21.76, 15.41, 7.98. HRMS (ESI) m/z (M+H)+: 
calculated for C19H20NO2S: 326.1215, found: 326.1211.

N-((E)-2-((E)-2-cyclohexylvinyl)benzylidene)-4-methylbenzenesulfonamide (1g)
1H NMR (400 MHz, CDCl3) δ 9.36 (s, 1H), 8.07 – 7.97 (m, 1H), 7.89 (d, 
J = 8.3 Hz, 2H), 7.53 – 7.47 (m, 1H), 7.44 (d, J = 7.2 Hz, 1H), 7.34 (d, J = 
8.2 Hz, 2H), 7.27 – 7.26 (m, 1H), 6.81 (d, J = 15.7 Hz, 1H), 5.97 (dd, J = 
15.7, 7.0 Hz, 1H), 2.44 (s, 3H), 2.26 – 2.14 (m, 1H), 1.90 – 1.75 (m, 4H), 
1.75 – 1.67 (m, 1H), 1.42 – 1.28 (m, 2H), 1.28 – 1.11 (m, 3H). 13C NMR 
(101 MHz, CDCl3) δ 168.75, 144.90, 144.58, 143.16, 135.41, 134.44, 

129.87, 129.77, 129.05, 128.16, 127.95, 127.22, 123.03, 41.72, 32.77, 26.14, 21.76. HRMS (ESI) 
m/z (M+H)+: calculated for C22H26NO2S: 368.1684, found: 368.1682.

N-((E)-2-((E)-3,3-dimethylbut-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1h)
1H NMR (400 MHz, CDCl3) δ 9.30 (s, 1H), 8.02 (dd, J = 7.9, 1.2 Hz, 1H), 
7.89 (d, J = 8.3 Hz, 2H), 7.51 (dt, J = 7.8, 1.3 Hz, 1H), 7.47 – 7.41 (m, 1H), 
7.35 (d, J = 8.0 Hz, 2H), 7.29 (t, J = 7.5 Hz, 1H), 6.75 (d, J = 15.9 Hz, 1H), 
6.01 (d, J = 15.9 Hz, 1H), 2.44 (s, 3H), 1.14 (s, 9H). 13C NMR (101 MHz, 
CDCl3) δ 168.82, 150.10, 144.61, 143.29, 135.30, 134.37, 130.09, 129.90, 
129.21, 128.22, 128.18, 127.23, 120.74, 34.32, 29.47, 21.76. HRMS (ESI) 

m/z (M+H)+: calculated for C20H24NO2S: 342.1528, found: 342.1524.

(E)-4-methyl-N-(2-(prop-1-en-2-yl)benzylidene)benzenesulfonamide (1i)
1H NMR (400 MHz, CDCl3) δ 9.27 (s, 1H), 8.12 (d, J = 7.9 Hz, 1H), 7.87 (d, J = 
7.7 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.34 (d, J = 7.5 Hz, 4H), 5.43 (s, 1H), 4.78 (s, 
1H), 2.42 (s, 3H), 2.13 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 169.66, 148.94, 
144.57, 141.89, 135.39, 134.14, 129.87, 129.53, 128.89, 128.26, 128.07, 127.65, 
120.13, 24.93, 21.73. HRMS (ESI) m/z (M+H)+: calculated for C17H18NO2S: 
300.1058, found: 300.1052.

(E)-N-(2-(3,3-dimethylbut-1-en-2-yl)benzylidene)-4-methylbenzenesulfonamide (1j)
1H NMR (500 MHz, CDCl3) δ 9.11 (s, 1H), 8.18 (dd, J = 8.0, 1.2 Hz, 1H), 7.84 (d, 
J = 8.3 Hz, 2H), 7.51 (dt, J = 7.6, 1.4 Hz, 1H), 7.36 – 7.33 (m, 3H), 7.21 (dd, J = 
7.7, 0.7 Hz, 1H), 5.44 (d, J = 1.0 Hz, 1H), 4.81 (d, J = 0.9 Hz, 1H), 2.44 (s, 3H), 
1.06 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 170.05, 154.50, 148.04, 144.63, 
134.97, 133.44, 130.60, 130.52, 129.92, 128.31, 128.20, 127.45, 115.76, 36.65, 
29.60, 21.75. HRMS (ESI) m/z (M+Na)+: calculated for C20H23NNaO2S: 364.1347, 

found: 364.1344.

(E)-4-methyl-N-(2-(1-phenylvinyl)benzylidene)benzenesulfonamide (1k)
1H NMR (500 MHz, DMSO) δ 8.75 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.55 (t, J = 
7.6 Hz, 1H), 7.39 – 7.35 (m, 3H), 7.26 – 7.15 (m, 6H), 7.03 (d, J = 7.4 Hz, 2H), 5.87 
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(s, 1H), 5.10 (s, 1H), 2.21 (s, 3H). 13C NMR (126 MHz, DMSO) δ 168.77, 146.30, 145.38, 144.53, 
140.21, 134.86, 133.93, 130.71, 129.94, 129.77, 128.71, 128.59, 128.26, 128.03, 127.56, 126.55, 
118.56, 21.01. HRMS (ESI) m/z (M+H)+: calculated for C22H20NO2S: 362.1215, found: 362.1213.

(E)-N-(2-(1-(3,4-dichlorophenyl)vinyl)benzylidene)-4-methylbenzenesulfonamide (1l)
1H NMR (500 MHz, CDCl3) δ 8.97 (s, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.63 – 7.60 
(m, 3H), 7.47 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 7.33 (d, J = 7.6 Hz, 
1H), 7.29 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 2.1 Hz, 1H), 7.05 (dd, J = 8.4, 2.1 Hz, 
1H), 5.96 (s, 1H), 5.31 (s, 1H), 2.43 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
168.99, 145.27, 144.75, 144.25, 140.76, 134.71, 134.63, 133.05, 132.52, 130.88, 
130.76, 130.69, 129.93, 129.47, 128.93, 128.79, 128.07, 126.28, 119.94, 21.82. 
HRMS (ESI) m/z (M+H)+: calculated for C22H18Cl2NO2S: 430.0435, found: 
430.0428.

(E)-4-methyl-N-(2-(1-(naphthalen-1-yl)vinyl)benzylidene)benzenesulfonamide (1m)
1H NMR (500 MHz, CDCl3) δ 9.40 (s, 1H), 7.93 (s, 1H), 7.92 – 7.86 (m, 3H), 
7.79 (d, J = 8.4 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.43 – 7.40 (m, 1H), 7.39 – 7.32 
(m, 4H), 7.23 – 7.14 (m, 2H), 6.94 – 6.93 (m, 1H), 6.16 (d, J = 2.0 Hz, 1H), 
5.20 (d, J = 9.5 Hz, 1H), 4.89 (d, J = 9.5 Hz, 1H), 2.44 (s, 3H). 13C NMR (126 
MHz, CDCl3) δ 169.08, 145.45, 143.88, 143.68, 143.55, 138.06, 133.76, 
133.38, 132.37, 131.43, 130.06, 128.71, 128.54, 128.48, 127.38, 126.61, 
126.41, 126.17, 126.15, 125.89, 125.48, 124.06, 121.52, 21.71. HRMS (ESI) 
m/z (M+H)+: calculated for C26H22NO2S: 412.1371, found: 412.1372.

N-((E)-2-((E)-but-2-en-2-yl)benzylidene)-4-methylbenzenesulfonamide (1n)
1H NMR (400 MHz, CDCl3) δ 9.05 (s, 1H), 8.14 (t, J = 11.5 Hz, 1H), 7.87 (d, 
J = 7.6 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.35– 7.32 (m, 3H), 7.21 (d, J = 7.7 
Hz, 1H), 5.78 (q, J = 6.7 Hz, 1H), 2.44 (s, 3H), 2.02 (s, 3H), 1.30 (d, J = 6.8 
Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.60, 147.85, 144.59, 135.41, 
134.84, 133.49, 129.89, 129.52, 129.23, 128.41, 128.17, 127.48, 125.97, 26.61, 
21.77, 14.96. HRMS (ESI) m/z (M+H)+: calculated for C18H20NO2S: 314.1215, 

found: 314.1210.

(E)-N-(2-(cyclopent-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1o)
1H NMR (500 MHz, CDCl3) δ 9.20 (s, 1H), 8.09 (dd, J = 7.9, 1.0 Hz, 1H), 7.87 
(d, J = 8.3 Hz, 2H), 7.53 (dt, J = 7.7, 1.4 Hz, 1H), 7.35 (d, J = 8.0 Hz, 3H), 7.31 
(t, J = 7.6 Hz, 1H), 5.60 – 5.51 (m, 1H), 2.72 (tt, J = 9.8, 2.1 Hz, 2H), 2.62 – 2.55 
(m, 2H), 2.44 (s, 3H), 2.11 – 2.01 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 169.69, 
144.59, 143.63, 140.27, 136.26, 135.17, 134.04, 130.05, 129.90, 129.00, 128.19, 
128.04, 127.30, 36.79, 34.27, 23.85, 21.76. HRMS (ESI) m/z (M+H)+: calculated 

for C19H20NO2S: 326.1215 found: 326.1211.

(E)-4-methyl-N-((2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-yl)methylene)benzenesulfonamide (1p)
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1H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.09 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 
8.3 Hz, 2H), 7.51 (dt, J = 7.6, 1.4 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 
8.1 Hz, 2H), 5.51 – 5.39 (m, 1H), 2.44 (s, 3H), 2.30 – 2.23 (m, 2H), 2.23 – 2.15 
(m, 2H), 1.82 – 1.72 (m, 2H), 1.72 – 1.64 (m, 2H). 13C NMR (101 MHz, CDCl3) 
δ 169.67, 149.90, 144.58, 135.43, 135.01, 134.04, 132.37, 129.90, 129.77, 128.84, 
128.45, 128.29, 127.17, 30.75, 25.75, 22.82, 21.80, 21.75. HRMS (ESI) m/z 

(M+H)+: calculated for C20H22NO2S: 340.1371, found: 340.1367.

