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1. General Information 

Ethyl acetate (ACS grade), hexanes (ACS grade) and anhydrous 1,2-dichloroethane 

(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 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. 



 

 

2. More Reaction Condition and Scope Studies 

 

2.1 Screening of reaction conditions for the copper-catalyzed phenyl cyclopropanation 

reaction.a  

 

 

 

  



 

 

2.2 Screening of chiral ligands for the asymmetric Buchner reaction. 

  

2.3 Screening of chiral ligands for the asymmetric phenyl cyclopropanation reaction. 

  



 

 

2.4 The reaction of 3-bromophenyl-substituted diyne 1ab under the standard reaction 

conditions only gave a complex mixture and no desired product was obtained. 

 

 

2.5 The reaction of 3-fluorophenyl-substituted diyne 3y under the standard reaction 

conditions only gave a complex mixture and no desired product was obtained. 

 

 

 

  



 

 

3. Preparation of Starting Materials 

General procedure for the preparation of diynes 1: 

  

To a solution of PPh3 (21.0 g, 80 mmol) in CH2Cl2 (25 mL) was added CBr4 (13.3 g, 40 

mmol) at 0 °C. The mixture was stirred at 0 °C for 30 min, followed by adding the 

corresponding aldehyde (20 mmol). Then the reaction mixture was stirred at room 

temperature for 1 h. Upon completion, the reaction mixture was diluted with petroleum 

ether, and filtered through a pad of silica gel. The filtrate was concentrated under reduced 

pressure, and purified by column chromatography on silica gel (eluent: petroleum ether) to 

afford the desired product. 

To a solution of the above dibromoalkene (10 mmol) and benzyltriethylammonium 

chloride (2.0 g, 9 mmol) in CH2Cl2 (25 mL) was added a 10% aqueous solution of KOH 

(25.8 g solution, 450 mmol KOH) at 0 °C. The mixture was stirred at 0 °C for 30 min, and 

further stirred at room temperature 24 h. Upon completion, the reaction mixture was 

extracted with CH2Cl2, dried over Na2SO4, filtered and concentrated in vacuo. The desired 

alkynyl bromide product was used in the next step without further purification. 

To a solution of the above alkynyl bromide (1.2 mmol) in toluene (6 mL) were added 

copper bromide (0.25 mmol, 0.036 g), DMEDA (1.0 mmol, 0.107 mL), K3PO4 (4.0 mmol, 

0.849 g) and protected propargylamide derivative (1.2 mmol). The reaction was stirred at 

60 °C  for 5 h and the progress of the reaction was monitored by TLC. Upon completion, 

the solution was filtered and concentrated under reduced pressure. The residue was 

purified by silica gel column chromatography (eluent: hexanes/EtOAc) to afford the 

desired diyne 1 in 46-76% yields. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1a) 



 

 

 

1a 

The compound was isolated in 73% yield according to the general procedure. Yellow solid. 

M.p = 75 – 76 oC. 1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 8.0 Hz, 2H), 7.24 – 7.16 (m, 

7H), 7.11 – 7.07 (m, 2H), 6.79 – 6.75 (m, 2H), 4.39 (s, 2H), 3.79 (s, 3H), 2.81 (t, J = 7.0 

Hz, 2H), 2.59 (t, J = 7.5 Hz, 2H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.7, 

144.4, 140.5, 134.5, 133.1, 129.4, 128.5, 128.3, 128.1, 126.2, 114.2, 113.7, 86.0, 80.1, 

73.6, 70.0, 55.3, 42.8, 35.2, 21.5, 20.6; IR (neat): 3055, 2987, 2307, 1509, 1428, 1266, 

894, 736; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NaO3S
+ 466.1447; Found 

466.1444. 

  

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)methanesulfonamide (1b)  

 

1b 

The compound was isolated in 69% yield according to the general procedure. Pale yellow 

oil. 1H NMR (500 MHz, CDCl3) δ 7.36 (d, J = 9.0 Hz, 2H), 7.29 – 7.12 (m, 5H), 6.85 (d, J 

= 9.0 Hz, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 3.02 (s, 3H), 2.84 (t, J = 7.0 Hz, 2H), 2.62 (t, J = 

7.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 160.1, 140.4, 133.3, 128.5, 128.3, 126.2, 

114.0, 113.8, 86.4, 80.4, 73.4, 70.3, 55.3, 42.8, 37.9, 35.0, 20.5; IR (neat): 3053, 2986, 

2330, 1607, 1509, 1032, 835, 741, 736; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C21H21NNaO3S
+ 390.1134; Found 390.1130. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-yl)ethanesulfonamide 

(1c) 



 

 

 

1c 

The compound was isolated in 68% yield according to the general procedure. Pale yellow 

oil. 1H NMR (500 MHz, CDCl3)
 δ 7.37 (d, J = 8.5 Hz, 2H), 7.28 – 7.20 (m, 4H), 7.20 – 

7.14 (m, 1H), 6.85 (d, J = 8.5 Hz, 2H), 4.42 (s, 2H), 3.81 (s, 3H), 3.22 (q, J = 14.5 Hz, 

2H), 2.84 (t, J = 7.0 Hz, 2H), 2.62 (t, J = 7.0 Hz, 2H), 1.40 (t, J = 7.0 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) δ 160.0, 140.5, 133.3, 128.5, 128.3, 126.2, 114.0, 86.2, 80.9, 73.5, 70.0, 

55.3, 46.3, 42.5, 35.1, 20.6, 7.7; IR (neat): 3056, 2988, 2306, 1423, 1266, 896, 750, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C22H23NNaO3S
+ 404.1291; Found 

404.1293. 

 

N-(3-(4-ethoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1d) 

 

1d 

The compound was isolated in 70% yield according to the general procedure. Yellow solid. 

M.p = 77 – 78 oC.1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.26 – 7.15 (m, 

7H), 7.07 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 4.00 (q, J = 6.8 Hz, 

2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.35 (s, 3H), 1.40 (t, J = 6.8 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 159.1, 144.3, 140.5, 134.4, 133.1, 129.4, 128.4, 128.3, 

128.1, 126.1, 114.2, 114.0, 86.1, 80.0, 73.6, 70.0, 63.5, 42.8, 35.2, 21.5, 20.6, 14.7; IR 

(neat): 3054, 2986, 2359, 1733, 1170, 741, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C28H27NNaO3S
+ 480.1604; Found 480.1600. 

 



 

 

N-(3-(4-(benzyloxy)phenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1e) 

 

1e 

The compound was isolated in 89% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.43 – 7.28 (m, 5H), 7.26 – 

7.13 (m, 7H), 7.07 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.04 (s, 2H), 4.38 (s, 2H), 

2.79 (t, J = 7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 158.8, 144.3, 140.5, 136.4, 134.4, 133.1, 129.3, 128.6, 128.4, 128.2, 128.1, 

128.0, 127.3, 126.1, 114.6, 114.4, 85.9, 80.1, 73.5, 70.0, 69.9, 42.7, 35.1, 21.5, 20.5; IR 

(neat): 3056, 2988, 2307, 1509, 1266, 742, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C33H29NNaO3S
+ 542.1760; Found 542.1761. 

 

N-(3-(4-((tert-butyldimethylsilyl)oxy)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-

phenylbut-1-yn-1-yl)benzenesulfonamide (1f) 

 

1f 

The compound was isolated in 45% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.26 – 7.15 (m, 7H), 7.03 (d, J 

= 8.4 Hz, 2H), 6.71 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 

7.2 Hz, 2H), 2.36 (s, 3H), 0.97 (s, 9H), 0.19 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 156.1, 

144.3, 140.6, 134.5, 133.1, 129.4, 128.5, 128.3, 128.2, 126.2, 119.9, 114.9, 86.1, 80.2, 

73.6, 70.0, 42.8, 35.2, 25.6, 21.6, 20.6, 18.2, -4.4; IR (neat): 3055, 2987, 2306, 1508, 897, 



 

 

741, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C32H37NNaO3SSi+ 566.2156; 

Found 566.2152. 

 

 4-methyl-N-(3-(4-phenoxyphenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1g) 

   

1g 

The compound was isolated in 74% yield according to the general procedure. Yellow solid. 

M.p = 96-97 oC. 1H NMR (400 MHz, CDCl3) δ 7.79 – 7.75 (d, J = 8.0 Hz, 2H), 7.39 – 

7.32 (m, 2H), 7.27 – 7.08 (m, 10H), 7.00 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 

4.40 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 157.8, 156.2, 144.4, 140.5, 134.4, 133.2, 129.9, 129.4, 128.4, 128.3, 128.1, 

126.2, 123.9, 119.4, 118.0, 116.6, 85.6, 80.8, 73.5, 70.1, 42.7, 35.2, 21.6, 20.6; IR (neat): 

3055, 2987, 2306, 1504 1422, 1169, 896, 737; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C32H27NNaO3S
+ 528.1604; Found 528.1600. 

 

 N-(3-(4-ethylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1h) 

 

 

1h 

The compound was isolated in 61% yield according to the general procedure. Yellow solid. 

M.p = 73 – 74 oC. 1H NMR (400 MHz, CDCl3) δ
 7.77 (d, J = 8.0 Hz, 2H), 7.27 – 7.14 (m, 

7H), 7.08 – 7.01 (m, 4H), 4.40 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 



 

 

2.35 (s, 3H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.4, 140.5, 138.6, 134.4, 

131.5, 129.4, 128.8, 128.4, 128.3, 128.1, 126.1, 119.0, 86.2, 80.7, 73.5, 70.0, 42.7, 35.2, 

21.5, 21.4, 20.6; IR (neat): 3054, 2986, 2305, 1509, 1265, 896, 741, 736; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S
+ 450.1498; Found 450.1495. 

 

N-(3-(4-ethylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1i) 

 

 

1i 

The compound was isolated in 88 % yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.26 – 7.14 (m, 7H), 7.10 – 

7.03 (m, 4H), 4.40 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.67 – 2.55 (m, 4H), 2.34 (s, 3H), 1.21 

(t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.9, 144.4, 140.5, 134.4, 131.6, 

129.4, 128.4, 128.3, 128.1, 127.6, 126.1, 119.3, 86.2, 80.7, 73.6, 70.0, 42.7, 35.2, 28.7, 

21.5, 20.6, 15.3; IR (neat): 3055, 2987, 2306, 1423, 1266, 896, 748, 737; HRMS 

(ESI/QTOF) m/z: [M +Na]+ Calcd for C28H27NNaO2S
+ 464.1655; Found 464.1657. 

 

N-(3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1j) 

 

1j 



 

 

The compound was isolated in 87% yield according to the general procedure. Yellow solid. 

M.p = 111 – 112 oC.  1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 8.5 Hz, 2H), 7.25 – 7.18 

(m, 7H), 7.04 (d, J = 9.0 Hz, 2H), 6.55 (d, J = 9.0 Hz, 2H), 4.40 (s, 2H), 2.96 (s, 6H), 2.80 

(t, J = 7.5 Hz, 2H), 2.58 (t, J = 7.5 Hz, 2H), 2.37 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 

150.6, 144.7, 141.0, 134.9, 133.2, 129.8, 128.9, 128.7, 128.5, 126.5, 111.9, 109.3, 87.6, 

79.5, 74.1, 70.4, 43.4, 40.5, 35.6, 21.9(9), 21.9(6), 21.1; IR (neat): 2358, 2250, 1652, 1539, 

1361, 1167, 814, 666, 579, 544; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C28H28N2NaO2S
+ 479.1764; Found 479.1761. 

 

N-(3-(4-(dibenzylamino)phenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1k) 

 

1k 

The compound was isolated in 48% yield according to the general procedure.  Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.6 Hz, 2H), 7.36 – 7.29 (m, 4H), 7.27 – 

7.12 (m, 13H), 6.95 (d, J = 8.0 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 4.64 (s, 4H), 4.37 (s, 

2H), 2.79 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 7.2 Hz, 2H), 2.29 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 149.0, 144.3, 140.6, 137.8, 134.5, 132.9, 129.3, 128.7, 128.5, 128.3, 128.1, 

127.1, 126.4, 126.1, 111.8, 109.6, 86.9, 79.2, 73.6, 69.9, 54.1, 43.0, 35.2, 21.5, 20.6; IR 

(neat): 3604, 3030, 2926, 2253, 2216, 1521, 1363, 815, 736, 698; HRMS (ESI/QTOF) m/z: 

[M + Na]+ Calcd for C40H36N2NaO2S
+ 631.2390; Found 631.2392. 

 

4-methyl-N-(3-(4-(methylthio)phenyl)prop-2-yn-1-yl)-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1l) 



 

 

   

1l 

The compound was isolated in 57% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.24 – 7.17 (m, 7H), 7.13 – 

7.01 (m, 4H), 4.40 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2Hz, 2H), 2.46 (s, 3H), 

2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.4, 140.5, 139.8, 134.4, 131.9, 129.4, 

128.4, 128.3, 128.1, 126.2, 125.6, 118.4, 85.8, 81.5, 73.5, 70.1, 42.7, 35.2, 21.6, 20.6, 

15.3; IR (neat): 3056, 2988, 2306, 1423, 1366, 1171, 896, 748, 742, 706; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S2
+ 482.1219; Found 482.1216. 

 

4-methyl-N-(4-phenylbut-1-yn-1-yl)-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide 

(1m) 

 

1m 

The compound was isolated in 76% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.32 – 7.10 (m, 12H), 4.41 (s, 

2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.34 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 144.4, 140.5, 134.4, 131.6, 129.4, 128.5, 128.4, 128.3, 128.1(3), 128.0(7), 126.2, 

122.1, 86.0, 81.5, 73.5, 70.1, 42.7, 35.2, 21.5, 20.6; IR (neat): 3055, 2987, 2305, 2256, 

1365, 1266, 1170, 896, 737, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C26H23NNaO2S
+ 436.1342; Found 436.1340. 

 

N-(3-(4-fluorophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1n) 



 

 

 

1n 

The compound was isolated in 78% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ
 7.76 (d, J = 8.0 Hz, 2H), 7.28 – 7.15 (m, 7H), 7.15 – 

7.09 (m, 2H), 6.98 – 6.90 (m, 2H), 4.39 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 

Hz, 2H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 162.5 (d, J = 250.1 Hz), 144.4, 

140.5, 134.4, 133.5 (d, J = 8.4 Hz), 129.4, 128.4, 128.3, 128.1, 126.2, 118.2 (d, J = 3.5 

Hz), 115.4 (d, J = 22.1 Hz), 85.0, 81.3, 73.5, 70.1, 42.6, 35.2, 21.5, 20.6; 19F NMR (471 

MHz, CDCl3) δ -110.2; IR (neat): 3056, 2989, 2687, 1603, 1423, 1367, 896, 839, 748, 737; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22FNNaO2S
+ 454.1247; Found 

454.1245. 

 

N-(3-(4-chlorophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1o) 

 

1o 

The compound was isolated in 71% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.4 Hz, 2H), 7.26 – 7.15 (m, 9H), 7.05 (d, J 

= 8.4 Hz, 2H), 4.38 (s, 2H), 2.80 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 2.35 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 144.4, 140.4, 134.5, 134.3, 132.8, 129.4, 128.4, 128.2, 

128.1, 126.1, 120.5, 84.9, 82.5, 73.5, 70.1, 42.6, 35.1, 21.5, 20.5; IR (neat): 3054, 2987, 

2307, 1422, 1366, 1265, 1170, 1090, 896, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C26H22ClNNaO2S
+ 470.0952; Found 470.0945. 



 

 

 

N-(3-(4-bromophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1p) 

 

1p 

The compound was isolated in 78% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.27 

– 7.15 (m, 7H), 6.98 (d, J = 8.4 Hz, 2H), 4.38 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 

7.2 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.5, 140.5, 134.4, 133.0, 

131.4, 129.4, 128.4, 128.3, 128.1, 126.2, 122.8, 121.0, 85.0, 82.8, 73.5, 70.1, 42.6, 35.1, 

21.6, 20.5; IR (neat): 3056, 2989, 2307, 1423, 1266, 897, 742, 737, 706; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22BrNNaO2S
+ 514.0447; Found 514.0044. 

 

methyl 4-(3-((4-methyl-N-(4-phenylbut-1-yn-1-yl)phenyl)sulfonamido)prop-1-yn-1-

yl)benzoate (1q) 

 

1q 

The compound was isolated in 60% yield according to the general procedure. Pale yellow 

oil.  1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.28 

– 7.12 (m, 9H), 4.42 (s, 2H), 3.91 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.60 (t, J = 7.2 Hz, 

2H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.3, 144.5, 140.4, 134.3, 131.5, 129.4, 

129.2, 128.4, 128.3, 128.1, 126.7, 126.2, 85.2, 84.5, 73.4, 70.2, 52.2, 42.6, 35.1, 21.5, 20.5; 



 

 

IR (neat): 3056, 2987, 2307, 1438, 1266, 897, 742, 732, 706; HRMS (ESI/QTOF) m/z: [M 

+ Na]+ Calcd for C28H25NNaO4S
+ 494.1397; Found 494.1395. 