4-methyl-N-((E)-2-methyl-6-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1q)
1H NMR (500 MHz, CDCl3) δ 9.40 (s, 1H), 7.89 (d, J = 8.2 Hz, 2H), 7.36 – 
7.33 (m, 3H), 7.25 (d, J = 8.6 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 6.78 (d, J = 
15.5 Hz, 1H), 5.92 (dq, J = 13.3, 6.6 Hz, 1H), 2.53 (s, 3H), 2.44 (s, 3H), 1.89 
(dd, J = 6.6, 1.2 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 170.08, 144.53, 
143.35, 141.54, 135.73, 133.12, 132.81, 130.47, 129.88, 128.74, 128.07, 

127.71, 126.24, 22.25, 21.77, 19.06. HRMS (ESI) m/z (M+H)+: calculated for C18H20NO2S: 
314.1215, found: 314.1215.

4-methyl-N-((E)-4-methyl-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1r)
1H NMR (400 MHz, CDCl3) δ 9.35 (s, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.90 
– 7.86 (m, 2H), 7.34 (dd, J = 8.6, 0.6 Hz, 2H), 7.26 – 7.24 (m, 1H), 7.09 
(d, J = 8.1 Hz, 1H), 6.88 (dd, J = 15.5, 1.7 Hz, 1H), 6.08 (dq, J = 15.5, 6.7 
Hz, 1H), 2.43 (s, 3H), 2.39 (s, 3H), 1.95 (dd, J = 6.7, 1.8 Hz, 3H). 13C 
NMR (101 MHz, CDCl3) δ 168.47, 145.86, 144.43, 143.03, 135.79, 

133.27, 129.87, 129.73, 128.43, 128.36, 128.10, 126.75, 126.51, 22.08, 21.78, 19.15. HRMS (ESI) 
m/z (M+H)+: calculated for C18H20NO2S: 314.1215, found: 314.1211.

4-methyl-N-((E)-3-methyl-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1s)
1H NMR (400 MHz, CDCl3) δ 9.22 (s, 1H), 7.97 – 7.92 (m, 1H), 7.90 – 7.83 
(m, 2H), 7.38 – 7.31 (m, 3H), 7.22 (dd, J = 14.9, 7.2 Hz, 1H), 6.53 (dd, J = 
15.7, 1.6 Hz, 1H), 5.48 (dq, J = 15.7, 6.5 Hz, 1H), 2.44 (s, 3H), 2.30 (s, 3H), 
1.98 (dd, J = 6.5, 1.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 170.72, 144.48, 
143.35, 137.22, 137.15, 135.48, 135.41, 130.60, 129.87, 128.14, 127.06, 
126.83, 126.14, 21.74, 20.09, 19.17. HRMS (ESI) m/z (M+H)+: calculated for 

C18H20NO2S: 314.1215, found: 314.1210.

N-((E)-4-fluoro-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1t)
1H NMR (400 MHz, CDCl3) δ 9.32 (s, 1H), 8.07 (dd, J = 8.8, 6.1 Hz, 1H), 
7.88 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.12 (dd, J = 9.9, 2.4 Hz, 
1H), 7.00 – 6.92 (m, 1H), 6.87 (d, J = 15.5 Hz, 1H), 6.14 (dq, J = 13.4, 6.7 
Hz, 1H), 2.42 (s, 3H), 1.96 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
δ 167.02, 166.62 (d, J = 257.1 Hz), 145.70 (d, J = 9.5 Hz), 144.64, 135.35, 

134.65, 132.46 (d, J = 10.0 Hz), 129.88, 128.08, 125.61 (d, J = 2.0 Hz), 125.24 (d, J = 2.5 Hz), 
115.07 (d, J = 22.4 Hz), 114.11 (d, J = 22.3 Hz), 21.73, 19.08. HRMS (ESI) m/z (M+H)+: calculated 
for C17H17FNO2S: 318.0964, found: 318.0962.
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N-((E)-4-methoxy-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1u)
1H NMR (400 MHz, CDCl3) δ 9.28 (s, 1H), 8.04 (d, J = 8.9 Hz, 1H), 
7.90 – 7.83 (m, 2H), 7.32 (dd, J = 8.5, 0.6 Hz, 2H), 6.93 – 6.86 (m, 2H), 
6.80 (dd, J = 8.8, 2.5 Hz, 1H), 6.11 (dq, J = 15.5, 6.7 Hz, 1H), 3.86 (s, 
3H), 2.42 (s, 3H), 1.95 (dd, J = 6.7, 1.7 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 167.55, 164.89, 145.50, 144.21, 136.05, 133.44, 132.12, 

129.77, 127.90, 126.62, 122.08, 114.02, 111.96, 55.66, 21.71, 19.05. HRMS (ESI) m/z (M+H)+: 
calculated for C18H20NO3S: 330.1164, found: 330.1161.

N-((E)-4-chloro-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1v)
1H NMR (500 MHz, CDCl3) δ 9.32 (s, 1H), 7.98 (d, J = 8.5 Hz, 1H), 7.88 
(d, J = 8.3 Hz, 2H), 7.43 (d, J = 2.0 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.23 
(dd, J = 8.5, 2.0 Hz, 1H), 6.84 (dd, J = 15.5, 1.6 Hz, 1H), 6.14 (dq, J = 15.4, 
6.7 Hz, 1H), 2.43 (s, 3H), 1.96 (dd, J = 6.7, 1.7 Hz, 3H). 13C NMR (126 
MHz, CDCl3) δ 167.26, 144.77, 144.17, 141.08, 135.23, 134.85, 130.88, 

129.94, 128.17, 127.69, 127.65, 127.27, 125.48, 21.78, 19.15. HRMS (ESI) m/z (M+H)+: calculated 
for C17H17ClNO2S: 334.0669, found: 334.0665.

4-methyl-N-((E)-(6-((E)-prop-1-en-1-yl)benzo[d][1,3]dioxol-5-yl)methylene)benzenesulfonamide 
(1w)

1H NMR (400 MHz, CDCl3) δ 9.29 (s, 1H), 7.87 (d, J = 8.2 Hz, 2H), 7.51 
(s, 1H), 7.33 (d, J = 8.1 Hz, 2H), 6.81 (d, J = 15.4 Hz, 1H), 6.10 – 5.95 
(m, 3H), 2.43 (s, 3H), 1.94 (dd, J = 6.6, 0.9 Hz, 3H). 13C NMR (101 MHz, 
CDCl3) δ 166.98, 153.79, 147.57, 144.33, 141.14, 135.95, 132.98, 129.83, 
127.97, 126.00, 123.43, 107.19, 106.94, 102.25, 21.77, 19.06. HRMS 

(ESI) m/z (M+H)+: calculated for C18H18NO4S: 344.0957, found: 344.0954.

4-methyl-N-((E)-2-((E)-3-phenoxyprop-1-en-1-yl)benzylidene)benzenesulfonamide (3a)
1H NMR (500 MHz, CDCl3) δ 9.37 (s, 1H), 8.04 (d, J = 7.7 Hz, 1H), 
7.88 (d, J = 8.3 Hz, 2H), 7.59 – 7.49 (m, 2H), 7.41 – 7.28 (m, 6H), 
7.03 – 6.95 (m, 3H), 6.27 (dt, J = 15.8, 5.4 Hz, 1H), 4.76 (dd, J = 5.4, 
1.5 Hz, 2H), 2.42 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.41, 
158.44, 144.71, 141.25, 135.27, 134.62, 131.76, 130.31, 129.93, 
129.72, 129.40, 128.25, 128.21, 128.18, 128.11, 121.27, 114.87, 
68.13, 21.76. HRMS (ESI) m/z (M+H)+: calculated for C23H22NO3S: 

392.1320, found: 392.1321.

4-methyl-N-((E)-2-((E)-3-(p-tolyloxy)prop-1-en-1-yl)benzylidene)benzenesulfonamide (3b)
1H NMR (500 MHz, CDCl3) δ 9.29 (s, 1H), 7.97 (d, J = 7.8 Hz, 
1H), 7.81 (d, J = 8.2 Hz, 2H), 7.46 (q, J = 7.9 Hz, 2H), 7.33 – 
7.15 (m, 5H), 7.05 (d, J = 8.4 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H), 
6.18 (dt, J = 15.8, 5.4 Hz, 1H), 4.65 (dd, J = 5.3, 1.2 Hz, 2H), 
2.34 (s, 3H), 2.23 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
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168.45, 156.34, 144.71, 141.33, 135.30, 134.62, 132.02, 130.53, 130.28, 130.16, 129.94, 129.83, 
129.41, 128.20, 128.12, 126.58, 114.76, 68.33, 21.78, 20.64. HRMS (ESI) m/z (M+H)+: calculated 
for C24H24NO3S: 406.1477, found: 406.1473.

N-((E)-2-((E)-3-(4-ethylphenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (3c)

1H NMR (500 MHz, CDCl3) δ 9.37 (s, 1H), 8.04 (d, J = 7.7 Hz, 
1H), 7.88 (d, J = 8.3 Hz, 2H), 7.59 – 7.50 (m, 2H), 7.39 – 7.27 
(m, 4H), 7.15 (d, J = 8.6 Hz, 2H), 6.97 – 6.84 (m, 2H), 6.26 (dt, 
J = 15.8, 5.4 Hz, 1H), 4.73 (dd, J = 5.4, 1.6 Hz, 2H), 2.61 (q, J = 
7.6 Hz, 2H), 2.42 (s, 3H), 1.23 (t, J = 7.6 Hz, 3H). 13C NMR 
(126 MHz, CDCl3) δ 168.46, 156.52, 144.71, 141.34, 137.06, 
135.30, 134.62, 132.05, 130.29, 129.94, 129.41, 128.98, 128.20, 

128.12, 114.77, 68.34, 28.12, 21.77, 15.99. HRMS (ESI) m/z (M+H)+: calculated for C25H26NO3S: 
420.1633, found: 420.1633.

N-((E)-2-((E)-3-(4-fluorophenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (3d)
1H NMR (500 MHz, CDCl3) δ 9.36 (s, 1H), 8.04 (d, J = 7.7 Hz, 
1H), 7.88 (d, J = 8.3 Hz, 2H), 7.57 –7.52 (m, 2H), 7.38 – 7.29 (m, 
4H), 7.06 – 6.97 (m, 2H), 6.95 – 6.88 (m, 2H), 6.25 (dt, J = 15.8, 
5.4 Hz, 1H), 4.72 (dd, J = 5.4, 1.5 Hz, 2H), 2.42 (s, 3H). 13C NMR 
(126 MHz, CDCl3) δ 168.42, 157.59 (d, J = 238.9 Hz), 154.56, 
144.75, 141.16, 135.31, 134.65, 131.49, 130.43, 129.95, 129.44, 
128.48, 128.29, 128.18, 128.11, 116.07 (d, J = 31.2 Hz), 116.01, 

68.89, 21.78. HRMS (ESI) m/z (M+H)+: calculated for C23H21FNO3S: 410.1226, found: 410.1228.

N-((E)-2-((E)-3-(4-methoxyphenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide 
(3e)

1H NMR (500 MHz, CDCl3) δ 9.36 (s, 1H), 8.06 – 8.02 (m, 
1H), 7.91 – 7.85 (m, 2H), 7.57 – 7.50 (m, 2H), 7.38 – 7.31 (m, 
3H), 7.28 (d, J = 15.8 Hz, 1H), 6.97 – 6.83 (m, 4H), 6.25 (dt, 
J = 15.8, 5.4 Hz, 1H), 4.70 (dd, J = 5.4, 1.7 Hz, 2H), 3.79 (s, 
3H), 2.42 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 168.32, 
154.17, 152.51, 144.59, 141.24, 135.26, 134.50, 131.99, 

130.18, 129.83, 129.35, 128.09, 128.02, 115.87, 114.79, 68.88, 55.75, 21.66. HRMS (ESI) m/z 
(M+H)+: calculated for C24H24NO4S: 422.1426, found: 422.1421.

4-methyl-N-((E)-2-((E)-3-(4-(trifluoromethyl)phenoxy)prop-1-en-1- 
yl)benzylidene)benzenesulfonamide (3f)

1H NMR (500 MHz, CDCl3) δ 9.37 (s, 1H), 8.04 (d, J = 7.8 Hz, 
1H), 7.88 (d, J = 8.1 Hz, 2H), 7.63 – 7.50 (m, 4H), 7.41 – 7.28 
(m, 4H), 7.04 (d, J = 8.5 Hz, 2H), 6.26 (dt, J = 15.8, 5.4 Hz, 
1H), 4.80 (d, J = 4.7 Hz, 2H), 2.42 (s, 3H). 13C NMR (126 
MHz, CDCl3) δ 168.44, 160.87, 144.81, 140.92, 135.30, 
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134.67, 130.66, 129.96, 129.47, 129.09, 128.43, 128.17, 128.14, 127.18 (q, J = 3.5 Hz), 126.68 (q, 
J = 271.2 Hz), 123.40 (q, J = 32.3 Hz), 114.89, 68.37, 21.77. HRMS (ESI) m/z (M+H)+: calculated 
for C24H21F3NO3S: 460.1194, found: 460.1194.

5. General procedure for the synthesis of 2 and 4.

Synthesis of 2a is described as a typical procedure.

NTs

Me
Me

NHTs
H

H

1a 2a

A6 (3 mol%)
m-xylene
35 C, 36 h

To a flame-dried and Ar-purged Schlenk tube (10 mL) were added 1a (0.1 mmol, 29.9 mg), A6 
(0.003 mmol, 2.6 mg), m-xylene (1 mL) and a stirring bar. The Schlenk tube was then evacuated 
and filled with argon. The mixture was stirred at 35 oC for 36 h. The solution was concentrated and 
the residue was purified by flash column chromatography (petroleum ether/EtOAc = 4 : 1) on silica 
gel to afford the 2a.

6. Characterizations for the products 2 and 4.

(S)-4-methyl-N-(2-methyl-1H-inden-1-yl)benzenesulfonamide (2a)
Yield: 91%, 27.2 mg. 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.2 Hz, 2H), 
7.36 (d, J = 8.1 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 7.06 (d, J = 7.4 Hz, 1H), 6.95 
(t, J = 7.4 Hz, 1H), 6.75 (d, J = 7.4 Hz, 1H), 6.31 (s, 1H), 4.68 (d, J = 9.6 Hz, 
1H), 4.60 (d, J = 9.6 Hz, 1H), 2.48 (s, 3H), 1.89 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 146.10, 143.72, 143.50, 143.28, 138.58, 129.94, 128.48, 127.87, 

127.33, 124.99, 123.44, 120.35, 62.49, 21.71, 13.97. HRMS (ESI) m/z (M+H)+: calculated for 
C17H18NO2S: 300.1058, found: 300.1046. [α]20

D = -63.9 (c = 0.72, acetone). The product was 
analyzed by HPLC to determine the enantiomeric excess: 92% ee; (CHIRALPAK IE, hexane/i-
PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 7.97 min, tR (minor) = 11.40 
min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(1H-inden-1-yl)-4-methylbenzenesulfonamide (2b)
Yield: 69%, 19.7 mg. 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 2H), 
7.35 (d, J = 8.0 Hz, 2H), 7.26 – 7.18 (m, 3H), 7.12 (dt, J = 7.4, 1.3 Hz, 1H), 
6.67 (dd, J = 5.6, 1.3 Hz, 1H), 6.04 (dd, J = 5.6, 1.9 Hz, 1H), 4.90 (d, J = 9.6 
Hz, 1H), 4.68 (d, J = 9.6 Hz, 1H), 2.47 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
143.76, 143.13, 142.41, 137.92, 135.10, 133.28, 129.93, 128.53, 127.30, 

126.18, 123.77, 121.57, 60.41, 21.65. HRMS (ESI) m/z (M+H)+: calculated for C16H16NO2S: 
286.0902, found: 286.0894. [α]20

D = -64.7 (c = 0.51, acetone). The product was analyzed by 
HPLC to determine the enantiomeric excess: 82% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, 
flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 11.33 min, tR (minor) = 12.74 min. The 
absolute configuration was assigned tentatively by analogy.

(R)-4-methyl-N-(2-phenyl-1H-inden-1-yl)benzenesulfonamide (2c)
Yield: 68%, 24.6 mg. 1H NMR (500 MHz, CDCl3) δ 7.83 (d, J = 8.3 Hz, 2H), 
7.35 (d, J = 8.0 Hz, 2H), 7.31 – 7.27 (m, 2H), 7.27 – 7.22 (m, 4H), 7.21 – 7.17 
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(m, 2H), 7.13 – 7.07 (m, 1H), 7.00 (d, J = 1.0 Hz, 1H), 5.44 (dd, J = 9.1, 0.7 Hz, 1H), 4.47 (d, J = 
9.1 Hz, 1H), 2.50 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 146.35, 144.28, 143.85, 142.27, 138.52, 
133.36, 129.96, 128.90, 128.79, 128.69, 128.01, 127.66, 127.01, 126.42, 124.82, 121.48, 59.67, 
21.76. HRMS (ESI) m/z (M+H)+: calculated for C22H20NO2S: 362.1215, found: 362.1205. [α]20

D = 
-74.0 (c = 0.45, acetone). The product was analyzed by HPLC to determine the enantiomeric 
excess: 83% ee; (CHIRALPAK AD-H, hexane/i-PrOH = 80/20, flow rate: 1.0 mL/min, T = 30 °C, 
254 nm), tR (major) = 17.11 min, tR (minor) = 18.73 min. The absolute configuration was assigned 
tentatively by analogy.

(S)-N-(2-benzyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2d)
Yield: 67%, 25.2 mg. 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 2H), 
7.35 (d, J = 8.0 Hz, 2H), 7.31 – 7.26 (m, 2H), 7.25 – 7.20 (m, 1H), 7.18 – 7.11 
(m, 3H), 7.06 (d, J = 7.4 Hz, 1H), 6.96 (dt, J = 7.5, 1.0 Hz, 1H), 6.79 (d, J = 
7.4 Hz, 1H), 6.20 (d, J = 0.9 Hz, 1H), 4.81 (d, J = 9.7 Hz, 1H), 4.58 (d, J = 9.7 
Hz, 1H), 3.68 (d, J = 16.6 Hz, 1H), 3.51 (d, J = 16.5 Hz, 1H), 2.48 (s, 3H). 13C 

NMR (126 MHz, CDCl3) δ 149.55, 143.83, 143.60, 142.89, 138.93, 138.50, 130.02, 129.18, 128.85, 
128.59, 127.39, 126.42, 125.41, 123.70, 120.83, 61.58, 34.61, 21.75. HRMS (ESI) m/z (M+H)+: 
calculated for C23H22NO2S: 376.1371, found: 376.1366. [α]20

D = -79.7 (c = 0.48, acetone). The 
product was analyzed by HPLC to determine the enantiomeric excess: 93% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 8.50 min, tR 
(minor) = 10.56 min. The absolute configuration was assigned tentatively by analogy.