 

N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1r) 

 

1r 

The compound was isolated in 69% yield according to the general procedure. Pale yellow 

oil.  1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.24 – 7.13 (m, 8H), 6.87 – 

6.82 (m, 1H), 6.76 – 6.66 (m, 2H), 4.40 (s, 2H), 3.76 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 

(t, J = 7.2 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.1, 144.5, 140.5, 134.4, 

129.4, 129.2, 128.4, 128.3, 128.1, 126.2, 124.1, 123.1, 117.0, 114.6, 86.0, 81.3, 73.5, 70.1, 

55.2, 42.7, 35.2, 21.5, 20.6; IR (neat): 3056, 2988, 2306, 1423, 1266, 896, 742, 737, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO3S
+ 466.1447; Found 

466.1445. 

 

4-methyl-N-(4-phenylbut-1-yn-1-yl)-N-(3-(m-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (1s) 

 

1s 

The compound was isolated in 80% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.77 (d, J = 8.4 Hz, 2H), 7.24 – 7.07 (m, 9H), 6.97 – 

6.93 (d, J = 8.4 Hz, 2H), 4.40 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 Hz, 2H), 

2.35 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.4, 140.5, 137.7, 134.4, 

132.1, 129.4(0), 129.3(6), 128.7, 128.4, 128.3, 128.1, 128.0, 126.1, 121.9, 86.2, 81.1, 73.5, 



 

 

70.1, 42.7, 35.2, 21.5, 21.2, 20.6; IR (neat): 3056, 2988, 2306, 1423, 1266, 1051, 896, 737, 

706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S
+ 450.1498; Found 

450.1495. 

 

N-(3-(3-bromophenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1t) 

 

1t 

The compound was isolated in 58% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.44 – 7.40 (m, 1H), 7.26 – 

7.16 (m, 8H), 7.15 – 7.06 (m, 2H), 4.40 (s, 2H), 2.82 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 7.2 

Hz, 2H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.6, 140.4, 134.4, 131.7, 130.1, 

129.6, 129.4, 128.4, 128.3, 128.2, 126.2, 124.0, 121.8, 84.4, 82.9, 73.4, 70.1, 42.6, 35.1, 

21.6, 20.5; IR (neat): 3064, 2924, 2256, 1496, 1169, 1090, 1050, 785; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for C26H22BrNNaO2S
+ 514.0447; Found 514.0446. 

 

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1u) 

 

1u 

The compound was isolated in 52% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.4 Hz, 2H), 7.27 – 7.15 (m, 7H), 6.81 – 

6.72 (m, 3H), 4.40 (s, 2H), 3.87 (s, 3H), 3.82 (s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 

7.2 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 149.7, 148.4, 144.3, 140.5, 



 

 

134.4, 129.3, 128.4, 128.3, 128.1, 126.2, 125.1, 114.4, 114.3, 110.8, 86.1, 80.0, 73.6, 70.1, 

55.9, 42.8, 35.2, 21.6, 20.6; IR (neat): 3056, 2987, 2360, 1365, 1266, 896, 747, 742, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H27NNaO4S
+ 496.1553; Found 

496.1550. 

 

N-(3-(4-methoxy-3-methylphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1v) 

 

1v 

The compound was isolated in 77% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.0 Hz, 2H), 7.27 – 7.14 (m, 7H), 7.03 – 

6.98 (m, 1H), 6.92 (s, 1H), 6.68 (d, J = 8.8 Hz, 1H), 4.39 (s, 2H), 3.81 (s, 3H), 2.80 (t, J = 

7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.15 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 158.0, 144.3, 140.5, 134.5, 133.8, 130.7, 129.4, 128.4, 128.3, 128.1, 126.5, 

126.1, 113.6, 109.5, 86.3, 79.6, 73.6, 70.0, 55.3, 42.8, 35.2, 21.6, 20.6, 16.0; IR (neat): 

3057, 2927, 2231, 1503, 1266, 814, 742, 737, 704; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C28H27NNaO3S
+ 480.1604; Found 480.1611. 

 

N-(3-(benzo[d][1,3]dioxol-5-yl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylbut-1-yn-1-

yl)benzenesulfonamide (1w) 

 

 

1w 



 

 

The compound was isolated in 75% yield according to the general procedure. Yellow solid. 

M.p = 72 – 73 oC. 1H NMR (400 MHz, CDCl3) δ
 7.76 (d, J = 8.4 Hz, 2H), 7.27 – 7.14 (m, 

7H), 6.67 (d, J = 0.8 Hz, 2H), 6.51 (s, 1H), 5.93 (s, 2H), 4.37 (s, 2H), 2.80 (t, J = 7.2 Hz, 

2H), 2.59 (t, J = 7.2 Hz, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.0, 147.1, 

144.4, 140.5, 134.4, 129.4, 128.4, 128.2, 128.1, 126.2, 126.1, 115.2, 111.6, 108.1, 101.3, 

85.9, 79.8, 73.5, 70.0, 42.7, 35.1, 21.5, 20.5; IR (neat): 3057, 2988, 2386, 1599, 1491, 

1266, 896, 742, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H23NNaO4S
+ 

480.1240; Found 480.1241. 

 

4-methyl-N-(4-phenylbut-1-yn-1-yl)-N-(3-(thiophen-2-yl)prop-2-yn-1-

yl)benzenesulfonamide (1x) 

 

1x 

The compound was isolated in 58% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.28 – 7.14 (m, 8H), 7.00 (d, J 

= 2.8 Hz, 1H), 6.94 – 6.89 (m, 1H), 4.42 (s, 2H), 2.81 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.2 

Hz, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.5, 140.5, 134.2, 132.5, 129.5, 

128.5, 128.3, 128.1, 127.4, 126.8, 126.2, 122.0, 85.4, 79.4, 73.5, 70.2, 42.8, 35.2, 21.6, 

20.6; IR (neat): 3096, 2932, 2307, 1606, 1369, 1249, 834, 728, 700, 672;  HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C24H21NNaO2S2
+ 442.0906; Found 442.0904. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-(p-tolyl)but-1-yn-1-

yl)benzenesulfonamide (1y) 

 

1y 



 

 

The compound was isolated in 46% yield according to the general procedure. Pale yellow 

oil.  1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.12 

– 7.01 (m, 6H), 6.77 (d, J = 8.8 Hz, 2H), 4.40 (s, 2H), 3.79 (s, 3H), 2.80 – 2.74 (t, J = 7.2 

Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H), 2.36 (s, 3H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 159.7, 144.3, 137.5, 135.6, 134.5, 133.1, 129.4, 129.0, 128.3, 128.2, 114.3, 113.7, 86.0, 

80.1, 73.5, 70.2, 55.3, 42.8, 34.8, 21.6, 21.0, 20.7; IR (neat): 3056, 2988, 2307, 1511, 

1266, 897, 747, 742, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H27NNaO3S
+ 

480.1604; Found 480.1602. 

 

N-(4-(4-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (1z) 

 

1z 

The compound was isolated in 44% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.17 

– 7.05 (m, 4H), 6.90 – 6.83 (m, 2H), 6.78 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s, 3H), 

2.76 (t, J = 7.2 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 161.4 (d, J = 242.0 Hz), 159.8, 144.4, 136.1 (d, J = 3.1 Hz), 134.5, 133.1, 129.9 

(d, J = 8.0 Hz), 129.4, 128.1, 115.0 (d, J = 21.1 Hz), 114.1, 113.8, 86.0, 80.0, 73.8, 69.7, 

55.3, 42.8, 34.2, 21.5, 20.8; 19F NMR (471 MHz, CDCl3) δ -117.1; IR (neat): 3053, 2986, 

2305, 1421, 1265, 1033, 896, 834, 737; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C27H24FNNaO3S
+ 484.1353; Found 484.1345. 

 

N-(4-(4-bromophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (1aa) 

 



 

 

1aa 

The compound was isolated in 46% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.22 

(d, J = 8.4 Hz, 2H), 7.11 – 7.02 (m, 4H), 6.79 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s, 

3H), 2.74 (t, J = 7.2 Hz, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 159.8, 144.5, 139.4, 134.5, 133.1, 131.3, 130.3, 129.4, 128.1, 120.0, 114.1, 

113.8, 86.0, 80.0, 73.9, 69.5, 55.3, 42.8, 34.4, 21.6, 20.4; IR (neat): 3056, 2986, 2256, 

1490, 1266, 897, 834, 737, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C27H24BrNNaO3S
+ 544.0552; Found 544.0550. 

 

N-(4-(3-bromophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (1ab) 

 

The compound was isolated in 35% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.4 Hz, 2H), 7.35 – 7.29 (m, 2H), 7.23 (d, J 

= 8.0 Hz, 2H), 7.16 – 7.04 (m, 4H), 6.78 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.80 (s, 3H), 

2.77 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 6.8 Hz, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 159.7, 144.4, 142.8, 134.4, 133.1, 131.5, 129.9, 129.4, 129.3, 128.1, 127.2, 

122.3, 114.2, 113.7, 86.1, 80.0, 74.0, 69.5, 55.3, 42.8, 34.7, 21.6, 20.4; IR (neat): 2928, 

2836, 2250, 1605, 1566, 1425, 1168, 832, 799, 778, 689, 582, 545; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for  C27H24BrNNaO3S
+ 544.0552; Found 544.0551. 

 

General procedure for the preparation of diynes 3: 



 

 

 

Under N2 atmosphere, zinc (3.9 g, 60 mmol) was suspended in dry THF (10 mL), and 

propargyl bromide (2.58 mL, 30 mmol) was added into the mixture dropwise at 0 °C. The 

reaction mixture was stirred for additional 1 h. Then, a solution of benzophenone 

derivative (20 mmol) in dry THF (10 mL) was added. The mixture was stirred at 70 °C for 

13 h. Upon completion, the reaction was quenched with saturated aqueous NH4Cl (20 

mL). The mixture was then extracted with EtOAc (10 mL) for three times. The combined 

organic phase was washed with brine, dried over MgSO4, filtered, and concentrated under 

reduced pressure. The resulting residue was purified by column chromatography on silica 

gel (eluent: hexanes/EtOAc) to give the desired propargyl alcohol in 69-80 % yields.  

To a solution of propargyl alcohol (10 mmol) in acetone (20 mL) were added NBS (12 

mmol, 2.1 g) and AgNO3 (1 mmol, 0.17 g) at room temperature. Then, the reaction 

mixture was stirred at room temperature for 4 h. Upon completion, the mixture was 

filtered through a pad of celite and concentrated under reduced pressure. The crude 

alkynyl bromide was used in the next step without further purification (82-99% yields).  

To a solution of above alkynyl bromide (3.0 g, 10 mmol) in CH2Cl2 (10 mL) was added 

triethylsilane (3.2 mL, 20 mmol) at room temperature. The reaction mixture was cooled to 

0 °C before the addition of boron trifluoride diethyl etherate (0.62 mL, 5 mmol). After 

stirring for 1 h at 0 °C, the reaction was quenched with saturated aqueous NaHCO3 (2 

mL), extracted with CH2Cl2, washed with water, dried over Na2SO4, filtered and 

concentrated in vacuo. The residue was purified by silica gel column chromatography 

(eluent: hexanes/EtOAc) to afford the desired product in 67-75% yields.  

To a solution of the above product (1 mmol) in toluene (6 mL) were added copper 

bromide (0.5 mmol, 72 mg), DMEDA (1.0 mmol, 0.107 mL), K3PO4 (4.0 mmol, 0.849 g) 

and protected propargylamide derivative (0.5 mmol). The reaction was stirred at room 

temperature for 5 h and the progress of the reaction was monitored by TLC. Upon 



 

 

completion, the solution was filtered and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (eluent: hexanes/EtOAc) to 

afford the desired diyne 3 in 40-65% yields. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3a) 

 

3a 

Compound 3a was prepared in 65% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.4 Hz, 2H), 7.30 – 7.18 (m, 10H), 7.14 (d, 

J = 8.4 Hz, 2H), 7.10 – 7.05 (m, 2H), 6.85 – 6.77 (m, 2H). 4.28 (s, 2H), 4.18 (t, J = 7.4 

Hz, 1H), 3.77 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3)
 

δ 159.7, 144.1, 143.4, 134.4, 133.1, 129.3, 128.3, 127.9(5), 127.9(1), 126.3, 114.1, 113.6, 

85.9 80.0, 74.5, 68.9, 55.2, 50.1, 42.7, 25.3, 21.5; IR (neat): 3027, 2925, 2252, 1508, 

1369, 1249, 1169, 1032, 833, 582, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H29NaO3S
+ 542.1760; Found 542.1754. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4,4-diphenyl-N-((thioxoboraneyl)methyl)but-

1-yn-1-amine (3b) 

 

3b 

Compound 3b was prepared in 50% yield according to the general procedure. Pale yellow 

solid. M.p = 108.3 – 108.9 oC. 1H NMR (500 MHz, CDCl3) δ 7.62 – 7.56 (m, 2H), 7.27 – 

7.13 (m, 10H), 7.08 – 7.03 (m, 2H), 6.80 – 6.71 (m, 4H), 4.29 (s, 2H), 4.19 (t, J = 7.5 Hz, 

1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.01 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ 

163.4, 159.7, 143.5, 133.1, 130.2, 129.0, 128.3, 127.9, 126.4, 114.3, 113.9, 113.7, 85.9, 

80.1, 74.7, 68.9, 55.4, 55.3, 50.2, 42.6, 25.4; IR (neat): 3027, 2931, 2841, 2254, 1597, 



 

 

1509, 1363, 1261, 1164, 1031, 832, 701, 583; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C33H29NaO4S
+ 558.1710; Found 558.1709. 

 

4-bromo-N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)benzenesulfonamide (3c) 

 

3c 

Compound 3c was prepared in 45% yield according to the general procedure. Pale yellow 

solid. M.p = 90.4 – 91.5 oC. 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.37 (m, 4H), 7.30 – 

7.17 (m, 10H), 7.02 (d, J = 8.4 Hz, 2H), 6.84 – 6.77 (m, 2H), 4.33 (s, 2H), 4.20 (t, J = 7.6 

Hz, 1H), 3.82 (s, 3H), 3.02 (d, J = 7.6 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 159.9, 

143.4, 136.3, 133.1, 132.0, 129.5, 128.5, 128.4, 127.9, 126.5, 113.9, 86.4, 79.6, 74.0, 69.4, 

55.3, 50.2, 43.0, 25.3; IR (neat): 2927, 2219, 2307, 1607, 1510, 1371, 1250, 1173, 1033, 

745, 701, 607, 572; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C32H26BrNNaO3S
+ 

606.0709; Found 606.0706. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

nitrobenzenesulfonamide (3d) 

 

3d 

Compound 3d was prepared in 48% yield according to the general procedure. Pale yellow 

solid. M.p = 114.1 – 115.7 oC. 1H NMR (500 MHz, CDCl3) δ 8.01 – 7.98 (m, 2H), 7.74 – 

7.71 (m, 2H), 7.30 – 7.17 (m, 10H), 6.98 – 6.95 (m, 2H), 6.77 – 6.73 (m, 2H), 4.37 (s, 

2H), 4.21 (t, J = 7.5 Hz, 1H), 3.78 (s, 3H), 3.04 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, 

CDCl3)
 δ 160.0, 150.0, 143.2, 142.5, 132.8, 129.1, 128.4, 127.8, 126.5, 123.7, 113.9, 

113.3, 86.7, 79.3, 73.4, 69.7, 55.2, 50.1, 43.2, 25.1; IR (neat): 3028, 2932, 2256, 1605, 



 

 

1510, 1349, 1176, 1032, 834, 701, 572; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C32H26N2NaO5S
+ 573.1455; Found 573.1452. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)naphthalene-2-

sulfonamide (3e) 

 

3e 

Compound 3e was prepared in 42% yield according to the general procedure. Pale yellow 

oil. 1H NMR (500 MHz, CDCl3) δ 8.38 (s, 1H), 7.87 – 7.79 (m, 2H), 7.75 (d, J = 9.0 Hz, 

1H), 7.69 – 7.62 (m, 2H), 7.57 – 7.51 (m, 1H), 7.23 – 7.13 (m, 10H), 6.75 – 6.71 (m, 2H), 

6.61 – 6.57 (m, 2H), 4.37 (s, 2H), 4.18 (t, J = 7.5 Hz, 1H), 3.75 (s, 3H), 3.01 (d, J = 7.0 

Hz, 2H); 13C NMR (125 MHz, CDCl3)
 δ 159.6, 143.4, 135.2, 134.5, 133.0, 131.9, 129.6, 

129.5, 128.9, 128.3, 128.0, 127.8, 127.3, 126.4, 123.0, 113.9, 113.5, 86.0, 79.9, 74.5, 69.1, 

55.2, 50.1, 42.9, 25.4; IR (neat): 2925, 2230, 1606, 1509, 1249, 1169, 1033, 832, 702, 666, 

576, 545; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C36H29NNaO3S
+ 578.6812; 

Found 578.6810. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-ethoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3f) 

 

3f 

Compound 3f was prepared in 50% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.60 – 7.55 (m, 2H), 7.29 – 7.15 (m, 10H), 7.11 (d, J = 

8.0 Hz, 2H), 7.08 – 7.00 (m, 2H), 6.79 – 6.73 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 8.0 Hz, 

1H), 4.01 (q, J = 7.2 Hz 2H), 3.01 (d, J = 8.0 Hz, 2H), 2.33 (s, 3H), 1.41 (t, J = 7.2 Hz, 



 

 

3H); 13C NMR (100 MHz, CDCl3) δ 159.1, 144.1, 143.5, 134.4, 133.1, 129.3, 128.3, 

128.0(1), 127.9(6), 126.4, 114.2, 114.0, 86.0, 79.9, 74.5, 69.0, 63.5, 50.2, 42.7, 25.4, 21.5, 

14.7; IR (neat): 2979, 2923, 2252, 1603, 1508, 1364, 1248, 1044, 812, 738, 701, 546; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H31NNaO3S
+ 556.1917; Found 

556.1716. 

 

N-(3-(4-(benzyloxy)phenyl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-yn-1-yl)-4-

methylbenzenesulfonamide (3g) 

 

3g 

Compound 3g was prepared in 59% yield according to the general procedure. Pale yellow 

solid. M.p = 65 – 65.9 oC. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.54 (m, 2H), 7.45 – 7.29 

(m, 5H), 7.27 – 7.14 (m, 10H), 7.10 (d, J = 8.0 Hz, 2H), 7.05 – 7.00 (m, 2H), 6.88 – 6.83 

(m, 2H), 5.06 (s, 2H), 4.29 (s, 2H), 4.19 (t, J = 7.2 Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.31 

(s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.8, 144.2, 143.5, 136.5, 134.4, 133.1, 129.3, 

128.6, 128.3, 128.1, 128.0(3), 127.9(8), 127.4, 126.4, 114.6, 114.5, 85.9, 80.1, 74.5, 70.0, 

69.0, 50.2, 42.7, 25.4, 21.5; IR (neat): 3028, 2923, 2258, 1509, 1368, 1244, 1170, 838, 

741, 701, 545; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C39H33NNaO3S
+ 618.2073; 

Found 618.2070. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(4-phenoxyphenyl)prop-2-yn-1-

yl)benzenesulfonamide (3h) 

 



 

 

3h 

Compound 3h was prepared in 46% yield according to the general procedure. Pale yellow 

oil. 1H NMR (500 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 2H), 7.36 – 7.31 (m, 2H), 7.25 – 

7.07 (m, 13H), 7.06 – 6.97 (m, 4H), 6.87 – 6.84 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 7.5 Hz, 

1H), 3.00 (d, J = 7.0 Hz, 2H), 2.31 (s, 3H); 13C NMR (125 MHz, CDCl3)
 δ 157.7, 156.2, 

144.2, 143.4, 134.4, 133.2, 129.8, 129.3, 128.3, 128.0, 127.9, 126.4, 123.9, 119.3, 118.0, 

116.6, 85.5, 80.8, 74.4, 69.0, 50.1, 42.6, 25.3, 21.5; IR (neat): 3028, 2925, 2257, 1591, 

1503, 1369,1091, 869, 701, 584, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C38H31NNaO3S
+ 604.1917; Found 604.1916. 

 

N-(3-(4-((tert-butyldimethylsilyl)oxy)phenyl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-

yn-1-yl)-4-methylbenzenesulfonamide (3i) 

 

3i 

Compound 3i was prepared in 41% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.59 – 7.55 (m, 2H), 7.28 – 7.14 (m, 10H), 7.11 (d, J = 

8.0 Hz, 2H), 7.01 – 6.96 (m, 2H), 6.74 – 6.70 (m, 2H), 4.29 (s, 2H), 4.19 (t, J = 7.2 Hz, 

1H), 3.01 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H), 0.99 (s, 9H), 0.21 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 156.1, 144.1, 143.5, 134.4, 133.1, 129.3, 128.3, 128.0, 127.9(7), 126.4, 

119.9, 114.9, 86.0, 80.1, 74.5, 69.0, 50.2, 42.7, 25.6, 25.4, 21.5, 18.2, -4.4; IR (neat): 

3029, 2859, 2255, 1667, 1603, 1508, 1166, 1091, 783, 581, 545; HRMS (ESI/QTOF) m/z: 

[M + Na]+ Calcd for C38H41NNaO3SSi+ 642.2469; Found 642.2465. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(4-(methylthio)phenyl)prop-2-yn-1-

yl)benzenesulfonamide (3j) 



 

 

 

3j 

Compound 3j was prepared in 49% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.58 – 7.54 (m, 2H), 7.28 – 7.14 (m, 10H), 7.13 – 7.08 

(m, 4H), 7.01 – 6.97 (m, 2H), 4.30 (s, 2H), 4.19 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.2 Hz, 

2H), 2.48 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 144.2, 143.5, 139.7, 134.4, 

131.9, 129.4, 128.4, 128.0, 127.9(8), 126.4, 125.6, 118.4, 85.7, 81.5, 74.5, 69.1, 50.2, 

42.7, 25.4, 21.5, 15.3; IR (neat): 3061, 3028, 2923, 2255, 1597, 1493, 1368, 1170, 816, 

701, 544; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H29NNaO2S2
+ 558.1532; 

Found 558.1532. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(p-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (3k) 

 

 

3k 

Compound 3k was prepared in 48% yield according to the general procedure. Pale yellow 

oil.  1H NMR (400 MHz, CDCl3)
 δ 7.58 – 7.54 (m, 2H), 7.26 – 7.15 (m, 10H), 7.10 (d, J = 

8.4 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 7.00 – 6.97 (m, 2H), 4.30 (s, 2H), 4.19 (t, J = 7.6 

Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3)
 

δ 144.2, 143.5, 138.6, 134.4, 131.5, 129.4, 128.8, 128.3, 128.0, 127.9(7), 126.4, 119.1, 

86.1, 80.7, 74.5, 69.0, 50.2, 42.7, 25.4, 21.5, 21.4; IR (neat): 3062, 3028, 2230, 1598, 



 

 

1495, 1369, 1170, 1091, 759, 701, 594, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C33H29NNaO2S
+ 526.1811; Found 526.1810. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-

yl)benzenesulfonamide) (3l) 

 

3l 

Compound 3l was prepared in 58% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.58 – 7.52 (m, 2H), 7.27 – 7.11 (m, 13H), 7.09 – 7.02 

(m, 4H), 4.30 (s, 2H), 4.19 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.6 Hz, 2H), 2.30 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 144.2, 143.4, 134.3, 131.6, 129.3, 128.4, 128.3, 128.0(2), 

127.9(9), 127.9, 126.4, 122.1, 85.9, 81.4, 74.4, 69.0, 50.2, 42.6, 25.3, 21.5; IR (neat): 

3059, 3027, 2320, 1597, 1491, 1367, 1169, 1090, 757, 657, 546. HRMS (ESI/QTOF) m/z: 

[M + Na]+ Calcd for C32H27NNaO2S
+ 512.1655; Found 512.1653. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(3-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3m) 

 

3m 

Compound 3m was prepared in 62% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.54 (m, 2H), 7.27 – 7.09 (m, 13H), 6.85 (dd, J 

= 8.4, 1.6 Hz, 1H), 6.71 – 6.63 (m, 2H), 4.30 (s, 2H), 4.19 (t, J = 7.6 Hz, 1H), 3.76 (s, 3H), 

3.01 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.1, 144.3, 143.4, 

134.3, 129.4, 129.1, 128.3, 128.0, 127.9, 126.4, 124.1, 123.1, 117.1, 114.5, 85.8, 81.2, 

74.4, 69.1, 55.2, 50.2, 42.6, 25.4, 21.5; IR (neat): 3063, 3029, 2925, 2256, 1574, 1483, 



 

 

1320, 1091, 832, 739, 690, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H29NNaO3S
+ 542.1760; Found 542.1758. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(m-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (3n) 

 

3n 

Compound 3n was prepared in 60% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 2H), 7.27 – 7.08 (m, 14H), 6.93 – 

6.88 (m, 2H), 4.31 (s, 2H), 4.20 (t, J = 7.2 Hz, 1H), 3.02 (d, J = 7.2 Hz, 2H), 2.33 (s, 3H), 

2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.2, 143.5, 137.7, 134.4, 132.2, 129.3(9), 

129.3(6), 128.8, 128.4, 128.1, 128.0, 126.4, 122.0, 86.1, 81.0, 74.5, 69.0, 50.2, 42.6, 25.4, 

21.5, 21.2; IR (neat): 3060, 3028, 2320, 1598, 1451, 1368, 1169, 1050, 813, 738, 546; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H29NNaO2S
+ 526.1811; Found 

526.1810. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(2-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide) (3o) 

 

3o 

Compound 3o was prepared in 53% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 8.4 Hz, 2H), 7.29 – 7.14 (m, 11H), 7.08 (d, 

J = 8.0 Hz, 2H), 6.91 (dd, J = 8.0, 2.0 Hz, 1H), 6.85 – 6.80 (m, 2H), 4.37 (s, 2H), 4.19 (t, J 

= 7.2 Hz, 1H), 3.80 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.31 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 160.0, 144.1, 143.8, 134.3, 133.9, 129.9, 129.3, 128.3, 128.0, 127.9, 126.4, 



 

 

120.1, 111.3, 110.5, 85.3, 82.5, 74.4, 69.0, 55.6, 50.2, 42.9, 25.4, 21.5; IR (neat): 3028, 

2252, 1597, 1494, 1454, 1263, 1165, 1025, 701, 549; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C33H29NNaO3S
+ 542.1760; Found 542.1758. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(o-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (3p) 

 

3p 

Compound 3p was prepared in 60% yield according to the general procedure. Pale yellow 

solid. M.p = 59.5 – 60.3 oC. 1H NMR (400 MHz, CDCl3) δ 7.54 – 7.51 (m, 2H), 7.27 – 

7.16 (m, 11H), 7.14 – 7.11 (m, 1H), 7.08 – 7.04 (m, 4H), 4.35 (s, 2H), 4.19 (t, J = 7.6 Hz, 

1H), 3.01 (d, J = 7.6 Hz, 2H), 2.27 (s, 3H), 2.16 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 

144.3, 143.5, 140.2, 134.3, 132.0, 129.3, 129.2, 128.5, 128.4, 128.0, 127.9, 126.4, 125.3, 

122.0, 85.2, 85.0, 74.4, 69.2, 50.3, 42.7, 25.4, 21.5, 20.4; IR (neat): 3063, 2924, 2250, 

1596, 1368, 1170, 1049, 813, 701, 594, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C33H29NNaO2S
+ 526.1811; Found 526.1810. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-N-(3-(4-methoxy-3-methylphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3q) 

 

3q 

Compound 3q was prepared in 42% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.4 Hz, 2H), 7.26 – 7.14 (m, 10H), 7.11 (d, 

J = 8.4 Hz, 2H),  6.99 – 6.94 (m, 1H). 6.87 (s, 1H), 6.68 (d, J = 8.8 Hz, 1H), 4.29 (s, 2H), 



 

 

4.19 (t, 1H), 3.81 (s, 3H), 3.00 (d, J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.16 (s, 3H); 13C NMR 

(100 MHz, CDCl3)
 δ 158.0, 144.1, 143.5, 134.5, 133.8, 130.7, 129.3, 128.3, 128.0, 127.9, 

126.5, 126.3, 113.7, 109.5, 86.2, 79.6, 74.5, 68.9, 55.3, 50.2, 42.7, 25.4, 21.5, 16.0; IR 

(neat): 3030, 2925, 2253, 1606, 1503, 1368, 1243, 1170, 814, 703, 574, 547; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C34H31NNaO3S
+ 556.1917; Found 556.1916. 

 

N-(3-(3,4-dimethoxyphenyl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-yn-1-yl)-4-

methylbenzenesulfonamide) (3r) 

 

3r 

Compound 3r was prepared in 43% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.60 – 7.56 (m, 2H), 7.29 – 7.11 (m, 12H), 6.76 – 6.68 

(m, 3H), 4.31 (s, 2H), 4.19 (t, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.01 (d, J = 7.2 Hz, 2H), 

2.34 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 149.7, 148.5, 144.1, 143.5, 134.4, 129.3, 

128.3, 128.0(3), 127.9(7), 126.4, 125.2, 114.5, 114.4, 110.8, 86.0, 80.0, 74.5, 69.1, 

55.9(1), 55.8(9), 50.2, 42.7, 25.4, 21.6; IR (neat): 3061, 3024, 2330, 1598, 1514, 1364, 

1244, 1026, 701, 584, 543; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C34H31NNaO4S
+ 575.1866; Found 572.1863. 

 

N--(3-(benzo[d][1,3]dioxol-5-yl)prop-2-yn-1-yl)-N-(4,4-diphenylbut-1-yn-1-yl)-4-

methylbenzenesulfonamide (3s) 

 

3s 



 

 

Compound 3s was prepared in 40% yield according to the general procedure. White oil. 

1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 8.4 Hz, 2H), 7.30 – 7.09 (m, 12H), 6.69 – 6.60 

(m, 2H), 6.45  (s, 1H), 5.95 (s, 2H), 4.28 (s, 2H), 4.19 (t, J = 7.2 Hz, 1H), 3.01 (d, J = 7.6 

Hz, 2H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 148.0, 147.2, 144.2, 143.4, 134.4, 

129.4, 128.3, 128.0(3), 127.9(6), 126.4, 126.2, 115.3, 111.7, 108.2, 101.3, 85.8, 79.7, 74.4, 

69.0, 50.2, 42.6, 25.4, 21.5; IR (neat): 3063, 3029, 2922, 2256, 1598, 1444, 1214, 1091, 

814, 702, 581, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H27NNaO4S
+ 

556.1553; Found 556.1552. 

 

N-(4,4-diphenylbut-1-yn-1-yl)-4-methyl-N-(3-(thiophen-2-yl)prop-2-yn-1-

yl)benzenesulfonamide (3t) 

 

3t 

Compound 3t was prepared in 57% yield according to the general procedure. yellow oil. 

1H NMR (400 MHz, CDCl3)
 δ 7.57 – 7.53 (m, 2H), 7.28 – 7.11 (m, 13H), 6.98 – 6.90 (m, 

2H), 4.32 (s, 2H), 4.20 (t, J = 7.6 Hz, 1H), 3.01 (d, J = 7.2 Hz, 2H), 2.35 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 144.3, 143.4, 134.2, 132.5, 129.5, 128.3, 128.0, 127.4, 126.8, 

126.4, 123.9, 122.0, 85.4, 79.2, 74.4, 69.2, 50.2, 42.7, 25.4, 21.6; IR (neat): 3062, 2924, 

2256, 1597, 1495, 1363, 1170, 1039, 813, 701, 546; HRMS (ESI/QTOF) m/z: [M + Na]+ 

Calcd for C30H25NNaO2S2
+ 518.1219; Found 518.1216. 

 

N-5-(3-chlorophenyl)-11-oxobicyclo[4.4.1]undeca-3,7,9-trien-3-yl)-2,2,2-

trifluoroacetamide (3u) 

 

3u 



 

 

Compound 3u was prepared in 46% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.62 – 7.56 (m, 2H), 7.14 – 7.09 (m, 6H), 7.08 – 7.02 

(m, 6H), 6.81 – 6.75 (m, 2H), 4.30 (s, 2H), 4.13 (t, J = 7.2 Hz, 1H), 3.80 (s, 3H), 2.97 (d, J 

= 7.6 Hz, 2H), 2.33 (s, 3H), 2.28 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.7, 144.1, 

140.8, 135.7, 134.5, 133.1, 129.3, 129.0, 128.1, 127.8, 114.3, 113.7, 85.9, 80.0, 74.3, 69.2, 

55.3, 49.4, 42.7, 25.5, 21.5, 21.0; IR (neat): 3050, 2924, 2255, 1606, 1569, 1292, 1092, 

833, 737, 585, 545; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C35H33NNaO3S
+ 

570.2073; Found 570.2072. 