(S)-4-methyl-N-(2-propyl-1H-inden-1-yl)benzenesulfonamide (2e)
Yield: 85%, 27.8 mg. 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.3 Hz, 
2H), 7.36 (d, J = 8.1 Hz, 2H), 7.17 (t, J = 7.4 Hz, 1H), 7.09 (d, J = 7.3 Hz, 
1H), 6.96 (dt, J = 7.5, 0.8 Hz, 1H), 6.79 (d, J = 7.4 Hz, 1H), 6.33 (s, 1H), 
4.75 (d, J = 9.7 Hz, 1H), 4.50 (d, J = 9.7 Hz, 1H), 2.48 (s, 3H), 2.28 – 2.07 
(m, 2H), 1.54 – 1.34 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H). 13C NMR (126 MHz, 

CDCl3) δ 150.57, 143.79, 143.55, 143.23, 138.64, 129.98, 128.54, 127.41, 126.96, 125.11, 123.62, 
120.51, 61.42, 30.14, 21.72, 21.62, 14.06. HRMS (ESI) m/z (M+H)+: calculated for C19H22NO2S: 
328.1371, found: 328.1365. [α]20

D = -78.3 (c = 0.44, acetone). The product was analyzed by 
HPLC to determine the enantiomeric excess: 91% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, 
flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 6.74 min, tR (minor) = 7.54 min. The 
absolute configuration was assigned tentatively by analogy.

(S)-N-(2-cyclopropyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2f)
Yield: 67%, 21.8 mg. 1H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 8.2 Hz, 2H), 
7.36 (d, J = 8.0 Hz, 2H), 7.16 (t, J = 7.4 Hz, 1H), 7.06 (d, J = 7.4 Hz, 1H), 6.96 
(dt, J = 7.5, 0.9 Hz, 1H), 6.82 (d, J = 7.4 Hz, 1H), 6.08 (s, 1H), 4.86 (d, J = 9.5 
Hz, 1H), 4.59 (d, J = 9.5 Hz, 1H), 2.47 (s, 3H), 1.46 – 1.36 (m, 1H), 0.92 – 0.78 
(m, 1H), 0.76 – 0.66 (m, 1H), 0.62 – 0.47 (m, 2H). 13C NMR (126 MHz, 

CDCl3) δ 152.99, 143.64, 143.41, 142.90, 138.52, 129.84, 128.47, 127.33, 124.92, 123.44, 122.84, 
120.40, 62.19, 21.63, 9.28, 8.84, 8.32. HRMS (ESI) m/z (M+Na)+: calculated for C19H19NNaO2S: 
348.1034, found: 348.1027. [α]20

D = -63.2 (c = 0.28, acetone). The product was analyzed by 
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HPLC to determine the enantiomeric excess: 84% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, 
flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 7.93 min, tR (minor) = 8.91 min. The 
absolute configuration was assigned tentatively by analogy.

(S)-N-(2-cyclohexyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2g)
Yield: 88%, 32.3 mg. 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.3 Hz, 
2H), 7.36 (d, J = 8.0 Hz, 2H), 7.17 (dt, J = 7.1, 1.4 Hz, 1H), 7.10 (d, J = 
7.4 Hz, 1H), 7.02 – 6.93 (m, 2H), 6.30 (s, 1H), 4.84 (d, J = 9.8 Hz, 1H), 
4.49 (d, J = 9.8 Hz, 1H), 2.47 (s, 3H), 2.11 (t, J = 11.3 Hz, 1H), 1.79 (t, J 
= 14.4 Hz, 2H), 1.65 (d, J = 12.3 Hz, 1H), 1.57 (dd, J = 12.1, 6.3 Hz, 2H), 

1.40 – 1.30 (m, 1H), 1.24 (ddt, J = 12.8, 9.6, 3.2 Hz, 1H), 1.18 – 1.00 (m, 2H), 0.96 – 0.83 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 155.55, 143.67, 143.60, 143.01, 138.46, 129.88, 128.41, 127.35, 
125.11, 123.83, 120.53, 60.04, 36.23, 34.23, 31.39, 26.50, 26.32, 26.22, 21.61. HRMS (ESI) m/z 
(M+H)+: calculated for C22H26NO2S: 368.1684, found: 368.1675. [α]20

D = -129.4 (c = 0.63, 
acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 91% ee; 
(CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) 
= 6.64 min, tR (minor) = 7.18 min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(2-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2h)
Yield: 44%, 15.0 mg. 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.3 Hz, 2H), 
7.37 (d, J = 8.0 Hz, 2H), 7.15 (t, J = 7.3 Hz, 1H), 7.09 (d, J = 7.2 Hz, 1H), 6.91 
(dt, J = 7.5, 1.1 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 6.43 (d, J = 0.9 Hz, 1H), 
5.12 (d, J = 10.3 Hz, 1H), 4.35 (d, J = 10.3 Hz, 1H), 2.49 (s, 3H), 1.22 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 157.50, 144.43, 143.86, 142.32, 138.99, 

130.04, 128.43, 127.43, 126.67, 125.44, 123.69, 120.64, 60.68, 33.86, 30.26, 21.76. HRMS (ESI) 
m/z (M+Na)+: calculated for C20H23NNaO2S: 364.1347, found: 364.1342. [α]20

D = -42.1 (c = 0.34, 
acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 82% ee; 
(CHIRALPAK AD-H, hexane/i-PrOH = 80/20, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR 
(major) = 5.86 min, tR (minor) = 7.36 min. The absolute configuration was assigned tentatively by 
analogy.

(S)-4-methyl-N-(3-methyl-1H-inden-1-yl)benzenesulfonamid (2i)
Yield: 94%, 28.1 mg. 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.3 Hz, 2H), 
7.36 (d, J = 8.1 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.23 (d, J = 7.0 Hz, 1H), 7.16 
(dd, J = 13.3, 7.1 Hz, 2H), 5.76 – 5.67 (m, 1H), 4.87 (d, J = 9.7 Hz, 1H), 4.47 
(d, J = 9.7 Hz, 1H), 2.48 (s, 3H), 2.02 (t, J = 1.7 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 144.06, 143.88, 143.78, 142.08, 138.16, 130.00, 129.64, 128.52, 
127.41, 126.27, 123.67, 119.41, 59.47, 21.75, 12.96. HRMS (ESI) m/z 

(M+Na)+: calculated for C17H17NNaO2S: 322.0878, found: 322.0870. [α]20
D = -69.1 (c = 0.32, 

acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 87% ee; 
(CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) 
= 21.43 min, tR (minor) = 20.62 min. The absolute configuration was assigned tentatively by 
analogy.
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(S)-N-(3-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2j)
Yield: 99%, 33.8 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 2H), 
7.46 (d, J = 7.7 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.28 – 7.20 (m, 2H), 7.13 (dt, 
J = 7.4, 3.7 Hz, 1H), 5.73 (d, J = 2.1 Hz, 1H), 4.80 (dd, J = 9.5, 1.9 Hz, 1H), 
4.53 (d, J = 9.5 Hz, 1H), 2.47 (s, 3H), 1.26 (s, 9H). 13C NMR (126 MHz, CDCl3) 
δ 155.02, 145.16, 143.75, 142.09, 138.14, 129.94, 128.05, 127.44, 127.18, 
125.66, 124.00, 122.67, 58.80, 33.17, 29.09, 21.71. HRMS (ESI) m/z (M+Na)+: 

calculated for C20H23NNaO2S: 364.1347, found: 364.1341. [α]20
D = +46.0 (c = 0.57, acetone).The 

product was analyzed by HPLC to determine the enantiomeric excess: 76% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 7.97 min, tR 
(minor) = 11.40 min. The absolute configuration was assigned tentatively by analogy.

(S)-4-methyl-N-(3-phenyl-1H-inden-1-yl)benzenesulfonamide (2k)
Yield: 93%, 33.6 mg. 1H NMR (500 MHz, CDCl3) δ 7.89 (d, J = 8.3 Hz, 2H), 
7.48 – 7.46 (m, 2H), 7.45 – 7.38 (m, 4H), 7.38 – 7.36 (m, 2H), 7.33 – 7.28 (m, 
2H), 7.21 (dt, J = 7.4, 0.8 Hz, 1H), 6.08 (d, J = 2.2 Hz, 1H), 5.03 (dd, J = 9.6, 
1.9 Hz, 1H), 4.66 (d, J = 9.6 Hz, 1H), 2.47 (s, 3H). 13C NMR (126 MHz, CDCl3) 
δ 146.26, 144.33, 143.89, 142.00, 138.06, 134.54, 131.08, 130.05, 128.79, 
128.53, 128.50, 127.64, 127.42, 126.59, 124.30, 121.00, 59.56, 21.74. HRMS 

(ESI) m/z (M+Na)+: calculated for C22H19NNaO2S: 384.1034, found: 384.1034. [α]20
D = +56.4 (c = 

0.37, acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 81% 
ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR 
(major) = 14.91 min, tR (minor) = 12.86 min. The absolute configuration was assigned tentatively 
by analogy.

(S)-N-(3-(3,4-dichlorophenyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2l)
Yield: 99%, 42.6 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 
2H), 7.54 (d, J = 2.0 Hz, 1H), 7.49 (d, J = 8.3 Hz, 1H), 7.37 (d, J = 8.0 Hz, 
2H), 7.35 – 7.28 (m, 4H), 7.22 (dt, J = 7.0, 1.4 Hz, 1H), 6.13 (d, J = 2.2 Hz, 
1H), 5.00 (dd, J = 9.5, 2.0 Hz, 1H), 4.69 (d, J = 9.5 Hz, 1H), 2.48 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 144.08, 144.07, 144.05, 141.15, 137.90, 
134.51, 133.01, 132.56, 132.50, 130.83, 130.10, 129.47, 128.72, 127.43, 
126.99, 126.92, 124.47, 120.65, 59.51, 21.76. HRMS (ESI) m/z (M+Na)+: 
calculated for C22H17Cl2NNaO2S: 452.0255, found: 452.0256. [α]20

D = +95.0 
(c = 0.36, acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 
87% ee; (CHIRALPAK AD-H, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), 
tR (major) = 7.97 min, tR (minor) = 11.40 min. The absolute configuration was assigned tentatively 
by analogy.