 

N-(4,4-bis(4-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3v) 

 

3v 

Compound 3v was prepared in 51% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.64 – 7.58 (m, 2H), 7.19 – 7.10 (m, 6H), 7.07 – 7.00 

(m, 2H), 6.95 – 6.86 (m, 4H), 6.83 – 6.76 (m, 2H), 4.33 (s, 2H), 4.16 (t, J = 7.2 Hz, 1H), 

3.81 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 161.5 

(d, J = 243.0 Hz), 159.8, 144.4, 138.9 (d, J = 3.0 Hz), 134.5, 133.1, 129.4 (d, J = 8.0 Hz),, 

129.3(8), 128.0, 115.1 (d, J = 21.0 Hz), 114.1, 113.8, 86.0, 79.9, 74.9, 68.4, 55.3, 48.5, 

42.7, 25.7, 21.5; 19F NMR (471 MHz, CDCl3) δ -116.2; IR (neat): 2961, 2925, 2256, 1604, 

1514, 1364, 1170, 1034, 833, 671, 547. HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H27F2NNaO3S
+ 578.1572; Found 578.1570. 

 

N-(4,4-bis(4-chlorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3w) 



 

 

 

3w 

Compound 3w was prepared in 54% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.61 – 7.58 (m, 2H), 7.21 – 7.08 (m, 10H), 7.03 – 6.98 

(m, 2H), 6.82 – 6.77 (m, 2H), 4.33 (s, 2H), 4.14 (t, J = 7.2 Hz, 1H), 3.81 (s, 3H), 2.96 (d, J 

= 7.2 Hz, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 159.8, 144.5, 141.4, 134.5, 

133.1, 132.4, 129.4, 129.3, 128.6, 128.0, 114.0, 113.8, 86.0, 79.9, 75.0, 68.2, 55.3, 48.7, 

42.7, 25.3, 21.6; IR (neat): 2926, 2842, 2256, 1604, 1508, 1363, 1170, 1014, 814, 671, 

545; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H27Cl2NNaO3S
+ 610.0981; Found 

610.0980. 

 

N-(4,4-bis(4-bromophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3x) 

 

3x 

Compound 3x was prepared in 57% yield according to the general procedure. Pale yellow 

oil.  1H NMR (400 MHz, CDCl3) δ 7.61 – 7.57 (m, 2H), 7.36 – 7.30 (m, 4H), 7.16 (d, J = 

8.0 Hz, 2H), 7.09 – 6.98 (m, 6H), 6.84 – 6.77 (m, 2H), 4.33 (s, 2H), 4.11 (t, J = 7.2 Hz, 

1H), 3.81 (s, 3H), 2.96 (d, J = 7.2 Hz, 2H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3)
 δ 

159.8, 144.5, 141.8, 134.5, 133.1, 131.5, 129.7, 129.5, 127.9, 120.5, 114.0, 113.8, 86.0, 

79.9, 75.1, 68.1, 55.3, 48.8, 42.7, 25.1, 21.6; IR (neat): 3052, 2931, 2840, 2256, 1605, 

1490, 1405, 1250, 1170, 833, 585, 545; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H27Br2NNaO3S
+ 697.9971; Found 697.9970. 

 



 

 

N-(4,4-bis(3-fluorophenyl)but-1-yn-1-yl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-

methylbenzenesulfonamide (3y) 

 

3y 

Compound 3y was prepared in 57% yield. according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3)
 δ 7.52 (d, J = 8.0 Hz, 2H), 7.31 – 7.20 (m, 2H), 7.17 – 

7.09 (m, 6H), 7.02 (d, J = 8.8 Hz, 2H), 6.97 – 6.89 (m, 2H), 6.79 (d, J = 8.4 Hz, 2H), 4.34 

(s, 2H), 3.81 (s, 3H), 3.22 (s, 2H), 3.16 – 3.11 (m, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 162.7 (d, J = 244.0 Hz), 160.0, 147.7 (d, J = 7.0 Hz), 144.8, 134.0, 133.2, 129.8 

(d, J = 8.0 Hz), 129.6, 127.9, 121.6 (d, J = 3.0 Hz), 114.3 (d, J = 21.0 Hz), 113.8, 113.7, 

113.4 (d, J = 22.0 Hz), 86.4, 79.4, 77.6, 66.2, 55.3, 42.6, 34.1, 33.3, 21.6; 19F NMR (471 

MHz, CDCl3) δ -112.3, -112.1;  IR (neat): 2926, 2854, 2338, 1609, 1510, 1368, 1250, 

1170, 1033, 780, 671, 587; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H27F2NNaO3S
+ 578.1572; Found 578.1570. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-4-methyl-N-(4-phenylpent-1-yn-1-

yl)benzenesulfonamide (3z) 

 

3z 

The compound was isolated in 46% yield according to the general procedure. Pale yellow 

oil. 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.0 Hz, 2H), 7.26 – 7.15 (m, 7H), 7.08 (d, J 

= 8.8 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.79 (s, 3H), 2.97 – 2.90 (m, 1H), 

2.64 – 2.45 (m, 2H), 2.36 (s, 3H), 1.31 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 

159.7, 145.7, 144.4, 134.5, 133.1, 129.4, 128.3, 128.1, 126.9, 126.2, 114.2, 113.7, 86.0, 

80.1, 74.1, 69.3, 55.3, 42.8, 39.2, 27.6, 21.6, 20.6. IR (neat): 3028, 2962, 2925, 2252, 1606, 



 

 

1568, 1495, 1292, 833, 762, 670, 583; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C28H27NNaO3S
+ 480.1604; Found 480.1602. 

 

4. General Procedures 

4.1 Synthesis of cycloheptatriene fused pyrroles 2 

 

The powered CuCl (0.02 mmol, 2.0 mg), (±)-SEGPHOS (0.024 mmol, 14.6 mg) and 

NaBArF
4 (0.024 mmol, 21.3 mg) were introduced into an oven-dried Schlenk tube under 

nitrogen atmosphere. After DCM (1 mL) was injected into the Schlenk tube, the solution 

was stirred at 40 °C for 0.5 h. Then N-propargyl ynamide 1 (0.2 mmol) in DCM (1 mL) 

was introduced into the system dropwise. The resulting mixture was stirred at 40 °C for 23 

h-12 d, and the progress of the reaction was monitored by TLC. Upon completion, the 

reaction was concentrated under reduced pressure, and the residue was purified by column 

chromatography on silica gel (eluent: hexanes/ethyl acetate) to give the cycloheptatriene 

fused pyrrole 2. 

 

10a-(3-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2a) 

 

2a 

Compound 2a was prepared in 95% yield (84.2 mg) according to the general procedure. 

23 h. Yellow solid. M.p = 121 – 122 oC. 18 h. 1H NMR (500 MHz, CDCl3) δ 7.61 (d, J = 

8.0 Hz, 2H), 7.23 (d, J = 8.5 Hz, 2H),, 7.02 – 6.97 (m, 2H), 6.81 (s, 1H), 6.64 – 6.59 (m, 

2H), 6.53 (d, J = 2.0 Hz, 1H), 6.28 – 6.22 (m, 2H), 6.16 – 6.08 (m, 2H), 4.69 (d, J = 8.5 

Hz, 1H), 3.73 (s, 3H), 2.75 – 2.57 (m, 3H),  2.45 – 2.33 (m, 4H); 13C NMR (125 MHz, 

CDCl3) δ 157.4, 144.5, 136.4, 135.8, 134.7, 129.8, 129.0, 128.0, 127.4, 126.6 125.1, 124.9, 

124.2, 117.8, 115.1, 112.2, 106.9, 55.0, 41.3, 33.4, 21.6, 21.5; IR (neat): 3056, 2988, 1734, 

1509, 1423, 1174, 896, 742, 737; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C27H25NNaO3S
+  466.1447; Found 466.1444. 



 

 

 

10a-(3-methoxyphenyl)-2-(methylsulfonyl)-2,4,5,10a-

tetrahydrocyclohepta[e]isoindole (2b) 

 

2b 

Compound 2b was prepared in 94% yield (69.7 mg) according to the general procedure. 3 

d. Yellow solid. M.p = 151 – 153 oC. 1H NMR (500 MHz, CDCl3) δ 7.04 (d, J = 8.5 Hz, 

2H), 6.82 (s, 1H), 6.62 (d, J = 8.5 Hz, 2H), 6.48 (d, J = 2.0 Hz, 1H), 6.34 – 6.25 (m, 2H), 

6.19 – 6.10 (m, 2H), 4.77 (d, J = 8.5 Hz, 1H), 3.72 (s, 3H), 3.03 (s, 3H), 2.83 – 2.64 (m, 

3H), 2.55 – 2.40 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 157.5, 135.8, 134.6, 129.1, 128.1, 

127.4, 125.1, 124.7, 124.2, 117.3, 114.9, 114.8, 112.3, 106.6, 55.0, 42.5, 41.3, 33.5, 21.5; 

IR (neat): 3054, 2937, 1609, 1443, 1266, 1067, 985, 736, 732; HRMS (ESI/QTOF) m/z: 

[M + Na]+ Calcd for C21H21NNaO3S
+ 390.1134; Found 390.1131. 

 

2-(ethylsulfonyl)-10a-(4-methoxyphenyl)-2,4,5,10a-tetrahydrocyclohepta[e]isoindole 

(2c) 

 

2c 

Compound 2c was prepared in 73% yield (55.3 mg) according to the general procedure. 4 

d. Pale yellow oil.  1H NMR (400 MHz, CDCl3) δ 7.03 (d, J = 8.8 Hz, 2H), 6.80 (s, 1H), 

6.61 (d, J = 8.4 Hz, 2H), 6.48 – 6.44 (d, J = 1.6 Hz, 1H), 6.32 – 6.26 (m, 2H), 6.20 – 6.10 

(m, 2H), 4.81 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H), 3.12 (q, J = 7.2 Hz, 2H), 2.85 – 2.64 (m, 

3H), 2.51 – 2.42 (m, 1H), 1.16 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 157.4, 

135.4, 134.8, 128.9, 128.1, 127.5, 125.2, 124.3, 124.1, 117.8, 116.7, 115.3, 112.2, 108.2, 

55.0, 49.9, 41.7, 33.6, 21.6, 8.0; IR (neat): 3053, 2986, 1507, 1421, 1162, 896, 740, 736, 

705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C22H23NNaO3S
+ 404.1291; Found 

404.1290. 

 

10a-(4-ethoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2d) 



 

 

 

2d 

Compound 2d was prepared in 77% yield (73.0 mg) according to the general procedure. 3 

d. Yellow solid. M.p = 118 – 119 oC. 1H NMR (400 MHz, CDCl3) δ 7.63 – 7.58 (d, J = 8.0 

Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 6.59 (d, J = 8.4 

Hz, 2H), 6.53 (d, J = 2.0 Hz, 1H), 6.27 – 6.21 (m, 2H), 6.16 – 6.00 (m, 2H), 4.68 (d, J = 

8.8 Hz, 1H), 3.94 (q, J = 7.2 Hz, 2H), 2.75 – 2.57 (m, 3H), 2.44 – 2.36 (m, 4H), 1.36 (t, J 

= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 156.9, 144.5, 136.5, 135.9, 134.6, 129.9, 

129.1, 128.1, 127.5, 126.7, 125.2, 125.0, 124.3, 117.9, 115.2, 115.1, 112.8, 106.8, 63.2, 

41.4, 33.5, 21.7, 21.6, 15.0; IR (neat): 3055, 2988, 1423, 1266, 1064, 896, 748, 743, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H27NNaO3S
+ 480.1604; Found 

480.1602. 

 

10a-(4-(benzyloxy)phenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2e) 

 

2e 

Compound 2e was prepared in 89% yield (95.0 mg) according to the general procedure. 

27 h. yield Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.4 Hz, 2H), 7.44 – 

7.31 (m, 5H), 7.21 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.69 (d, J = 

8.4 Hz, 2H), 6.54 (d, J = 2.0 Hz, 1H), 6.28 – 6.22 (m, 2H), 6.18 – 6.07 (m, 2H), 4.95 (s, 

2H), 4.70 (d, J = 8.8 Hz, 1H), 2.74 – 2.59 (m, 3H), 2.39 – 2.35 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 156.8, 144.4, 137.2, 136.3, 135.7, 135.0, 129.8, 129.0, 128.5, 128.0, 

127.8, 127.6, 127.4, 126.6, 125.1, 124.9, 124.1, 117.7, 115.5, 115.0, 113.1, 107.2, 69.9, 

41.4, 33.4, 21.6, 21.5; IR (neat): 3054, 2926, 2306, 1459, 1265, 896, 742, 737, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H29NNaO3S
+ 542.1760; Found 

542.1764. 

 

10a-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-tosyl-2,4,5,10a-

tetrahydrocyclohepta[e]isoindole (2f) 



 

 

 

2f 

Compound 2f was prepared in 74% yield (82.0 mg) according to the general procedure. 65 

h. yield Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.4 Hz, 2H), δ 7.07 (d, 

J = 8.4 Hz, 2H). 6.77 (d, J = 8.8 Hz, 2H), 6.66 (s, 1H), 6.41 – 6.36 (m, 3H), 6.12 – 6.06 

(m, 2H), 6.00 – 5.90 (m, 2H), 4.57 (d, J = 8.4 Hz, 1H), 2.60 – 2.45 (m, 3H), 2.30 – 2.18 

(m, 4H), 0.80 (s, 9H), 0.00 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 153.3, 144.4, 136.3, 

135.8, 135.4, 129.8, 129.0, 128.1, 127.4, 126.6, 125.1, 124.9, 124.1, 118.2, 117.7, 116.4, 

115.0, 108.1, 41.7, 33.5, 25.6, 21.6, 21.5, 18.1, -4.4, -4.5; IR (neat): 3056, 2988, 1508, 

1266, 1064, 896, 740, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C32H37NNaO3SSi+ 566.2156; Found 566.2147. 

 

10a-(4-phenoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2g) 

 

2g 

Compound 2g was prepared in 90% yield (94.0 mg) according to the general procedure. 4 

d. Yellow solid. M.p = 55 – 57 oC. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 

7.33 – 7.23 (m, 5H), 7.21 – 7.17 (m, 2H), 7.15 – 7.10 (m, 1H), 7.08 – 7.03 (m, 2H), 6.96 

(d, J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.86 – 6.77 (m, 4H), 5.10 (s, 1H), 2.92 – 2.76 (m, 2H), 

2.62 – 2.47 (m, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 157.2, 155.3, 144.7, 

141.9, 141.0, 138.7, 136.1, 130.4, 129.9, 129.8, 129.6, 128.6, 127.5, 126.9, 126.8, 126.4, 

126.3, 123.1, 119.1, 118.8, 118.7, 118.3, 48.0, 31.1, 25.0, 21.5; IR (neat): 3055, 2988, 

1590, 1490, 1371, 1266, 896, 748, 736, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C32H27NNaO3S
+ 528.1604; Found 528.1603. 

 

10a-(p-tolyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2h) 



 

 

 

2h 

Compound 2h was prepared in 68% yield (60.0 mg) according to the general procedure. 5 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.0 

Hz, 2H), 6.97 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 7.6 Hz, 2H), 6.80 (s, 1H), 6.56 (d, J = 2.0 

Hz, 1H), 6.30 – 6.23 (m, 2H), 6.19 – 6.09 (m, 2H), 4.80 (d, J = 8.8 Hz, 1H), 2.77 – 2.60 

(m, 3H), 2.41 – 2.37 (m, 4H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.5, 139.8, 

136.4, 135.7, 135.1, 129.8, 128.2, 127.8, 127.6, 127.5, 126.6, 125.2, 125.0, 124.0, 117.8, 

115.0, 109.9, 42.6, 33.7, 21.6(4), 21.5(9), 21.0; IR (neat): 3055, 2988, 2307, 1422, 1266, 

1063, 896, 749, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S
+  

450.1498; Found 450.1499. 

 

10a-(4-ethylphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2i) 

 

2i 

Compound 2i was prepared in 75% yield (69.0 mg) according to the general procedure. 7 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.0 

Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 8.0 Hz, 2H), 6.80 (s, 1H), 6.58 (d, J = 2.0 

Hz, 1H), 6.32 – 6.25 (m, 2H), 6.22 – 6.11 (m, 2H), 4.84 (d, J = 8.8 Hz, 1H), 2.80 – 2.62 

(m, 3H), 2.55 (q, J = 7.6 Hz, 2H), 2.48 – 2.37 (m, 4H), 1.18 (t, J = 7.6 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 144.5, 141.3, 140.2, 136.3, 135.8, 129.8, 128.3, 127.7, 127.6, 126.6, 

126.3, 125.2, 125.1, 123.9, 117.9, 115.0, 111.0, 42.9, 33.7, 28.3, 21.7, 21.6, 15.2; IR (neat): 

3055, 2988, 1590, 1490, 1371, 1266, 896, 748, 736, 706;  HRMS (ESI/QTOF) m/z: [M + 

Na]+ Calcd for C28H27NNaO2S
+  464.1655; Found 464.1662. 