(S)-4-methyl-N-(3-(naphthalen-1-yl)-1H-inden-1-yl)benzenesulfonamide (2m)
Yield: 91%, 37.4 mg. 1H NMR (500 MHz, CDCl3) δ 7.95 – 7.86 (m, 4H), 
7.78 (d, J = 8.5 Hz, 1H), 7.52 – 7.49 (t, J = 7.6 Hz, 2H), 7.43 – 7.33 (m, 5H), 
7.23 – 7.16 (m, 2H), 6.93 (dd, J = 5.8, 2.5 Hz, 1H), 6.16 (d, J = 2.0 Hz, 1H), 
5.21 (d, J = 9.5 Hz, 1H), 4.81 (d, J = 9.5 Hz, 1H), 2.44 (s, 3H). 13C NMR 
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(126 MHz, CDCl3) δ 145.51, 143.92, 143.71, 143.56, 138.09, 133.79, 133.40, 132.39, 131.46, 
130.09, 128.73, 128.58, 128.51, 127.41, 126.64, 126.43, 126.19, 126.16, 125.89, 125.50, 124.07, 
121.56, 60.00, 21.73. HRMS (ESI) m/z (M+Na)+: calculated for C26H21NNaO2S: 434.1191, found: 
434.1182. [α]20

D = -3.2 (c = 0.31, acetone). The product was analyzed by HPLC to determine 
the enantiomeric excess: 80% ee; (CHIRALPAK AD-H, hexane/i-PrOH = 95/5, flow rate: 1.0 
mL/min, T = 30 °C, 254 nm), tR (major) = 29.22 min, tR (minor) = 25.27 min. The absolute 
configuration was assigned tentatively by analogy.

(S)-N-(2,3-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2n)
Yield: 98%, 30.7 mg. 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.3 Hz, 2H), 
7.37 (d, J = 8.3 Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H), 7.07 (d, J = 7.4 Hz, 1H), 6.98 
(t, J = 7.4 Hz, 1H), 6.77 (d, J = 7.3 Hz, 1H), 4.68 (d, J = 9.6 Hz, 1H), 4.42 (d, J 
= 9.7 Hz, 1H), 2.48 (s, 3H), 1.94 (s, 3H), 1.81 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 145.31, 143.71, 142.87, 138.76, 138.05, 134.17, 129.98, 128.45, 
127.41, 125.18, 123.09, 118.42, 62.49, 21.75, 11.25, 10.46. HRMS (ESI) m/z 

(M+Na)+: calculated for C18H19NNaO2S: 336.1034, found: 336.1031. [α]20
D = -59.2 (c = 0.53, 

acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 77% ee; 
(CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) 
= 8.30 min, tR (minor) = 8.58 min. The absolute configuration was assigned tentatively by analogy.

(S)-4-methyl-N-(1,2,3,8-tetrahydrocyclopenta[a]inden-8-yl)benzenesulfonamide (2o)
Yield: 85%, 27.7 mg. 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.2 Hz, 2H), 
7.34 (d, J = 8.2 Hz, 2H), 7.19 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 7.3 Hz, 1H), 7.03 
(dd, J = 16.9, 7.4 Hz, 2H), 4.71 (d, J = 9.4 Hz, 1H), 4.57 (d, J = 9.5 Hz, 1H), 
2.51 – 2.43 (m, 2H), 2.46 (s, 3H), 2.31 – 2.23 (m, 2H), 2.22 – 2.16 (m, 1H), 
2.14 – 2.05 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 150.88, 149.59, 148.60, 
143.67, 140.01, 138.36, 129.89, 128.32, 127.40, 125.16, 124.10, 119.15, 56.56, 

27.72, 27.65, 26.59, 21.73. HRMS (ESI) m/z (M+Na)+: calculated for C19H19NNaO2S: 348.1034, 
found: 348.1027. [α]20

D = +6.1 (c = 0.52, acetone). The product was analyzed by HPLC to 
determine the enantiomeric excess: 87% ee; (CHIRALPAK IG, hexane/i-PrOH = 70/30, flow 
rate: 0.5 mL/min, T = 30 °C, 254 nm), tR (major) = 19.95 min, tR (minor) = 17.79 min. The absolute 
configuration was assigned tentatively by analogy.

(S)-4-methyl-N-(2,3,4,9-tetrahydro-1H-fluoren-9-yl)benzenesulfonamide (2p)
Yield: 65%, 22.0 mg. 1H NMR (500 MHz, CDCl3) δ 7.89 – 7.86 (m, 2H), 7.36 
(d, J = 8.0 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 7.05 (d, J = 7.4 Hz, 1H), 7.03 – 
6.96 (m, 1H), 6.89 (dd, J = 7.3, 0.5 Hz, 1H), 4.70 (d, J = 9.5 Hz, 1H), 4.46 (d, J 
= 9.5 Hz, 1H), 2.48 (s, 3H), 2.37 – 2.18 (m, 3H), 1.96 (dd, J = 16.7, 13.0 Hz, 
1H), 1.80 – 1.61 (m, 4H).
13C NMR (126 MHz, CDCl3) δ 144.08, 143.66, 143.37, 141.20, 138.59, 137.76, 

129.93, 128.36, 127.38, 125.23, 123.33, 118.00, 61.23, 22.89, 22.82, 22.32, 22.12, 21.75. HRMS 
(ESI) m/z (M+Na)+: calculated for C20H21NNaO2S: 362.1191, found: 362.1181. [α]20

D = -49.4 (c = 
0.32, acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 94% 
ee; (CHIRALPAK IE, hexane/i-PrOH = 80/20, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR 
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(major) = 11.81 min, tR (minor) = 12.68 min. The absolute configuration was assigned tentatively 
by analogy.

(S)-N-(2,7-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2q)
Yield: 79%, 24.8 mg. 1H NMR (500 MHz, CDCl3) δ 7.76 (d, J = 8.2 Hz, 2H), 
7.28 (d, J = 8.1 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 7.3 Hz, 1H), 6.79 
(d, J = 7.6 Hz, 1H), 6.26 (s, 1H), 4.88 (d, J = 9.5 Hz, 1H), 4.37 (d, J = 9.5 Hz, 
1H), 2.43 (s, 3H), 2.13 (s, 3H), 1.71 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 
146.33, 143.51, 143.44, 140.15, 139.37, 134.63, 129.70, 128.81, 128.45, 

127.37, 127.09, 118.10, 62.53, 21.68, 18.14, 14.56. HRMS (ESI) m/z (M+H)+: calculated for 
C18H20NO2S: 314.1215, found: 314.1208. [α]20

D = -42.1 (c = 0.46, acetone). The product was 
analyzed by HPLC to determine the enantiomeric excess: 84% ee; (CHIRALPAK IE, hexane/i-
PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 6.56 min, tR (minor) = 7.68 
min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(2,5-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2r)
Yield: 84%, 26.3 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.1 Hz, 
2H), 7.36 (d, J = 8.0 Hz, 2H), 6.90 (s, 1H), 6.76 (d, J = 7.5 Hz, 1H), 6.59 
(d, J = 7.5 Hz, 1H), 6.27 (s, 1H), 4.66 (d, J = 9.6 Hz, 1H), 4.49 (d, J = 9.6 
Hz, 1H), 2.48 (s, 3H), 2.28 (s, 3H), 1.89 (s, 3H). 13C NMR (126 MHz, 
CDCl3) δ 146.34, 143.72, 143.58, 140.59, 138.66, 138.38, 129.95, 127.86, 

127.38, 125.62, 123.15, 121.28, 62.26, 21.73, 21.52, 14.05. HRMS (ESI) m/z (M+H)+: calculated 
for C18H20NO2S: 314.1215, found: 314.1209. [α]20

D = +83.5 (c = 0.46, acetone). The product was 
analyzed by HPLC to determine the enantiomeric excess: 95% ee; (CHIRALPAK IE, hexane/i-
PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 8.66 min, tR (minor) = 15.86 
min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(2,4-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2s)
Yield: 75%, 23.5 mg. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 7.8 Hz, 2H), 
7.36 (d, J = 7.8 Hz, 2H), 6.96 (d, J = 7.5 Hz, 1H), 6.86 (t, J = 7.4 Hz, 1H), 6.57 
(d, J = 7.3 Hz, 1H), 6.43 (s, 1H), 4.69 (d, J = 9.5 Hz, 1H), 4.51 (d, J = 9.5 Hz, 
1H), 2.48 (s, 3H), 2.28 (s, 3H), 1.92 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
145.52, 143.73, 143.38, 141.93, 138.65, 129.97, 129.70, 129.61, 127.36, 126.10, 
125.08, 120.85, 62.78, 21.74, 18.15, 14.12. HRMS (ESI) m/z (M+Na)+: 

calculated for C18H19NNaO2S: 336.1034, found: 336.1029. [α]20
D = +34.0 (c = 0.40, acetone). The 

product was analyzed by HPLC to determine the enantiomeric excess: 89% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 8.20 min, tR 
(minor) = 9.37 min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(5-fluoro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2t)
Yield: 50%, 15.9 mg. 1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.2 Hz, 
2H), 7.36 (d, J = 8.1 Hz, 2H), 6.76 (dd, J = 8.7, 2.2 Hz, 1H), 6.72 (dd, J = 
8.1, 5.1 Hz, 1H), 6.66 – 6.59 (m, 1H), 6.27 (s, 1H), 4.65 (d, J = 9.7 Hz, 1H), 
4.60 (d, J = 9.7 Hz, 1H), 2.48 (s, 3H), 1.88 (s, 3H). 13C NMR (126 MHz, 
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CDCl3) δ 163.52 (d, J = 244.6 Hz), 148.46, 145.38 (d, J = 9.3 Hz), 143.91, 138.83 (d, J = 2.6 Hz), 
138.46, 130.01, 127.35, 127.27 (d, J = 2.7 Hz), 124.45 (d, J = 9.2 Hz), 111.38, 111.20, 108.03, 
107.85, 61.87, 21.73, 14.12. 19F NMR (471 MHz, CDCl3) δ -114.19. HRMS (ESI) m/z (M+Na)+: 
calculated for C17H16FNNaO2S: 340.0783, found: 340.0776. [α]20

D = -84.0 (c = 0.29, acetone). The 
product was analyzed by HPLC to determine the enantiomeric excess: 95% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 6.89 min, tR 
(minor) = 9.60 min. The absolute configuration was assigned tentatively by analogy.