 

N,N-dimethyl-4-(2-tosyl-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)aniline (2j) 



 

 

 

2j 

Compound 2j was prepared in 65% yield (59.0 mg) according to the general procedure. 4 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 

Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.79 (s, 1H), 6.57 (d, J = 2.4 Hz, 1H), 6.46 (d, J = 8.8 

Hz, 2H), 6.27 – 6.21 (m, 2H), 6.18 – 6.08 (m, 2H), 4.66 (d, J = 8.4 Hz, 1H), 2.87 (s, 6H), 

2.75 – 2.54 (m, 3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 148.4, 144.4, 

136.4, 136.2, 129.8, 128.7, 127.9, 127.2, 126.6, 125.0, 124.1, 117.7, 115.0, 114.5, 111.2, 

106.4, 41.0, 40.6, 33.5, 21.6, 21.5; IR (neat): 3056, 2987, 2307, 1422, 1265, 896, 747, 741, 

736; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H28N2NaO2S
+ 479.1764; Found 

479.1762. 

 

N,N-dibenzyl-3-(2-tosyl-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)aniline (2k) 

 

2k 

Compound 2k was prepared in 71% yield (88.0 mg) according to the general procedure. 

48 h. Yellow solid. M.p = 66 – 68 oC. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.4 Hz, 

2H), 7.34 – 7.15 (m, 12H), 6.84 (d, J = 8.4 Hz, 2H), 6.78 (s, 1H), 6.59 (d, J = 2.0 Hz, 1H), 

6.46 (d, J = 8.8 Hz, 2H), 6.24 – 6.08 (m, 4H), 4.68 (d, J = 8.8 Hz, 1H), 4.54 (s, 4H), 2.71 – 

2.55 (m, 3H), 2.39 – 2.35 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.4, 144.3, 139.0, 

136.4, 131.1, 129.7, 128.6, 128.5, 128.1, 127.4, 126.9, 126.7, 126.6, 125.2, 125.0, 123.9, 

117.9, 117.2, 114.9, 111.3, 108.8, 54.2, 41.7, 33.7, 21.6; IR (neat): 3055, 2987, 1438, 1265, 

896, 747, 742, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C40H36N2NaO2S
+ 

631.2390; Found 631.2391. 

 

10a-(4-(methylthio)phenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2l) 

 



 

 

 

2l 

Compound 2l was prepared in 80% yield (53.0 mg) according to the general procedure. 12 

d. Yellow solid. M.p = 121 – 122 oC.. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 

2H), 7.24 (d, J = 8.0 Hz, 2H), 7.04 – 6.92 (m, 4H), 6.81 (s, 1H), 6.56 (d, J = 1.2 Hz, 1H), 

6.31 – 6.23 (m, 2H), 6.18 – 6.08 (m, 2H), 4.80 (d, J = 8.8 Hz, 1H), 2.76 – 2.67 (m, 3H), 

2.44 – 2.40 (m, 4H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.5, 140.1, 136.3, 

135.3, 135.1, 129.8, 128.4, 128.3, 127.6, 126.7, 125.2, 124.9, 124.0, 117.8, 117.8, 115.1, 

109.5, 42.4, 33.5, 21.6, 15.8; IR (neat): 3055, 2987, 1422, 1266, 896, 747, 736, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S2
+ 482.1219; Found 

482.1216. 

 

10a-phenyl-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2m) 

 

2m 

Compound 2m was prepared in 78% yield (67.0 mg) according to the general procedure. 4 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 

Hz, 2H), 7.12 – 7.05 (m, 5H), 6.81 (s, 1H), 6.55 (d, J = 2.4 Hz, 1H), 6.32 – 6.26 (m, 2H), 

6.19 – 6.08 (m, 2H), 4.84 (d, J = 8.8 Hz, 1H), 2.79 – 2.62 (m, 3H), 2.43 – 2.38 (m, 4H); 

13C NMR (100 MHz, CDCl3) δ 144.5, 143.0, 136.3, 135.5, 129.8, 128.3, 127.9, 127.6, 

126.8, 126.6, 125.8, 125.2, 125.0, 124.0, 118.7, 117.9, 115.1, 110.4, 43.1, 33.7, 21.6(4), 

21.5(8); IR (neat): 3054, 2987, 1422, 1266, 896, 741, 736, 705;  HRMS (ESI/QTOF) m/z: 

[M + Na]+ Calcd for C26H23NNaO2S
+  436.1342; Found 436.1335. 

 

10a-(4-fluorophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2n) 

 



 

 

2n 

Compound 2n was prepared in 77% yield (69.0 mg) according to the general procedure. 

54 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ
 7.61 (d, J = 8.8 Hz, 2H), 7.22 (d, J = 

8.0 Hz, 2H), 7.05 (dd, J = 6.0, 5.6 Hz, 2H), 6.82 (s, 1H), 6.78 – 6.70 (m, 2H), 6.52 (d, J = 

1.6 Hz 1H), 6.30 – 6.22 (m, 2H), 6.11 (m, 2H), 4.74 (d, J = 8.4 Hz, 1H), 2.78 – 2.57 (m, 

3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ
 160.8 (d, J = 243.9 Hz), 144.6, 

138.4 (d, J = 3.1 Hz), 136.2, 135.2, 129.8, 129.4 (d, J = 8.0 Hz), 128.2, 127.5, 126.6, 

125.2, 124.7, 124.2, 117.6, 116.0, 115.2, 113.6 (d, J = 21.2 Hz) 107.7, 41.7, 33.3, 21.6, 

21.5; 19F NMR (471 MHz, CDCl3) δ -117.2; IR (neat): 3055, 2988, 1422, 1266, 1064, 896, 

739, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22FNNaO2S
+ 454.1247; 

Found 454.1244. 

 

10a-(4-chlorophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2o) 

 

2o 

Compound 2o was prepared in 83% yield (76.0 mg) according to the general procedure 29 

h. Yellow solid. M.p = 89 – 91 oC. 1H NMR (400 MHz, CDCl3) δ
 7.61 (d, J = 8.4 Hz, 2H), 

7.23 (d, J = 8.0 Hz, 2H), 7.06 – 7.00 (m, 4H), 6.83 (s, 1H), 6.54 (d, J = 2.0 Hz, 1H), 6.31 – 

6.24 (m, 2H), 6.18 – 6.10 (m, 2H), 4.82 (d, J = 8.8 Hz, 1H), 2.78 – 2.59 (m, 3H), 2.46 – 

2.38 (m, 4H); 13C NMR (100 MHz, CDCl3)
 δ 144.6, 141.6, 136.2, 134.9, 131.2, 129.8, 

129.2, 128.4, 127.7, 127.0, 126.6, 125.3, 124.8, 124.1, 118.4, 117.7, 115.2, 110.0, 42.5, 

33.4, 21.6, 21.5; IR (neat): 3134, 2852, 1599, 1489, 1289, 1064, 814, 704, 673;  HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22ClNNaO2S
+ 470.0952; Found 470.0950. 

 

10a-(4-bromophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2p) 

 

2p 

Compound 2p was prepared in 83% yield (94.1 mg) according to the general procedure. 

81 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ
 7.61 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 



 

 

8.4 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.55 (d, J = 

2.0 Hz, 1H), 6.32 – 6.24 (m, 2H), 6.19 – 6.09 (m, 2H), 4.83 (d, J = 8.8 Hz, 1H), 2.78 – 

2.61 (m, 3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ
 144.6, 142.2, 136.2, 

134.8, 129.9, 129.8, 129.6, 128.5, 127.8, 126.6, 125.3, 124.8, 124.1, 119.4, 118.7, 117.7, 

115.2, 110.3, 42.7, 33.5, 21.6, 21.5; IR (neat): 3054, 2987, 1422, 1265, 896, 740, 736, 706;  

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22BrNNaO2S
+ 514.0447; Found 

514.0444. 

 

methyl 4-(2-tosyl-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)benzoate (2q) 

 

2q 

Compound 2q was prepared in 80% yield (77.6 mg) according to the general procedure. 6 

d. Yellow solid. M.p = 75 – 77 oC. 1H NMR (400 MHz, CDCl3) δ
 7.73 (d, J = 8.0 Hz, 2H), 

7.59 (d, J = 8.0 Hz, 2H), 7.24 – 7.14 (m, 4H), 6.83 (s, 1H), 6.54 (s, 1H), 6.35 – 6.27 (m, 

2H), 6.19 – 6.07 (m, 2H), 4.95 (d, J = 8.8 Hz, 1H), 3.86 (s, 3H), 2.80 – 2.64 (m, 3H), 2.41 

– 2.38 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 167.0, 148.9, 144.6, 136.1, 134.5, 129.8, 

128.6, 128.2, 127.9, 127.7, 126.6, 125.4, 124.8, 124.0, 121.3, 117.7, 115.2, 112.8, 51.9, 

43.9, 33.6, 21.7, 21.6; IR (neat): 3055, 2987, 2305, 1720, 1437, 1266, 896, 747, 741, 706;  

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C28H25NNaO4S
+ 494.1397; Found 

494.1398. 

 

10a-(3-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2r) 

 
2r 

Compound 2r was prepared in 74% yield (68.0 mg) according to the general procedure. 

46 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 

8.0 Hz, 2H), 7.00 – 6.97 (m, 1H), 6.81 (s, 1H), 6.73 – 6.56 (m, 4H), 6.29 – 6.27 (m, 2H), 

6.20 – 6.17 (m, 2H), 4.92 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H), 2.79 – 2.61 (m, 3H), 2.41 – 

2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 158.2, 145.0, 144.5, 136.3, 135.4, 129.8, 



 

 

128.5, 127.8, 127.6, 126.6, 125.3, 125.1, 123.9, 122.3, 120.5, 117.9, 115.0, 114.5, 113.8, 

110.3, 55.0, 44.1, 33.9, 21.8, 21.6; IR (neat): 3056, 2988, 1423, 1266, 896, 742, 737, 706; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO3S
+ 466.1447; Found 

466.1449. 

 

10a-(m-tolyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2s) 

 

2s 

Compound 2s was prepared in 94% yield (83.0 mg) according to the general procedure. 48 

h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 

Hz, 2H), 6.97 – 6.83 (m, 4H), 6.80 (s, 1H), 6.56 (d, J = 2.0 Hz, 1H), 6.31 – 6.23 (m, 2H), 

6.16 – 6.12 (m, 2H), 4.83 (d, J = 8.8 Hz, 1H), 2.78 – 2.60 (m, 3H), 2.41 – 2.37 (m, 4H), 

2.21 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.4, 143.0, 136.3, 136.1, 135.7, 129.7, 

128.6, 128.2, 127.6, 126.6(1), 126.5(7), 126.5, 125.2, 125.1, 124.9, 124.0, 119.5, 117.9, 

115.0, 111.2, 43.2, 33.8, 21.7, 21.6, 21.5; IR (neat): 3055, 2988, 2307, 1422, 1266, 1094, 

1064, 896, 749, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C27H25NNaO2S
+ 

450.1498; Found 450.1500. 

 

10a-(3-bromophenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2t) 

 

2t 

Compound 2t was prepared in 88% yield (89.0 mg) according to the general procedure. 48 

h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ
 7.61 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.8 

Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 6.95 – 6.91 (m, 1H), 6.82 (s, 

1H), 6.56 (d, J = 2.0 Hz, 1H), 6.34 – 6.27 (m, 2H), 6.23 – 6.12 (m, 2H), 4.89 (d, J = 8.8 

Hz, 1H), 2.71 (m, 3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 145.7, 144.6, 

136.2, 134.9, 130.8, 129.8, 128.9, 128.7, 128.4, 128.0, 126.7, 126.4, 125.5, 125.0, 124.1, 

121.1, 121.0, 117.8, 115.3, 112.5, 43.6, 33.7, 21.7, 21.6; IR (neat): 3054, 2987, 1422, 1265, 



 

 

1174, 1064, 896, 737, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C26H22BrNNaO2S
+ 514.0447; Found 514.0444. 

 

10a-(3,4-dimethoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2u) 

 

2u 

Compound 2u was prepared in 85% yield (82.4 mg) according to the general procedure. 

48 h. Yellow solid. M.p = 145 – 147 oC. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 

2H), 7.23 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.66 – 6.55 (m, 4H), 6.30 – 6.23 (m, 2H), 6.20 

– 6.10 (m, 2H), 4.76 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 2.76 – 2.58 (m, 3H), 

2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.4, 146.9, 144.5, 136.3, 135.7, 

135.4, 129.8, 128.2, 127.5, 126.7, 125.2, 124.9, 124.1, 120.4, 117.7, 116.7, 115.1, 112.0, 

109.5, 108.4, 55.8, 55.6, 42.2, 33.5, 21.6(0), 21.5(8); IR (neat): 3056, 2988, 2307, 1514, 

1423, 1266, 896, 738, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C28H27NNaO4S
+ 496.1553; Found 496.1555. 

 

10a-(3-methoxy-4-methylphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole 

(2v) 

 

2v 

Compound 2v was prepared in 88% yield (83.0 mg) according to the general procedure. 

35 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 

8.4 Hz, 2H), 6.87 (dd, J = 8.4, 2.0 Hz, 1H), 6.80 (s, 2H), 6.56 – 6.49 (m, 2H), 6.28 – 6.22 

(m, 2H), 6.19 – 6.09 (m, 2H), 4.73 (d, J = 8.8 Hz, 1H), 3.75 (s, 3H), 2.77 – 2.57 (m, 3H), 

2.41 – 2.35 (m, 4H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 155.6, 144.4, 136.4, 

136.1, 134.3, 130.4, 129.7, 128.1, 127.4, 126.6, 126.0, 125.1(1), 125.0(7), 124.6, 124.1, 

117.8, 117.1, 115.0, 108.7, 108.1, 55.1, 41.9, 33.7, 21.6(1), 21.5(9), 16.4; IR (neat): 3055, 



 

 

2987, 1422, 1266, 1064, 896, 747, 742; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C28H27NNaO3S
+ 480.1604; Found 480.1607. 

 

10a-(benzo[d][1,3]dioxol-5-yl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2w) 

 

2w 

Compound 2w was prepared in 86% yield (84.0 mg) according to the general procedure. 4 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3)
 δ 7.63 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.0 

Hz, 2H), 6.82 (s, 1H), 6.60 – 6.49 (m, 4H), 6.30 – 6.11 (m, 4H), 5.85 (d, J = 2.8 Hz, 2H), 

4.73 (d, J = 8.4 Hz, 1H), 2.76 – 2.58 (m, 3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, 

CDCl3) δ 146.2, 145.3, 144.5, 136.8, 136.3, 135.5, 129.8, 128.2, 127.6, 126.7, 125.2, 

124.9, 124.2, 121.1, 117.7, 117.0, 115.1, 108.9, 108.7, 106.7, 100.6, 42.3, 33.5, 21.6, 21.5; 

IR (neat): 3055, 2927, 1437, 1267, 1064, 896, 741, 737, 706; HRMS (ESI/QTOF) m/z: [M 

+ Na]+ Calcd for C27H23NNaO4S
+ 480.1240; Found 480.1243. 

 

10a-(thiophen-3-yl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole (2x) 

 

2x 

Compound 2x was prepared in 76% yield (64.0 mg) according to the general procedure. 4 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.0 

Hz, 2H), 6.91 (d, J = 7.6 Hz, 1H), 6.86 (d, J = 2.4 Hz, 1H), 6.82 (s, 1H), 6.69 – 6.65 (m, 

1H), 6.63 (d, J = 2.4 Hz, 1H), 6.36 – 6.24 (m, 4H), 5.16 (d, J = 8.8 Hz, 1H), 2.78 – 2.70 

(m, 2H), 2.65 – 2.56 (m, 1H), 2.52 – 2.43 (m, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 148.6, 144.6, 136.3, 135.4, 129.8, 129.1, 128.4, 126.6, 125.8, 125.2, 125.1, 

124.8, 124.1, 122.1, 119.1, 117.9, 115.0, 41.8, 33.7, 21.9, 21.6; IR (neat): 3055, 2987, 

1422, 1265, 1064, 896, 740, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C24H21NNaO2S2
+ 442.0906; Found 442.0905. 