(S)-N-(5-methoxy-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2u)
Yield: 74%, 24.4 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.1 
Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 6.64 (d, J = 2.2 Hz, 1H), 6.60 (d, J = 
8.2 Hz, 1H), 6.46 (dd, J = 8.2, 2.2 Hz, 1H), 6.27 (s, 1H), 4.65 (d, J = 9.6 
Hz, 1H), 4.49 (d, J = 9.6 Hz, 1H), 3.75 (s, 3H), 2.48 (s, 3H), 1.90 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 160.33, 147.51, 144.88, 143.64, 138.55, 

135.30, 129.87, 127.62, 127.27, 123.91, 109.54, 106.89, 61.86, 55.43, 21.63, 14.03. HRMS (ESI) 
m/z (M+Na)+: calculated for C18H19NNaO3S: 352.0983, found: 352.0983. [α]20

D = +36.1 (c = 0.32, 
acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee; 
(CHIRALPAK AD-H, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR 
(major) = 7.71 min, tR (minor) = 9.93 min. The absolute configuration was assigned tentatively by 
analogy.

(S)-N-(5-chloro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2v)
Yield: 45%, 15.0 mg. 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.78 (m, 2H), 
7.36 (dd, J = 8.5, 0.6 Hz, 2H), 7.06 (d, J = 1.9 Hz, 1H), 6.93 (dd, J = 7.9, 
1.9 Hz, 1H), 6.72 – 6.69 (m, 1H), 6.28 (dt, J = 1.6, 0.6 Hz, 1H), 4.73 – 
4.60 (m, 1H), 4.55 (d, J = 9.7 Hz, 1H), 2.48 (s, 3H), 1.88 (d, J = 0.7 Hz, 
3H). 13C NMR (126 MHz, CDCl3) δ 148.01, 145.03, 143.98, 141.75, 

138.42, 134.47, 130.04, 127.37, 127.18, 124.90, 124.44, 120.73, 62.08, 21.75, 14.09. HRMS (ESI) 
m/z (M+H)+: calculated for C17H17ClNO2S: 334.0669, found: 334.0661. [α]20

D = +68.5 (c = 0.40, 
acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 95% ee; 
(CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) 
= 7.38 min, tR (minor) = 13.05 min. The absolute configuration was assigned tentatively by analogy.

(S)-4-methyl-N-(6-methyl-5H-indeno[5,6-d][1,3]dioxol-5-yl)benzenesulfonamide (2w)
Yield: 93%, 40.4 mg. 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.3 Hz, 
2H), 7.36 (dd, J = 8.6, 0.6 Hz, 2H), 6.57 (s, 1H), 6.30 (s, 1H), 6.21 – 6.17 
(m, 1H), 5.87 (d, J = 1.4 Hz, 1H), 5.87 (d, J = 1.4 Hz, 1H), 4.57 (s, 2H), 
2.47 (s, 3H), 1.83 (d, J = 1.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 
147.78, 145.60, 144.96, 143.86, 138.57, 137.22, 136.97, 130.00, 127.40, 

127.34, 105.59, 101.85, 101.12, 62.18, 21.72, 13.97. HRMS (ESI) m/z (M+Na)+: calculated for 
C18H17NNaO4S: 366.0776, found: 366.0768. [α]20

D = -83.9 (c = 0.29, acetone). The product was 
analyzed by HPLC to determine the enantiomeric excess: 93% ee; (CHIRALPAK IE, hexane/i-
PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 7.97 min, tR (minor) = 11.40 
min. The absolute configuration was assigned tentatively by analogy.
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4-methyl-N-((6aR,7S,11bS)-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4a)

Yield: 73%, 28.6 mg. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.2 Hz, 2H), 
7.44 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 3H), 7.23 (d, J = 7.5 Hz, 1H), 7.17 
– 7.05 (m, 2H), 6.91 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 8.1 Hz, 2H), 4.97 (d, J = 
8.7 Hz, 1H), 4.90 – 4.81 (m, 1H), 4.45 (d, J = 7.8 Hz, 1H), 4.08 (dd, J = 11.3, 
3.1 Hz, 1H), 3.98 (dd, J = 11.3, 5.0 Hz, 1H), 2.81 – 2.69 (m, 1H), 2.46 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 154.67, 144.73, 143.88, 140.74, 138.01, 130.08, 
129.80, 129.07, 128.05, 127.76, 127.24, 125.26, 124.77, 123.41, 121.51, 

117.80, 64.55, 58.71, 47.74, 41.37, 21.74. HRMS (ESI) m/z (M+H)+: calculated for C23H22NO3S: 
392.1320, found: 392.1320. 
[α]20

D = -39.5 (c = 0.34, acetone). The product was analyzed by HPLC to determine the 
enantiomeric excess: 91% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, 
T = 30 °C, 254 nm), tR (major) = 14.27 min, tR (minor) = 12.20 min. The absolute configuration was 
assigned tentatively by analogy.

4-methyl-N-((6aR,7S,11bS)-2-methyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4b)

Yield: 63%, 25.5 mg. 1H NMR (400 MHz, CDCl3) δ 7.90 – 7.83 (m, 2H), 7.45 
(d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.28 – 7.22 (m, 1H), 7.13 (dt, J = 
10.2, 5.0 Hz, 2H), 6.89 (dd, J = 8.3, 2.1 Hz, 1H), 6.84 (d, J = 7.6 Hz, 1H), 6.74 
(d, J = 8.3 Hz, 1H), 4.99 (d, J = 8.8 Hz, 1H), 4.92 – 4.83 (m, 1H), 4.40 (d, J = 
7.9 Hz, 1H), 4.04 (dd, J = 11.3, 3.1 Hz, 1H), 3.96 (dd, J = 11.3, 4.8 Hz, 1H), 
2.77 – 2.66 (m, 1H), 2.46 (s, 3H), 2.26 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
152.42, 144.76, 143.84, 140.87, 138.05, 130.71, 130.06, 129.95, 129.01, 
128.48, 127.99, 127.23, 125.28, 124.73, 123.07, 117.53, 64.52, 58.66, 47.93, 

41.37, 21.73, 20.83. HRMS (ESI) m/z (M+H)+: calculated for C24H24NO3S: 406.1477, found: 
406.1473. [α]20

D = -20.9 (c = 0.093, acetone). The product was analyzed by HPLC to determine 
the enantiomeric excess: 91% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 
mL/min, T = 30 °C, 254 nm), tR (major) = 14.57 min, tR (minor) = 10.30 min. The absolute 
configuration was assigned tentatively by analogy.

N-((6aR,7S,11bS)-2-ethyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4c)

Yield: 63%, 26.4 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.0 Hz, 2H), 
7.45 (d, J = 7.5 Hz, 1H), 7.35 (d, J = 7.9 Hz, 2H), 7.31 – 7.21 (m, 1H), 7.17 (s, 
1H), 7.13 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 8.2 Hz, 1H), 6.86 (d, J = 7.5 Hz, 1H), 
6.77 (d, J = 8.3 Hz, 1H), 4.94 (d, J = 8.7 Hz, 1H), 4.91 – 4.82 (m, 1H), 4.42 (d, 
J = 7.8 Hz, 1H), 4.05 (dd, J = 11.2, 2.6 Hz, 1H), 3.96 (dd, J = 11.2, 4.9 Hz, 1H), 
2.77 – 2.70 (m, 1H), 2.56 (q, J = 7.5 Hz, 2H), 2.46 (s, 3H), 1.20 (t, J = 7.6 Hz, 
3H). 13C NMR (126 MHz, CDCl3) δ 152.63, 144.84, 143.85, 140.85, 138.07, 
137.24, 130.06, 129.04, 128.82, 127.99, 127.28, 127.26, 125.26, 124.77, 

123.08, 117.58, 64.58, 58.74, 47.86, 41.47, 28.27, 21.73, 15.95. HRMS (ESI) m/z (M+H)+: 
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calculated for C25H26NO3S: 420.1633, found: 420.1636. [α]20
D = -44.6 (c = 0.25, acetone). The 

product was analyzed by HPLC to determine the enantiomeric excess: 91% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 12.74 min, tR 
(minor) = 17.37 min. The absolute configuration was assigned tentatively by analogy.

N-((6aR,7S,11bS)-2-fluoro-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4d)

Yield: 56%, 22.9 mg. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 2H), 
7.42 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.30 – 7.22 (m, 1H), 7.15 (t, 
J = 7.5 Hz, 1H), 7.07 – 6.98 (m, 1H), 6.83 (d, J = 7.6 Hz, 1H), 6.78 (dd, J = 7.5, 
1.8 Hz, 2H), 4.95 – 4.83 (m, 2H), 4.41 (d, J = 7.9 Hz, 1H), 4.04 (d, J = 3.7 Hz, 
2H), 2.77 – 2.72 (m, 1H), 2.46 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 157.38 
(d, J = 239.5 Hz), 150.74, 144.06, 143.97, 140.88, 138.02, 130.12, 129.26, 
128.35, 127.27, 125.19, 124.71, 118.90 (d, J = 8.1 Hz), 115.43 (d, J = 22.9 Hz), 
114.81, 114.63, 64.72, 58.61, 47.96, 41.63, 21.76. HRMS (ESI) m/z (M+H)+: 

calculated for C23H21FNO3S: 410.1226, found: 410.1228. [α]20
D = -36.2 (c = 0.5, acetone). The 

product was analyzed by HPLC to determine the enantiomeric excess: 92% ee; (CHIRALPAK 
IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 11.32 min, tR 
(minor) = 9.53 min. The absolute configuration was assigned tentatively by analogy.

N-((6aR,7S,11bS)-2-methoxy-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4e)

Yield: 61%, 25.7 mg. 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.3 Hz, 2H), 
7.44 (d, J = 7.6 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.24 (t, J = 7.6 Hz, 1H), 7.13 
(t, J = 7.4 Hz, 1H), 6.88 (d, J = 2.8 Hz, 1H), 6.83 (d, J = 7.5 Hz, 1H), 6.78 (d, J 
= 8.9 Hz, 1H), 6.66 (dd, J = 8.9, 2.9 Hz, 1H), 4.95 – 4.83 (m, 2H), 4.41 (d, J = 
8.0 Hz, 1H), 4.06 – 3.96 (m, 2H), 3.75 (s, 3H), 2.75 – 2.70 (m, 1H), 2.46 (s, 
3H). 13C NMR (126 MHz, CDCl3) δ 154.05, 148.67, 144.53, 143.87, 140.96, 
138.06, 130.07, 129.08, 128.11, 127.25, 125.21, 124.71, 124.23, 118.37, 
114.52, 113.42, 64.66, 58.68, 55.83, 48.07, 41.75, 21.74. HRMS (ESI) m/z 

(M+H)+: calculated for C24H24NO4S: 422.1426, found: 422.1426. [α]20
D = -50.6 (c = 0.40, acetone). 

The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee; 
(CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) 
= 24.94 min, tR (minor) = 14.96 min. The absolute configuration was assigned tentatively by 
analogy.

7. Procedure for the synthesis of 7.
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To the Schlenk tube charged with a solution of 2b (2.8 mmol, 0.8 g, 83% ee) in anhydrous CH3OH 
(10 mL) were added 10% Pd/C (0.1 equiv, 0.28 mmol, 280 mg) and a stir ball. After being stirred 
at 25 oC under a H2 atmosphere overnight, the mixture was filtrated with silica gel and concentrated 

O

NHTs

MeO
4e

H
H

H

O

NHTs

F
4d

H
H

H



S23

in vacuo. The residue was purified by flash column chromatography on silica gel (EtOAc: Petroleum 
ether = 1 : 10) to give 5 (0.740 g) in 95% yield.

To a round bottom flask containing compound 5 (0.114 g, 0.4 mmol) was added solution of 
SmI2 (40 mL, 0.1 M, 4 mmol), H2O (0.108 g, 6 mmol), and pyrrolidine (0.284 g, 2 mmol). The 
solution was stirred at room temperature for 12 h. The mixture was diluted with EtOAc, washed 
with NaHCO3, extracted with EtOAc, dried over Na2SO4, and filtered. The filtrate was evaporated 
under reduced pressure and the resulting residue was purified by flash column chromatography 
(EtOAc: Petroleum ether = 1: 20) on silica gel to afford 6 (0.040 g) in 76% yield.

Potassium carbonate (0.028 g, 0.2 mmol) was added to a solution of 6 (0.026 g, 0.2 mmol) in 
acetonitrile (5 mL). Propargyl bromide (0.024 g, 0.2 mmol) was added to the reaction mixture with 
stirring at room temperature. After stirring at 30 °C for 12 h, potassium carbonate was filtered off, 
and acetonitrile was removed by evaporation under reduced pressure. Water (10 mL) was added to 
the mixture. The mixture was extracted with Et2O (10 mL × 3). The combined organic phase was 
washed with saturated aqueous NaCl and dried over MgSO4, then concentrated in vacuo. The crude 
residue was purified by silica chromatography (EtOAc: Petroleum ether = 1: 40) to give 7 (0.027 g) 
in 79% yield.

8. Characterizations for the products 5, 6 and 7.

(S)-N-(2,3-dihydro-1H-inden-1-yl)-4-methylbenzenesulfonamide (5)
Yield: 95%, 0.74 g. 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 8.3 Hz, 2H), 
7.34 (d, J = 8.1 Hz, 2H), 7.24 – 7.11 (m, 3H), 7.08 (d, J = 7.4 Hz, 1H), 4.88 – 
4.67 (m, 2H), 2.89 (ddd, J = 16.0, 8.7, 3.6 Hz, 1H), 2.77 – 2.69 (m, 1H), 2.45 
(s, 3H), 2.37 – 2.27 (m, 1H), 1.79 – 1.70 (m, 1H). 13C NMR (101 MHz, CDCl3) 

δ 143.61, 142.96, 142.11, 138.30, 129.93, 128.43, 127.27, 126.99, 124.94, 124.21, 58.85, 34.87, 
30.09, 21.71. HRMS (ESI) m/z (M+Na)+: calculated for C16H17NNaO2S: 310.0878, found: 
310.0871. [α]20

D = -23.9 (c = 0.53, acetone). The product was analyzed by HPLC to determine 
the enantiomeric excess: 83% ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 
mL/min, T = 30 °C, 254 nm), tR (major) =24.14 min, tR (minor) = 36.99 min. The absolute 
configuration was assigned tentatively by analogy. 

 (S)-2,3-dihydro-1H-inden-1-amine (6)
Yield: 76%, 40.0 mg. 1H NMR (400 MHz, CDCl3) δ 7.34 – 7.32 (m, 1H), 7.25 – 
7.17 (m, 3H), 4.36 (t, J = 7.5 Hz, 1H), 2.96 (ddd, J = 15.8, 8.6, 3.2 Hz, 1H), 2.89 
– 2.73 (m, 1H), 2.54 – 2.47 (m, 1H), 1.74 – 1.64 (m, 3H). 13C NMR (101 MHz, 
CDCl3) δ 147.48, 143.14, 127.24, 126.54, 124.73, 123.36, 57.31, 37.39, 30.16. 

HRMS (ESI) m/z (M+H)+: calculated for C9H12N: 134.0970, found: 134.0970. [α]20
D = -53.4 (c = 

0.5, acetone). The product was analyzed by HPLC to determine the enantiomeric excess: 88% 
ee; (CHIRALPAK IE, hexane/i-PrOH = 70/30, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR 
(major) = 7.97 min, tR (minor) = 11.40 min. The absolute configuration was assigned tentatively by 
analogy.

(S)-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-inden-1-amine (7)
Yield: 79%, 27.0 mg. 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 6.6 Hz, 1H), 
7.26 – 7.15 (m, 3H), 4.42 (t, J = 6.0 Hz, 1H), 3.61 – 3.44 (m, 2H), 3.10 – 2.98 

NHH

NH2H

NHTsH
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(m, 1H), 2.90 – 2.77 (m, 1H), 2.45 – 2.26 (m, 1H), 2.26 (s, 1H), 1.91 –1.83 (m, 1H), 1.54 (brs, 1H). 
13C NMR (101 MHz, CDCl3) δ 144.61, 143.94, 127.76, 126.38, 125.00, 124.31, 82.60, 
71.52, 61.98, 36.29, 33.45, 30.58. HRMS (ESI) m/z (M+H)+: calculated for C12H14N: 
172.1126, found: 172.1110. [α]20

D = -4.2 (c = 0.54, acetone). The product was 
analyzed by HPLC to determine the enantiomeric excess: 89% ee; (CHIRALPAK 
AS, hexane/i-PrOH = 97/3, flow rate: 1.0 mL/min, T = 30 °C, 254 nm), tR (major) = 
5.18 min, tR (minor) = 5.95 min. The absolute configuration was assigned tentatively 
by analogy.



S25

9. X-ray Single Crystal Data for 2e

NHTs

2e

C3H7

H

Identification code 191118shc

Empirical formula C19 H21 N O2 S

Formula weight 327.43

Temperature 170.02 K

Wavelength 1.34139 Å

Crystal system Triclinic

Space group P1

Unit cell dimensions a = 5.1578(3) Å = 92.623(2)°.

b = 8.9611(4) Å = 103.7520(10)°.

c = 9.5418(5) Å  = 95.143(2)°.

Volume 425.62(4) Å3

Z 1

Density (calculated) 1.277 Mg/m3

Absorption coefficient 1.140 mm-1

F(000) 174

Crystal size 0.08 x 0.06 x 0.05 mm3

Theta range for data collection 5.790 to 54.965°.

Index ranges -6<=h<=6, -10<=k<=10, -11<=l<=11

Reflections collected 7143

Independent reflections 3092 [R(int) = 0.0477]

Completeness to theta = 53.594° 98.5 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7508 and 0.5114

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3092 / 3 / 214

Goodness-of-fit on F2 1.071

Final R indices [I>2sigma(I)] R1 = 0.0368, wR2 = 0.0916

R indices (all data) R1 = 0.0374, wR2 = 0.0922

Absolute structure parameter 0.048(11)

Extinction coefficient n/a

Largest diff. peak and hole 0.384 and -0.232 e.Å-3
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10. X-ray Single Crystal Data for 4e

4e

O

NHTsH

H

H

MeO

Identification code 200110dd_0m

Empirical formula C24 H23 N O4 S

Formula weight 421.49

Temperature 200 K

Wavelength 1.34139 Å

Crystal system Monoclinic

Space group P 1 21 1

Unit cell dimensions a = 8.1788(3) Å = 90°.

b = 7.7926(3) Å = 103.581(2)°.

c = 16.7712(6) Å  = 90°.