 



 

 

10a-(4-methoxyphenyl)-8-methyl-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole 

(2y) 

 

2y 

Compound 2y was prepared in 49% yield (46.0 mg) according to the general procedure. 3 

h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 

Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.80 (s, 1H), 6.61 (d, J = 8.4 Hz, 2H), 6.47 (s, 1H), 6.11 

– 6.05 (d, J = 7.2 Hz, 1H), 5.99 (d, J = 8.4 Hz, 1H), 5.81 (d, J = 7.2 Hz, 1H), 4.39 (d, J = 

8.4 Hz, 1H), 3.73 (s, 3H), 2.75 – 2.47 (m, 3H), 2.41 – 2.37 (m, 4H), 1.71 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 157.3, 144.4, 136.4, 135.6, 134.7, 129.7, 129.3, 126.9, 126.6, 

125.4, 124.7, 117.7, 115.1, 112.2, 105.2, 98.3, 55.0, 39.0, 32.5, 22.4, 21.5, 21.1; IR (neat): 

3054, 2932, 2854, 1609, 1266, 1064, 896, 736, 705, 672;  HRMS (ESI/QTOF) m/z: [M + 

Na]+ Calcd for C28H27NNaO3S
+ 480.1604; Found 480.1600. 

 

8-fluoro-10a-(4-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole 

(2z) 

 

2z 

Compound 2z was prepared in 61% yield (58.0 mg) according to the general procedure. 

64 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ
 7.61 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 

8.0 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.62 – 5.58 (m, 3H), 6.25 – 6.21 (m, 

2H), 5.93 – 5.89 (m, 1H), 5.16 – 5.12 (m, 1H), 3.73 (s, 3H), 2.80 – 2.61 (m, 3H), 2.41 – 

2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 160.7 (d, J = 244.4 Hz), 157.7, 144.6, 136.2, 

135.5 (d, J = 24.9 Hz), 129.8, 128.1, 126.6, 125.1, 121.6 (d, J = 10.7 Hz), 120.3 (d, J = 

12.5 Hz), 117.8, 117.0, 116.7, 115.1, 112.5, 111.7 (d, J = 26.5 Hz), 55.0, 44.7, 34.2, 22.1, 

21.6; 19F NMR (471 MHz, CDCl3) δ -107.2; IR (neat): 3054, 2987, 2685, 1422, 1265, 

1064, 896, 741, 736, 705; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C27H24FNNaO3S
+ 484.1353; Found 484.1350. 



 

 

 

8-bromo-10a-(4-methoxyphenyl)-2-tosyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole 

(2aa) 

 

2aa 

Compound 2aa was prepared in 63% yield (67.0 mg) according to the general procedure. 

48 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 

8.0 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 6.82 (s, 1H), 6.64 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 

2.0 Hz, 1H), 6.37 (d, J = 8.8 Hz, 2H), 6.11 (d, J = 7.6 Hz, 1H), 4.73 (d, J = 9.6 Hz, 1H), 

3.74 (s, 3H), 2.77 – 2.56 (m, 3H), 2.41 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

157.7, 144.6, 136.2, 135.0, 134.3, 130.9, 129.8, 128.4, 127.7, 126.7, 124.6, 124.0, 121.4, 

121.1, 117.9, 115.2, 112.6, 112.5, 55.1, 42.9, 33.4, 21.6, 21.5; IR (neat): 3054, 2987, 2685, 

1422, 1266, 1064, 896, 747, 742, 731, 706; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C27H24BrNNaO3S
+ 544.0552; Found 544.0555. 

 

4.2 Synthesis of norcaradiene derived pyrroles 4 

 

The powered CuCl (0.02 mmol, 2.0 mg), (±)-BINAP (0.024 mmol, 14.9 mg) and NaBArF
4 

(0.024 mmol, 21.3 mg) were introduced into an oven-dried Schlenk tube. After DCM (1 

mL) was injected into the Schlenk tube, the solution was stirred at 40 °C for 0.5 h. Then 

compound 3 (0.2 mmol) in DCM (1 mL) was introduced into the system dropwise. The 

resulting mixture was stirred at 40 °C for 11 h-4 d, and the progress of the reaction was 

monitored by TLC. Upon completion, the reaction was concentrated under reduced 

pressure, and the residue was purified by column chromatography on silica gel (eluent: 

hexanes/ethyl acetate) to give the norcaradiene derived pyrrole 4.  

 



 

 

3b-(4-methoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4a) 

 

 

4a 

Compound 4a was prepared in 99% yield (103.8 mg) according to the general procedure. 

53 h. White solid. M.p = 93.4 – 94.2 oC. 1H NMR (500 MHz, CDCl3)
 δ 7.64 (d, J = 8.5 

Hz, 2H), 7.28 – 7.10 (m, 7H), 7.05 – 7.00 (m, 2H), 6.84 – 6.82 (m, 1H), 6.72 – 6.67 (m, 

2H), 6.37 (d, J = 2.5 Hz, 1H), 6.23 – 6.18 (m, 1H), 5.83 – 5.79 (m, 1H), 5.68 – 5.63 (m, 

2H), 3.76 (s, 3H), 3.65 (dd, J = 12.0, 4.5 Hz, 1H), 3.50 (d, J = 8.0 Hz, 1H), 2.77 (dd, J = 

16.0, 5.0 Hz, 1H), 2.43 – 2.33 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 157.6, 144.8, 

144.5, 136.3, 133.6, 131.8, 130.8, 129.8, 128.4, 128.0, 127.8(9), 126.8, 126.5, 125.1, 

124.8, 123.9, 122.8, 117.7, 115.5, 112.5, 67.7, 59.1, 55.0, 46.0, 29.5, 27.7, 21.6; IR (neat): 

3034, 2933, 1532, 1370, 1246, 1172, 1062, 796, 703, 674, 585, 538; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for C33H29NNaO3S
+ 558.2073; Found 558.2072. 

 

3b-(4-methoxyphenyl)-2-((4-methoxyphenyl)sulfonyl)-8-phenyl-3b,3c,8,9-tetrahydro-

2H-benzo[2,3]cyclopropa[1,2-e]isoindole (4b) 

 

4b 

Compound 4b was prepared in 70% yield (77.2 mg) according to the general procedure. 

42 h. Pale yellow solid. M.p = 77.7 – 78.4 oC. 1H NMR (500 MHz, CDCl3)
 δ 7.71 – 7.65 

(m, 2H), 7.28 – 7.21 (m, 2H), 7.20 – 7.14 (m, 1H), 7.12 (d, J = 7.0 Hz, 2H), 7.02 – 6.99 

(m, 2H), 6.92 – 6.88 (m, 2H), 6.80 (s, 1H), 6.70 – 6.66 (m, 2H), 6.35 (d, J = 2.0 Hz, 1H), 

6.25 – 6.19 (m, 1H), 5.82 – 5.78 (m, 1H), 5.67 – 5.61 (m, 2H), 3.83 (s, 3H), 3.76 (s, 3H), 

3.65 (dd, J = 12.5, 5.0 Hz, 1H), 3.49 (d, J = 7.0 Hz, 1H), 2.77 (dd, J = 15.5, 5.0 Hz, 1H), 

2.42 – 2.33 (m, 1H); 13C NMR (125 MHz, CDCl3)
 δ 163.5, 157.5, 144.9, 133.5, 131.8, 

130.8, 130.7, 129.0, 128.4, 127.9(4), 127.8(9), 126.5, 125.1, 124.8, 123.9, 122.7, 117.6, 



 

 

115.4, 114.3, 112.5, 67.7, 59.1, 55.6, 55.0, 46.0, 29.5, 27.7; IR (neat): 2924, 1574, 1509, 

1374, 1176, 1062, 745, 701, 631, 582; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C33H29NNaO4S
+ 574.2023; Found 574.2022. 

 

2-((4-bromophenyl)sulfonyl)-3b-(4-methoxyphenyl)-8-phenyl-3b,3c,8,9-tetrahydro-

2H-benzo[2,3]cyclopropa[1,2-e]isoindole (4c) 

 

4c 

Compound 4c was prepared in 87% yield (104.2 mg) according to the general procedure. 

56 h. Pale yellow solid. M.p = 79.3 – 79.6 oC. 1H NMR (400 MHz, CDCl3) δ 7.63 – 7.56 

(m, 4H), 7.28 – 7.08 (m, 5H), 7.02 – 6.98 (m, 2H), 6.81 (s, 1H), 6.71 – 6.65 (m, 2H), 6.34 

(d, J = 2.4 Hz, 1H), 6.25 – 6.20 (m, 1H), 5.82 – 5.76 (m, 1H), 5.67 – 5.61 (m, 2H), 3.77 (s, 

3H), 3.65 (dd, J = 12.0, 4.8 Hz, 1H), 3.48 (d, J = 6.8 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 

1H), 2.43 – 2.31 (m, 1H); 13C NMR (100 MHz, CDCl3)
 δ 157.6, 144.7, 138.1, 134.4, 

132.5, 131.9, 130.6, 128.7, 128.5, 128.2, 127.9(4), 127.9(0), 126.5, 125.2, 124.9, 123.9, 

123.4, 117.7, 115.6, 112.6, 66.8, 58.3, 55.0, 45.8, 29.4, 27.5; IR (neat): 3034, 2925, 2853, 

2183, 1656, 1510, 1375, 1176, 745, 583; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C32H26BrNNaO3S
+ 622.1022; Found 622.1020. 

 

3b-(4-methoxyphenyl)-2-((4-nitrophenyl)sulfonyl)-8-phenyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4d) 

 

4d 

Compound 4d was prepared in 72% yield (83.8 mg) according to the general procedure. 

56 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.41 – 8.36 (m, 2H), 8.02 – 7.96 (m, 

2H), 7.37 – 7.26 (m, 3H), 7.23 – 7.18 (m, 2H), 7.12 – 7.06 (m, 2H), 6.92 (s, 1H), 6.81 – 

6.75 (m, 2H), 6.44 (d, J = 2.4 Hz, 1H), 6.35 – 6.28 (m, 1H), 5.94 – 5.87 (m, 1H), 5.79 – 

5.69 (m, 2H), 3.86 (s, 3H), 3.72 (dd, J = 12.4, 4.8 Hz, 1H), 3.54 (d, J = 6.8 Hz, 1H), 2.87 



 

 

(dd, J = 15.6, 4.8 Hz, 1H), 2.52 – 2.42 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 157.7, 

150.5, 144.5, 135.4, 131.9, 130.4, 128.5, 128.0, 127.9, 126.6, 125.3, 125.0, 124.5, 124.3, 

123.8, 117.8, 115.8, 112.6, 57.6, 55.1, 45.7, 29.3, 27.3, 15.9; IR (neat): 2956, 2925, 2854, 

1609, 1533, 1350, 1250, 1181, 1060, 741, 701; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C32H26NNaO5S
+ 605.2081; Found 605.2080. 

 

3b-(4-methoxyphenyl)-2-(naphthalen-2-yl)-8-phenyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4e) 

 

4e 

Compound 4e was prepared in 82% yield (93.7 mg) according to the general procedure. 

54 h. Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.36 (s, 1H), 7.95 – 7.85 (m, 3H), 

7.70 – 7.58 (m, 3H), 7.28 – 7.22 (m, 2H), 7.20 – 7.16 (m, 1H), 7.12 (d, J = 7.0 Hz, 2H), 

7.04 – 7.01 (m, 2H), 6.91 (s, 1H), 6.73 – 6.69 (m, 2H), 6.46 (d, J = 2.5 Hz, 1H), 6.25 – 

6.19 (m, 1H), 5.84 – 5.79 (m, 1H), 5.68 – 5.62 (m, 2H), 3.76 (s, 3H), 3.63 (dd, J = 12.5, 

5.0 Hz, 1H), 3.48 (d, J = 6.5 Hz, 1H), 2.76 (dd, J = 16.0, 5.0 Hz, 1H), 2.43 – 2.33 (m, 1H); 

13C NMR (125 MHz, CDCl3)
 δ 157.6, 144.8, 136.0, 135.1, 133.9, 132.0, 131.9, 130.7, 

129.6, 129.4, 129.3, 128.4, 128.3, 127.9(2), 127.8(9), 127.7, 126.5, 125.1, 124.8, 123.9, 

123.0, 121.7, 117.9, 115.7, 112.5, 66.9, 58.3, 55.0, 45.9, 29.4, 27.5; IR (neat): 2925, 1510, 

1365, 1245, 1174, 1061, 737, 641, 578; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C36H29NNaO3S
+ 594.2073; Found 594.2071. 

 

3b-(4-ethoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4f) 

 

4f 



 

 

Compound 4f was prepared in 79% yield (86.8 mg) according to the general procedure. 4 

d. White solid. M.p = 156.7 – 157.4 oC. 1H NMR (400 MHz, CDCl3)
 δ 7.66 – 7.62 (m, 

2H), 7.28 – 7.10 (m, 7H), 7.03 – 6.99 (m, 2H), 6.84 – 6.81 (m, 1H), 6.71 – 6.66 (m, 2H), 

6.37 (d, J = 2.0 Hz, 1H), 6.25 – 6.19 (m, 1H), 5.84 – 5.78 (m, 1H), 5.69 – 5.60 (m, 2H), 

3.98 (q, J = 7.2 Hz, 2H), 3.65 (dd, J = 12.4, 4.8 Hz, 1H), 3.50 (d, J = 6.8 Hz, 1H), 2.77 

(dd, J = 15.6, 4.8 Hz, 1H), 2.43 – 2.34 (m, 4H), 1.39 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 157.0, 144.9, 144.5, 136.3, 133.7, 131.8, 130.6, 129.8, 128.4, 128.0, 

127.9, 126.8, 126.5, 125.1, 124.9, 123.9, 122.8, 117.8, 115.5, 113.0, 67.9, 63.1, 59.3, 46.0, 

29.5, 27.8, 21.6, 14.9; IR (neat): 3033, 2979, 2927, 1609, 1509, 1369, 1243, 1171, 1061, 

702, 674, 586; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C35H35NNaO3S
+ 572.2230; 

Found 572.2229. 

 

3b-(4-(benzyloxy)phenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4g) 

 

4g 

Compound 4g was prepared in 87% yield (106.3 mg) according to the general procedure. 

96 h.  Yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.67 – 7.62 (m, 2H), 7.46 – 7.18 (m, 

10H), 7.16 – 7.12 (m, 2H), 7.06 – 7.01 (m, 2H), 6.85 – 6.76 (m, 3H), 6.39 (d, J = 2.4 Hz, 

1H), 6.25 – 6.19 (m, 1H), 5.88 – 5.81 (m, 1H), 5.72 – 5.63 (m, 2H), 5.00 (s, 2H), 3.66 (dd, 

J = 12.4, 4.8 Hz, 1H), 3.52 (d, J = 6.8 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 1H), 2.44 – 2.34 

(m, 4H); 13C NMR (100 MHz, CDCl3) δ 157.0, 144.8, 144.5, 137.2, 136.3, 133.6, 131.8, 

131.2, 129.9, 129.8, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 126.8, 126.5, 125.2, 124.9, 

123.9, 122.8, 117.8, 115.5, 113.4, 70.0, 59.9, 46.0, 29.5, 28.0, 21.6; IR (neat): 2925, 2855, 

1603, 1508, 1351, 1164, 1093, 832, 737, 701. HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd 

for C40H37NNaO3S
+ 634.2386; Found 634.2385. 

 

3b-(4-phenoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4h) 



 

 

 

4h 

Compound 4h was prepared in 83% yield (99.1 mg) according to the general procedure. 

56 h. Pale yellow solid. M.p = 123.8 – 125.3 oC. 1H NMR (500 MHz, CDCl3) δ 7.68 – 

7.64 (m, 2H), 7.35 – 7.31 (m, 2H), 7.29 – 7.24 (m, 4H), 7.22 – 7.18 (m, 1H), 7.15 – 7.12 

(m, 2H), 7.10 – 7.05 (m, 3H), 7.02 – 6.98 (m, 2H), 6.85 – 6.83 (m, 1H), 6.81 – 6.77 (m, 

2H), 6.42 (d, J = 2.0 Hz, 1H), 6.26 – 6.20 (m, 1H), 5.89 – 5.80 (m, 1H), 5.73 – 5.63 (m, 

2H), 3.67 (dd, J = 12.5, 5.0 Hz, 1H), 3.57 (d, J = 7.0 Hz, 1H), 2.79 (dd, J = 15.5, 5.0 Hz, 

1H), 2.44 – 2.37 (m, 4H); 13C NMR (125 MHz, CDCl3)
 δ 157.2, 155.2, 144.7, 144.6, 

136.3, 133.6, 133.3, 132.0, 129.8, 129.6, 128.5, 128.0, 127.8, 126.8, 126.5, 125.3, 125.1, 

123.9, 123.1, 122.8, 118.9, 117.7, 117.3, 115.6, 70.0, 61.2, 46.1, 29.5, 28.5, 21.6; IR 

(neat): 3035, 2923, 1590, 1504, 1489, 1237, 1172, 1061, 673, 584; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for C39H35NNaO3S
+ 620.2230; Found 620.2228. 