Volume 1039.01(7) Å3

Z 2

Density (calculated) 1.347 Mg/m3

Absorption coefficient 1.064 mm-1

F(000) 444

Crystal size 0.1 x 0.08 x 0.006 mm3

Theta range for data collection 4.720 to 54.960°.

Index ranges -9<=h<=9, -9<=k<=9, -20<=l<=20

Reflections collected 13886

Independent reflections 3912 [R(int) = 0.0470]

Completeness to theta = 53.594° 99.5 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7508 and 0.6256

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3912 / 1 / 273

Goodness-of-fit on F2 1.048

Final R indices [I>2sigma(I)] R1 = 0.0356, wR2 = 0.0896

R indices (all data) R1 = 0.0389, wR2 = 0.0926

Absolute structure parameter 0.037(10)

Extinction coefficient n/a

Largest diff. peak and hole 0.286 and -0.320 e.Å-3
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11. NMR spectra for substrates, products, 5, 6 and 7.

4-methyl-N-((E)-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1a)
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4-methyl-N-((E)-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1b)
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4-methyl-N-((E)-2-((E)-styryl)benzylidene)benzenesulfonamide (1c)
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4-methyl-N-((E)-2-((E)-3-phenylprop-1-en-1-yl)benzylidene)benzenesulfonamide (1d)
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4-methyl-N-((E)-2-((E)-pent-1-en-1-yl)benzylidene)benzenesulfonamide (1e)
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N-((E)-2-((E)-2-cyclopropylvinyl)benzylidene)-4-methylbenzenesulfonamide (1f)
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N-((E)-2-((E)-2-cyclohexylvinyl)benzylidene)-4-methylbenzenesulfonamide (1g)

 



S34

N-((E)-2-((E)-3,3-dimethylbut-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1h)
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(E)-4-methyl-N-(2-(prop-1-en-2-yl)benzylidene)benzenesulfonamide (1i)
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(E)-N-(2-(3,3-dimethylbut-1-en-2-yl)benzylidene)-4-methylbenzenesulfonamide (1j)
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(E)-4-methyl-N-(2-(1-phenylvinyl)benzylidene)benzenesulfonamide (1k)
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(E)-N-(2-(1-(3,4-dichlorophenyl)vinyl)benzylidene)-4-methylbenzenesulfonamide (1l)
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(E)-4-methyl-N-(2-(1-(naphthalen-1-yl)vinyl)benzylidene)benzenesulfonamide (1m)



S40

N-((E)-2-((E)-but-2-en-2-yl)benzylidene)-4-methylbenzenesulfonamide (1n)
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(E)-N-(2-(cyclopent-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1o)
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(E)-4-methyl-N-((2',3',4',5'-tetrahydro-[1,1'-biphenyl]-2-yl)methylene)benzenesulfonamide (1p)
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4-methyl-N-((E)-2-methyl-6-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1q)
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4-methyl-N-((E)-4-methyl-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1r)
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4-methyl-N-((E)-3-methyl-2-((E)-prop-1-en-1-yl)benzylidene)benzenesulfonamide (1s)
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N-((E)-4-fluoro-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1t)
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N-((E)-4-methoxy-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1t)
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N-((E)-4-chloro-2-((E)-prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (1v)
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4-methyl-N-((E)-(6-((E)-prop-1-en-1-yl)benzo[d][1,3]dioxol-5-yl)methylene)benzenesulfonamide 
(1w)
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4-methyl-N-((E)-2-((E)-3-phenoxyprop-1-en-1-yl)benzylidene)benzenesulfonamide (3a)



S51

4-methyl-N-((E)-2-((E)-3-(p-tolyloxy)prop-1-en-1-yl)benzylidene)benzenesulfonamide (3b)
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N-((E)-2-((E)-3-(4-ethylphenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (3c)
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N-((E)-2-((E)-3-(4-fluorophenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide (3d)
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N-((E)-2-((E)-3-(4-methoxyphenoxy)prop-1-en-1-yl)benzylidene)-4-methylbenzenesulfonamide 
(3e)
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4-methyl-N-((E)-2-((E)-3-(4-(trifluoromethyl)phenoxy)prop-1-en-1- 
yl)benzylidene)benzenesulfonamide  (3f)
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(S)-4-methyl-N-(2-methyl-1H-inden-1-yl)benzenesulfonamide (2a)
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(S)-N-(1H-inden-1-yl)-4-methylbenzenesulfonamide (2b)
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(R)-4-methyl-N-(2-phenyl-1H-inden-1-yl)benzenesulfonamide (2c)
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(S)-N-(2-benzyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2d)
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(S)-4-methyl-N-(2-propyl-1H-inden-1-yl)benzenesulfonamide  (2e)
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(S)-N-(2-cyclopropyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2f)
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(S)-N-(2-cyclohexyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2g)
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(S)-N-(2-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2h)
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(S)-4-methyl-N-(3-methyl-1H-inden-1-yl)benzenesulfonamid (2i)
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(S)-N-(3-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2j)
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(S)-4-methyl-N-(3-phenyl-1H-inden-1-yl)benzenesulfonamide (2k)
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(S)-N-(3-(3,4-dichlorophenyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2l)
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(S)-4-methyl-N-(3-(naphthalen-1-yl)-1H-inden-1-yl)benzenesulfonamide (2m)
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(S)-N-(2,3-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2n)
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(S)-4-methyl-N-(1,2,3,8-tetrahydrocyclopenta[a]inden-8-yl)benzenesulfonamide (2o)
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(S)-4-methyl-N-(2,3,4,9-tetrahydro-1H-fluoren-9-yl)benzenesulfonamide (2p)
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(S)-N-(2,7-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2p)
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(S)-N-(2,5-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2r)
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(S)-N-(2,4-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2s)
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(S)-N-(5-fluoro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2t)



S76



S77

(S)-N-(5-methoxy-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2u)
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(S)-N-(5-chloro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2v)
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(S)-4-methyl-N-(6-methyl-5H-indeno[5,6-d][1,3]dioxol-5-yl)benzenesulfonamide (2w)
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4-methyl-N-((6aR,7S,11bS)-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4a)
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4-methyl-N-((6aR,7S,11bS)-2-methyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4b)
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N-((6aR,7S,11bS)-2-ethyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4c)
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N-((6aR,7S,11bS)-2-fluoro-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4d)

 



S84



S85

N-((6aR,7S,11bS)-2-methoxy-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4e)
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(S)-N-(2,3-dihydro-1H-inden-1-yl)-4-methylbenzenesulfonamide (5)
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(S)-2,3-dihydro-1H-inden-1-amine (6)
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(S)-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-inden-1-amine (7)
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12. HPLC spectra for products, 5, 6 and 7.

(S)-4-methyl-N-(2-methyl-1H-inden-1-yl)benzenesulfonamide (2a)
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(S)-N-(1H-inden-1-yl)-4-methylbenzenesulfonamide (2b)
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(R)-4-methyl-N-(2-phenyl-1H-inden-1-yl)benzenesulfonamide (2c)
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(S)-N-(2-benzyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2d)
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(S)-4-methyl-N-(2-propyl-1H-inden-1-yl)benzenesulfonamide (2e)
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(S)-N-(2-cyclopropyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2f)
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(S)-N-(2-cyclohexyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2g)
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(S)-N-(2-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2h)
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(S)-4-methyl-N-(3-methyl-1H-inden-1-yl)benzenesulfonamid (2i)
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(S)-N-(3-(tert-butyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2j)
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(S)-4-methyl-N-(3-phenyl-1H-inden-1-yl)benzenesulfonamide (2k)
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(S)-N-(3-(3,4-dichlorophenyl)-1H-inden-1-yl)-4-methylbenzenesulfonamide (2l)
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(S)-4-methyl-N-(3-(naphthalen-1-yl)-1H-inden-1-yl)benzenesulfonamide (2m)
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(S)-N-(2,3-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2n)
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(S)-4-methyl-N-(1,2,3,8-tetrahydrocyclopenta[a]inden-8-yl)benzenesulfonamide (2o)
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(S)-4-methyl-N-(2,3,4,9-tetrahydro-1H-fluoren-9-yl)benzenesulfonamide (2p)
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(S)-N-(2,7-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2q)
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(S)-N-(2,5-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2r)
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(S)-N-(2,4-dimethyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2s)
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(S)-N-(5-fluoro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2t)
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(S)-N-(5-methoxy-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2u)
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(S)-N-(5-chloro-2-methyl-1H-inden-1-yl)-4-methylbenzenesulfonamide (2v)
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(S)-4-methyl-N-(6-methyl-5H-indeno[5,6-d][1,3]dioxol-5-yl)benzenesulfonamide (2w)
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4-methyl-N-((6aR,7S,11bS)-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4a)
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4-methyl-N-((6aR,7S,11bS)-2-methyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-
yl)benzenesulfonamide (4b)
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N-((6aR,7S,11bS)-2-ethyl-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4c)
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N-((6aR,7S,11bS)-2-fluoro-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4d)
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N-((6aR,7S,11bS)-2-methoxy-6,6a,7,11b-tetrahydroindeno[2,1-c]chromen-7-yl)-4-
methylbenzenesulfonamide (4e)
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(S)-N-(2,3-dihydro-1H-inden-1-yl)-4-methylbenzenesulfonamide (5)
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(S)-2,3-dihydro-1H-inden-1-amine (6)
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(S)-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-inden-1-amine (7)