 

3b-(4-((tert-butyldimethylsilyl)oxy)phenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-

2H-benzo[2,3]cyclopropa[1,2-e]isoindole (4i) 

 

4i 

Compound 4i was prepared in 80% yield (101.6 mg) according to the general procedure. 

11 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.61 (m, 2H), 7.29 – 7.11 (m, 

7H), 6.98 – 6.92 (m, 2H), 6.84 – 6.81 (m, 1H), 6.64 – 6.60 (m, 2H), 6.37 (d, J = 2.4 Hz, 

1H), 6.25 – 6.19 (m, 1H), 5.83 – 5.77 (m, 1H), 5.67 – 5.60 (m, 2H), 3.65 (dd, J = 12.4, 5.2 

Hz, 1H), 3.54 (d, J = 6.8 Hz, 1H), 2.77 (dd, J = 15.6, 4.8 Hz, 1H), 2.45 – 2.33 (m, 4H), 

0.97 (s, 9H), 0.18 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 153.6, 144.9, 144.5, 136.3, 



 

 

133.7, 131.7, 131.6, 129.8, 128.4, 128.0, 127.8, 126.8, 126.5, 125.2, 125.0, 123.9, 122.8, 

118.6, 117.8, 115.5, 69.6, 60.9, 46.1, 29.5, 28.4, 25.7, 21.6, 18.2, -4.3(7), -4.3(9); IR 

(neat): 2931, 2858, 1604, 1508, 1255, 1173, 1062, 840, 781, 702, 585, 538; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C39H45NNaO3SSi+ 658.2782; Found 658.2781. 

 

3b-(4-(methylthio)phenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4j) 

 

4j 

Compound 4j was prepared in 78% yield (86.0 mg) according to the general procedure 48 

h. Pale yellow solid. M.p = 88.8 – 90.2 oC. 1H NMR (400 MHz, CDCl3) δ 7.72 – 7.67 (m, 

2H), 7.35 – 7.15 (m, 7H), 7.11 – 7.02 (m, 4H), 6.83 (s, 1H), 6.38 (d, J = 2.4 Hz, 1H), 6.25 

– 6.20 (m, 1H), 5.90 – 5.85 (m, 1H), 5.76 – 5.68 (m, 2H), 3.67 (dd, J = 12.4, 4.8 Hz, 1H), 

3.59 (d, J = 7.2 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 1H), 2.52 – 2.39 (m, 7H); 13C NMR 

(100 MHz, CDCl3) δ 144.7, 144.5, 136.3, 135.8, 135.6, 133.2, 131.1, 129.8, 128.5, 128.0, 

127.7, 126.8, 126.5, 125.4, 125.3, 125.2, 123.9, 122.8, 117.7, 115.6, 71.1, 62.3, 46.2, 29.5, 

29.0, 21.6, 15.7; IR (neat): 3029, 2923, 2855, 1597, 1494, 1369, 1171, 1062, 812, 674, 

585, 538; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H33NNaO2S2
+ 574.1845; 

Found 574.1842. 

 

8-phenyl-3b-(p-tolyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropa[1,2-

e]isoindole (4k) 

 

4k 



 

 

Compound 4k was prepared in 65% yield (67.5 mg) according to the general procedure. 3 

d. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.61 (m, 2H), 7.31 – 7.12 (m, 

7H), 7.01 – 6.93 (m, 4H), 6.84 – 6.80 (m, 1H), 6.37 (d, J = 2.4 Hz, 1H), 6.25 – 6.20 (t, J = 

7.6 Hz, 1H), 5.86 – 5.79 (m, 1H), 5.71 – 5.63 (m, 2H), 3.68 (dd, J = 12.4, 5.2 Hz, 1H), 

3.58 (d, J = 6.8 Hz, 1H), 2.78 (dd, J = 15.6, 5.2 Hz, 1H), 2.45 – 2.36 (m, 4H), 2.28 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 144.8, 144.5, 136.4, 135.8, 135.4, 133.6, 130.5, 129.8, 

128.4, 128.0, 127.8(3), 127.7(9), 126.8, 126.5, 125.2, 125.0, 124.0, 123.0, 117.9, 115.5, 

71.0, 62.2, 46.2, 29.6, 29.1, 21.6, 21.2; IR (neat): 2949, 2925, 2856, 1453, 1369, 1172, 

1061, 811, 674, 585; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H33NNaO2S
+ 

542.2124; Found 542.2122. 

 

3b,8-diphenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropa[1,2-e]isoindole 

(4l) 

 

4l 

Compound 4l was prepared in 85% yield (85.9 mg) according to the general procedure. 96 

h. Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.66 – 7.60 (m, 2H), 7.31 – 7.09 (m, 

12H), 6.85 – 6.81 (m, 1H), 6.36 (d, J = 2.0 Hz, 1H), 6.26 – 6.20 (m, 1H), 5.85 – 5.80 (m, 

1H), 5.67 (d, J = 4.5 Hz, 2H), 3.69 (dd, J = 12.0, 5.0 Hz, 1H), 3.64 (d, J = 7.0 Hz, 1H), 

2.80 (dd, J = 15.5, 4.5 Hz, 1H), 2.46 – 2.38 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 

144.7, 144.5, 139.0, 136.3, 133.4, 130.6, 129.8, 128.4, 128.0, 127.8, 127.0, 126.8, 126.5, 

126.1, 125.3, 125.1, 124.0, 123.0, 117.8, 115.5, 72.1, 63.2, 46.3, 29.7, 29.6, 21.6; IR 

(neat): 3029, 2926, 1737, 1597, 1445, 1369, 1171, 1061, 812, 752, 674, 586, 524; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C33H31NNaO2S
+ 528.1968; Found 528.1967. 

 

3b-(3-methoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4m) 



 

 

 

4m 

Compound 4m was prepared in 79% yield (84.6 mg) according to the general procedure. 

89 h. Pale yellow solid. M.p = 171.5 – 172.2 oC. 1H NMR (400 MHz, CDCl3)
 7.65 – 7.58 

(m, 2H), 7.28 – 7.20 (m, 4H), 7.20 – 7.10 (m, 4H), 7.01 – 6.98 (m, 1H), 6.81 – 6.72 (m, 

3H), 6.36 (s, 1H), 6.20 – 6.14 (m, 1H), 5.67 – 5.64 (m, 1H), 5.54 (d, J = 9.6 Hz, 1H), 5.45 

– 5.35 (m, 1H), 3.68 – 3.52 (m, 4H), 2.86 (d, J = 6.0 Hz, 1H), 2.71 (dd, J = 16.0, 5.2 Hz, 

1H), 2.38 (s, 3H), 2.31 – 2.20 (m, 1H); 13C NMR (100 MHz, CDCl3)
 δ 158.2, 145.5, 

144.3, 136.5, 133.7, 129.7, 128.4, 128.0, 127.9, 126.7, 126.3, 124.6, 122.6, 119.0, 117.2, 

115.6, 111.2, 55.2, 44.0, 36.9, 29.7, 29.1, 21.6, 18.7; IR (neat): 3039, 2931, 1596, 1494, 

1369, 1172, 1062, 741, 675, 585; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C34H33NNaO3S
+ 558.2073; Found 558.2072. 

 

8-phenyl-3b-(m-tolyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropa[1,2-

e]isoindole (4n) 

 

4n 

Compound 4n was prepared in 82% yield (85.1 mg) according to the general procedure. 

65 h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.63 – 7.59 (m, 2H), 7.27 – 7.09 (m, 

9H), 7.04 – 6.99 (m, 1H), 6.94 – 6.86 (m, 3H), 6.82 – 6.79 (m, 1H), 6.37 (d, J = 2.4 Hz, 

1H), 6.25 – 6.19 (m, 1H), 5.84 – 5.79 (m, 1H), 5.69 – 5.63 (m, 2H), 3.69 (dd, J = 12.4, 4.9 

Hz, 1H), 3.63 (d, J = 7.2 Hz, 1H), 2.79 (dd, J = 15.6, 5.2 Hz, 1H), 2.44 – 2.33 (m, 4H), 

2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.8, 144.5, 138.9, 136.4, 136.3, 133.6, 

131.3, 129.8, 128.4, 128.0, 127.7, 127.6, 126.9, 126.8, 126.7, 126.5, 125.3, 125.0, 124.0, 

123.0, 117.9, 115.5, 72.5, 63.7, 46.3, 29.8, 29.6, 21.6, 21.4; IR (neat): 3027, 2921, 2852, 



 

 

1598, 1449, 1352, 1163, 1092, 701, 544; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C34H33NNaO2S
+ 542.2124; Found 542.2123. 

 

3b-(2-methoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4o) 

 

4o 

Compound 4o was prepared in 85% yield (91.0 mg) according to the general procedure. 

56 h. White solid. M.p = 72.7 – 74.1 oC. 1H NMR (500 MHz, CDCl3) δ 7.62 (d, J = 7.0 

Hz, 2H), 7.28 – 7.22 (m, 4H), 7.19 – 7.12 (m, 4H), 7.02 (s, 1H), 6.83 – 6.71 (m, 3H), 6.37 

(s, 1H), 6.22 – 6.14 (m, 1H), 5.67 (s, 1H), 5.55 (d, J = 9.5 Hz, 1H), 5.40 (s, 1H), 3.67 – 

3.52 (m, 4H), 2.87 (d, J = 6.5 Hz, 1H), 2.72 (dd, J = 16.0, 5.5 Hz, 1H), 2.39 (s, 3H), 2.27 

(t, J = 13.0 Hz, 1H); 13C NMR (125 MHz, CDCl3)
 δ 158.2, 145.4, 144.3, 136.5, 133.6, 

132.0, 129.7, 129.3, 129.0, 128.3, 128.0, 127.9, 126.7, 126.3, 124.5, 123.8, 122.6, 121.5, 

119.0, 117.1, 115.6, 111.1, 55.2, 44.5, 44.0, 36.8, 29.0, 21.5, 18.7; IR (neat): 3032, 2929, 

1598, 1492, 1428, 1369, 1285, 1172, 1062, 737, 701, 584; HRMS (ESI/QTOF) m/z: [M + 

Na]+ Calcd for C34H33NNaO3S
+ 558.2073; Found 558.2072. 

 

8-phenyl-3b-(o-tolyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropa[1,2-

e]isoindole (4p) 

 

4p 

Compound 4p was prepared in 83% yield (83.5 mg) according to the general procedure. 

70 h. White solid. M.p = 172.0 – 172.6 oC. 1H NMR (500 MHz, CDCl3)
 δ 7.61 (d, J = 8.0 

Hz, 2H), 7.27 – 7.22 (m, 4H), 7.14 – 6.96 (m, 7H), 6.82 (s, 1H), 6.34 – 6.25 (m, 2H), 5.75 

– 5.70 (m, 1H), 5.59 (d, J = 9.5 Hz, 1H), 5.47 – 5.42 (m, 1H), 3.47 (dd, J = 12.5, 5.0 Hz, 



 

 

1H), 2.88 (d, J = 6.0 Hz, 1H), 2.73 (dd, J = 15.5, 5.0 Hz, 1H), 2.39 (s, 3H), 2.28 (t, J = 

13.0 Hz, 1H), 1.97 (s, 3H); 13C NMR (125 MHz, CDCl3)
 δ 144.9, 144.4, 138.0, 136.2, 

134.4, 133.0, 131.5, 130.6, 129.7, 128.4, 127.7, 127.1, 126.8, 126.6, 126.5, 124.0(3), 

123.9(6), 123.5, 122.7, 122.4, 117.6, 115.9, 43.8, 42.7, 34.4, 28.9, 21.6, 20.8, 19.6; IR 

(neat): 3033, 2923, 1493, 1369, 1173, 1093, 1061, 750, 675, 614, 585; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C33H29NNaO2S
+ 526.1811; Found 526.1810. 

 

3b-(4-methoxy-3-methylphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4q) 

 

4q 

Compound 4q was prepared in 72% yield (79.1 mg) according to the general procedure. 

56 h. Pale yellow solid. M.p = 97 – 98.3 oC. 1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 

8.5 Hz, 2H), 7.29 – 7.18 (m, 5H), 7.15 – 7.11 (m, 2H), 6.89 (dd, J = 8.5, 2.5 Hz, 1H), 6.85 

– 6.80 (m, 2H), 6.60 (d, J = 8.5 Hz, 1H), 6.38 (d, J = 2.0 Hz, 1H), 6.22 (t, J = 8.0 Hz, 1H), 

5.82 (t, J = 7.0 Hz, 1H), 5.69 – 5.61 (m, 2H), 3.78 (s, 3H), 3.66 (dd, J = 12.5, 5.0 Hz, 1H), 

3.50 (d, J = 7.0 Hz, 1H), 2.77 (dd, J = 15.5, 5.0 Hz, 1H), 2.43 – 2.36 (m, 4H), 2.12 (s, 3H); 

13C NMR (125 MHz, CDCl3) δ 155.7, 144.9, 144.5, 136.3, 133.9, 133.0, 130.3, 129.8, 

128.9, 128.4, 128.0, 127.9, 126.7, 126.4, 125.1, 124.9, 124.8, 123.9, 122.9, 117.9, 115.5, 

108.4, 68.8, 60.2, 55.0, 46.1, 29.5, 28.1, 21.6, 16.3; IR (neat): 2926, 2855, 1597, 1503, 

1369, 1243, 1172, 1061, 810, 674, 585; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for 

C35H35NNaO3S
+ 572.2230; Found 572.2229. 

 

3b-(3,4-dimethoxyphenyl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4r) 



 

 

 

4r 

Compound 4r was prepared in 80% yield (90.4 mg) according to the general procedure. 

58 h. Pale yellow solid. M.p = 72.6 – 73.9 oC. 1H NMR (500 MHz, CDCl3) δ 7.65 (d, J = 

8.5 Hz, 2H), 7.26 – 7.23 (m, 4H), 7.21 – 7.17 (m, 1H), 7.15 – 7.12 (m, 2H), 6.85 – 6.81 

(m, 1H), 6.68 – 6.58 (m, 3H), 6.41 (d, J = 2.5 Hz, 1H), 6.26 – 6.19 (m, 1H), 5.85 – 5.81 

(m, 1H), 5.70 – 5.61 (m, 2H), 3.83 (s, 3H), 3.77 (s, 3H), 3.67 (dd, J = 12.5, 5.0 Hz, 1H), 

3.53 (d, J = 7.0 Hz, 1H), 2.78 (dd, J = 15.5, 5.0 Hz, 1H), 2.43 – 2.36 (m, 4H); 13C NMR 

(125 MHz, CDCl3)
 δ 147.5, 147.0, 144.7, 144.5, 136.2, 133.5, 131.2, 129.8, 128.4, 127.9, 

127.8, 126.7, 126.4, 125.2, 124.9, 123.8, 123.3, 122.7, 117.6, 115.5, 114.4, 109.8, 68.1, 

59.5, 55.8, 55.6, 45.9, 29.4, 28.2, 21.5; IR (neat): 3031, 2932, 2856, 1598, 1369, 1188, 

1093, 812, 737, 675, 584; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C35H35NNaO4S
+ 

588.2179; Found 588.2178. 

 

3b-(benzo[d][1,3]dioxol-5-yl)-8-phenyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4s) 

 

4s 

Compound 4s was prepared in 87% yield (95.5 mg) according to the general procedure. 55 

h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.68 – 7.64 (m, 2H), 7.28 – 7.10 (m, 

7H), 6.84 – 6.82 (m, 1H), 6.64 – 6.55 (m, 3H), 6.44 (d, J = 2.0 Hz, 1H), 6.25 – 6.20 (m, 

1H), 5.94 – 5.84 (m, 3H), 5.74 – 5.62 (m, 2H), 3.65 (dd, J = 12.4, 4.8 Hz, 1H), 3.56 (d, J = 

6.8 Hz, 1H), 2.78 (dd, J = 15.6, 4.8 Hz, 1H), 2.46 – 2.34 (m, 4H); 13C NMR (100 MHz, 

CDCl3) δ 146.2, 145.5, 144.7, 144.5, 136.3, 133.4, 132.6, 129.8, 128.4, 127.9, 127.7, 



 

 

126.8, 126.5, 125.4, 125.1, 124.0, 123.8, 122.8, 117.7, 115.5, 111.3, 107.1, 100.7, 70.9, 

62.1, 46.1, 29.5, 29.0, 21.6; IR (neat): 2925, 1490, 1369, 1226, 1061, 1040, 812, 702, 674, 

585. HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H31NNaO4S
+ 572.1866; Found 

572.1865. 

 

8-phenyl-3b-(thiophen-2-yl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4t) 

 

4t 

Compound 4t was prepared in 87% yield (88.9 mg) according to the general procedure. 50 

h. Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.67 – 7.63 (m, 2H), 7.29 – 7.22 (m, 

4H), 7.22 – 7.16 (m, 1H), 7.13 – 7.09 (m, 2H), 7.02 (dd, J = 4.8, 1.2 Hz, 1H), 6.85 – 6.82 

(m, 1H), 6.77 – 6.74 (m, 1H), 6.69 – 6.65 (m, 2H), 6.25 – 6.20 (m, 1H), 6.10 – 6.00 (m, 

1H), 5.92 – 5.85 (m, 1H), 5.67 (d, J = 8.4 Hz, 1H), 4.05 (d, J = 7.2 Hz, 1H), 3.75 (dd, J = 

12.0, 4.8 Hz, 1H), 2.83 (dd, J = 15.2, 4.8 Hz, 1H), 2.53 – 2.38 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 144.6, 144.3, 143.3, 136.3, 133.5, 129.8, 128.4, 128.2, 128.0, 127.5, 

126.7, 126.6, 126.5, 126.3, 124.8, 124.1, 123.2, 123.0, 117.9, 115.6, 85.9, 46.5, 29.5, 28.2, 

21.6; IR (neat): 3029, 2926, 2855, 1733, 1597, 1453, 1266, 1171, 1018, 814, 674, 586. 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C31H29NNaO2S2
+ 534.1532; Found 

534.1531. 

 

3b-(4-methoxyphenyl)-5-methyl-8-(p-tolyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4u) 

 

4u 

Compound 4u was prepared in 50% yield (54.7 mg) according to the general procedure. 

40 h. yellow oil. 1H NMR (400 MHz, CDCl3)
 δ 7.65 – 7.61 (m, 2H), 7.27 – 7.23 (m, 3H), 



 

 

7.09 – 6.97 (m, 5H), 6.81 – 6.78 (m, 1H), 6.72 – 6.66 (m, 2H), 6.34 (d, J = 2.4 Hz, 1H), 

5.90 (d, J = 6.8 Hz, 1H), 5.56 (d, J = 9.6 Hz, 1H), 5.43 (d, J = 9.2 Hz, 1H), 3.77 (s, 3H), 

3.56 (dd, J = 12.4, 4.8 Hz, 1H), 3.27 (d, J = 6.8 Hz, 1H), 2.72 (dd, J = 15.6, 5.2 Hz, 1H), 

2.40 (s, 3H), 2.32 – 2.28 (s, 4H), 1.56 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 157.5, 

144.4, 142.1, 136.4, 135.9, 133.8, 133.0, 132.1, 131.0, 129.8, 129.1, 128.3, 127.8, 127.0, 

126.8, 122.9, 120.4, 117.6, 115.4, 112.4, 60.8, 55.1, 53.3, 45.0, 29.6, 26.5, 21.6, 21.4, 

21.0; IR (neat): 3023, 2926, 2858, 1597, 1514, 1369, 1172, 1062, 814, 672, 539. HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C35H33NNaO3S
+ 570.2073; Found 570.2072. 

 

5-fluoro-8-(4-fluorophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4v) 

 

4v 

Compound 4v was prepared in 98% yield (108.8 mg) according to the general procedure. 

40 h. Pale yellow solid. M.p = 92.2 – 93.5 oC. 1H NMR (400 MHz, CDCl3) δ 7.65 – 7.61 

(m, 2H), 7.27 – 7.23 (m, 2H), 7.10 – 7.01 (m, 4H), 6.99 – 6.92 (m, 2H), 6.84 (s, 1H), 6.72 

– 6.67 (m, 2H), 6.43 (d, J = 2.4 Hz, 1H), 5.97 – 5.91 (m, 1H), 5.75 – 5.70 (m, 1H), 5.65 – 

5.58 (m, 1H), 4.03 – 3.97 (m, 1H), 3.78 – 3.67 (m, 4H), 2.81 (dd, J = 15.6, 4.8 Hz, 1H), 

2.47 – 2.37 (m, 4H); 13C NMR (100 MHz, CDCl3)
 δ 161.6 (d, J =243.0 Hz), 159.2 (d, J 

=233.0 Hz), 157.9, 144.6, 139.9 (d, J = 3.0 Hz), 136.2, 133.6, 131.5, 130.5, 129.8, 129.4 

(d, J = 8.0 Hz), 128.4 (d, J = 10.0 Hz), 126.7, 122.8, 117.9, 115.6 (d, J =5.0 Hz), 115.4 (d, 

J =21.0 Hz), 115.3, 112.8, 108.3 (d, J = 27.0 Hz), 85.5, 55.0, 46.2, 33.4, 29.9, 21.6; 19F 

NMR (471 MHz, CDCl3) δ -116.1, -112.6;  IR (neat): 2921, 2858, 1369, 1248, 1172, 1062, 

825, 672, 540; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H27F2NNaO3S
+ 

578.1572; Found 578.1571. 

 

5-chloro-8-(4-chlorophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4w) 



 

 

 

4w 

Compound 4w was prepared in 57% yield (74.0 mg) according to the general procedure. 

65 h. Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.5 Hz, 2H), 7.27 – 7.22 

(m, 4H), 7.05 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H), 6.83 (s, 1H), 6.72 (d, J = 9.0 

Hz, 2H), 6.39 (d, J = 2.5 Hz 1H), 6.23 (d, J = 7.5 Hz, 1H), 5.66 – 5.62 (m, 2H), 3.78 (s, 

3H), 3.66 – 3.58 (m, 2H), 2.77 (dd, J = 15.5 Hz, 1H), 2.42 – 2.31 (m, 4H); 13C NMR (125 

MHz, CDCl3) δ 158.0, 144.7, 142.7, 136.2, 132.7, 132.5, 131.2, 130.4, 130.1, 129.8, 

129.2, 129.1, 128.8, 126.8, 126.6, 122.2, 121.8, 118.1, 115.7, 112.9, 65.2, 55.1, 45.5, 31.5, 

30.5, 22.6, 21.6; IR (neat): 3285, 2203, 1704, 1532, 1491, 1322, 1184, 1093, 830, 527; 

HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H31Cl2NNaO3S
+ 627.1924; Found 

627.1923. 

 

5-bromo-8-(4-bromophenyl)-3b-(4-methoxyphenyl)-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4x) 

 

4x 

Compound 4x was prepared in 88% yield (110.6 mg) according to the general procedure. 

55 h. Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 

8.5 Hz, 2H), 7.26 (d, J = 7.5 Hz, 2H), 7.02 – 6.95 (m, 4H), 6.83 (s, 1H), 6.72 (d, J = 8.5 

Hz, 2H), 6.43 – 6.37 (m, 2H), 5.84 (d, J = 9.0 Hz, 1H), 5.57 (d, J = 9.0 Hz, 1H), 3.78 (s, 

3H), 3.67 – 3.59 (m, 2H), 2.78 (dd, J = 15.5 Hz, 1H), 2.42 – 2.31 (m, 4H); 13C NMR (125 

MHz, CDCl3) δ 157.9, 144.7, 143.1, 136.1, 132.6, 131.7, 131.0, 130.4, 129.8, 129.6, 

129.1, 128.9, 126.8, 125.2, 122.2, 120.5, 118.9, 118.0, 115.7, 112.8, 68.1, 55.1, 45.7, 31.0, 

29.3, 21.6; IR (neat): 3051, 2932, 2837, 1609, 1489, 1369, 1248, 1171, 1062, 816, 738, 

676, 538; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C34H31Br2NNaO3S
+ 714.0284; 

Found 714.0284. 



 

 

3b-(4-methoxyphenyl)-8-methyl-2-tosyl-3b,3c,8,9-tetrahydro-2H-

benzo[2,3]cyclopropa[1,2-e]isoindole (4z) 

 

4z 

Compound 4z was prepared in 94% yield (86.0 mg) according to the general procedure. 

48 h. Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.61 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 

8.0 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.80 – 6.76 (m, 1H), 6.64 (d, J = 8.5 Hz, 2H), 6.44 

(d, J = 2.0 Hz, 1H), 6.19 – 6.13 (m, 1H), 6.06 (d, J = 8.0 Hz, 1H), 5.96 – 5.88 (m, 2H), 

3.77 – 3.72 (m, 4H), 2.67 (dd, J = 15.0, 4.5 Hz, 1H), 2.60 – 2.55 (m, 1H), 2.38 (s, 3H), 

2.09 – 2.02 (m, 1H), 1.06 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 157.4, 

144.4, 136.4, 134.5, 132.8, 130.7, 129.7, 126.6, 126.4, 125.6, 125.2, 124.7, 123.2, 117.6, 

115.4, 112.3, 55.0, 34.8, 34.4, 33.7, 28.3, 21.6, 21.6, 20.0. IR (neat): 2954, 2925, 2855, 

1609, 1509, 1460, 1291, 1172, 1062, 812, 789, 674, 605, 583, 538; HRMS (ESI/QTOF) 

m/z: [M + Na]+ Calcd for C28H27NNaO3S
+ 480.1604; Found 480.1598. 

 

4.3 Synthetic transformations 

10a-(4-methoxyphenyl)-2-methyl-2,4,5,10a-tetrahydrocyclohepta[e]isoindole(5a) 

 

Compound 5a was prepared in 75% yield according to the known procedure (0.1 mmol 

scale, 22.5 mg).1,2 Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.07 (d, J = 8.8 Hz, 2H), 

6.60 (d, J = 8.4 Hz, 2H), 6.36 – 6.25 (m, 3H), 6.21 – 6.15 (m, 2H), 6.00 (d, J = 2.0 Hz, 

1H), 5.07 (d, J = 8.8 Hz, 1H), 3.70 (s, 3H), 3.48 (s, 3H), 2.85 – 2.69 (m, 3H), 2.59 – 2.44 

(m, 1H); 13C NMR (100 MHz, CDCl3) δ 157.0, 137.2, 130.4, 128.5, 128.4, 127.5, 125.6, 

124.7, 123.4, 118.9, 118.5, 116.8, 116.3, 111.9, 54.9, 43.8, 36.0, 35.1, 21.8; IR (neat): 

2924, 2849, 1702, 1607, 1459, 1394, 1243, 1174, 823, 789, 703; HRESIMS Calcd for 

[C21H21NNaO]+ [M + Na+] 326.1515, found 326.1514. 

 

10a-(3-methoxyphenyl)-2-tosyl-1,2,3,4,5,10a-hexahydrocyclohepta[e]isoindole(5b) 



 

 

 

Compound 5b was prepared in 85% yield according to the known procedure (0.1 mmol 

scale, 37.8 mg).1 Pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 

7.32 (d, J = 8.5 Hz, 2H), 7.22 – 7.13 (m, 3H), 7.04 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 8.5 Hz, 

2H), 6.71 (d, J = 9.0 Hz, 2H), 4.35 – 4.31 (m, 2H), 4.21 – 4.19 (m, 1H), 4.11 – 4.08 (m, 

1H), 4.01 – 3.98 (m, 1H), 3.75 (s, 3H), 2.91 – 2.80 (m, 1H), 2.49 – 2.34 (m, 4H), 2.29 – 

2.27 (m, 1H), 2.10 – 2.05 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 157.9, 143.4, 142.6, 

140.0, 133.8, 133.3, 132.6, 130.2, 129.8, 129.3, 129.3, 128.1, 127.5, 127.3, 126.2, 113.6, 

59.6, 59.4, 55.2, 48.0, 30.5, 27.1, 21.5; IR (neat): 2923, 1733, 1654, 1595, 1456, 1256, 

1180, 1090, 700, 664, 583, 541; HRESIMS Calcd for [C27H27NNaO3S]+ [M + Na+] 

468.1604, found 468.1602. 

 

3b-(4-methoxyphenyl)-2-tosyl-3b,3c,4,4a,7a,8,9,10-octahydro-7H-4,8-

ethenoisobenzofuro[5',6':2,3]cyclopropa[1,2-e]isoindole-5,7(2H)-dione(5c) 

 

Compound 5c was prepared in 91% yield (dr > 20:1) according to the known procedure 

(0.1 mmol scale, 49.3 mg).3 Pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.64 – 7.53 (d, 

J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.91 – 6.65 (m, 5H), 6.02 (s, 1H), 5.42 – 5.22 

(m, 2H), 3.81 (s, 3H), 3.62 – 3.60 (m, 2H), 3.40 – 3.38 (m, 1H), 3.21 – 3.18 (m, 1H), 2.65 

– 2.63 (m, 1H), 2.39 (s, 3H), 2.30 – 2.17 (m, 1H), 2.09 – 2.06 (m, 2H), 1.65 – 1.63 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 172.3, 171.7, 157.8, 144.6, 136.1, 133.3, 133.1, 

131.0, 130.0, 129.8, 126.7, 122.1, 117.9, 115.7, 114.6, 113.6, 55.2, 45.5, 44.6, 38.8, 33.9, 

32.5, 31.7, 29.5, 23.7, 21.6, 19.7; IR (neat): 2954, 2343, 1791, 1660, 1507, 1169, 1062, 

932, 816, 702, 668; HRESIMS Calcd for [C31H27NNaO6S]+ [M + Na+] 564.1451, found 

564.1452. 

 



 

 

3b-(4-methoxyphenyl)-8-phenyl-3b,3c,8,9-tetrahydro-2H-benzo[2,3]cyclopropa[1,2-

e]isoindole (5d) 

 

Compound 5d was prepared in 83% yield (60.4 mg) according to the known procedure 

(0.2 mmol scale).1 Yellow solid. M.p = 160.8 – 162.5 oC. 1H NMR (500 MHz, CDCl3) δ 

7.81 (s, 1H), 7.33 – 7.29 (m, 2H), 7.29 – 7.24 (m, 3H), 7.20 – 7.11 (m, 2H), 6.70 – 6.67 

(m, 2H), 6.50 (s, 1H), 6.35 – 6.29 (m, 1H), 6.11 – 6.05 (m, 1H), 5.95 – 5.85 (m, 1H), 5.82 

– 5.70 (m, 2H), 3.83 – 3.75 (m, 2H), 3.74 (s, 3H), 2.89 (dd, J = 15.5, 5.0 Hz, 1H), 2.65 – 

2.49 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 157.2, 145.8, 133.0, 131.4, 128.3, 128.2, 

127.7, 126.2, 125.1, 125.0, 124.2, 116.9, 115.3, 112.9, 112.2, 77.9, 68.8, 55.0, 47.5, 30.5, 

30.1; IR (neat): 3357, 3337, 1612, 1511, 1246, 1060, 1034, 786, 768, 699, 531; HRMS 

(ESI/QTOF) m/z: [M + Na]+ Calcd for C26H22NNaOS+ 387.1594; Found 387.1593. 

 

3b-(4-methoxyphenyl)-8-phenyl-2-tosyl-2,3,3b,3c,8,9-hexahydro-1H-

benzo[2,3]cyclopropa[1,2-e]isoindole (5e) 

 

Compound 5e was prepared in 73% yield (76.1 mg) according to the known procedure 

(0.2 mmol scale).2 Yellow solid. M.p = 61.2 – 62.2 oC. 1H NMR (500 MHz, CDCl3) δ 7.66 

(d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.18 – 7.14 (m, 3H), 7.10 – 7.06 (m, 2H), 

7.01 – 6.96 (m, 3H), 6.87 – 6.83 (m, 1H), 6.74 – 6.70 (m, 2H), 6.67 – 6.63 (m, 2H), 4.93 

(s, 1H), 4.56 (dd, J = 9.0, 3.0 Hz, 1H), 4.26 – 4.18 (m, 1H), 4.09 (d, J = 11 Hz, 2H), 3.82 – 

3.73 (m, 4H), 2.87 – 2.75 (m, 1H), 2.59 (d, J = 18.0 Hz, 1H), 2.44 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 158.0, 143.4, 143.1, 142.2, 141.1, 133.7, 131.0, 130.9, 130.2, 130.1, 

129.7, 129.6, 129.2, 128.3, 127.8, 127.5, 126.8, 126.4, 126.3, 113.6, 60.1, 59.3, 55.2, 47.9, 

46.2, 31.0, 21.5; IR (neat): 2925, 1609, 1509, 1344, 1253, 1163, 1098, 1033, 815, 736, 

671; HRMS (ESI/QTOF) m/z: [M + Na]+ Calcd for C33H31NNaO3S
+ 544.1917; Found 

544.1916.  



 

 

5. Crystal Data 

Crystal data and structure refinement for 4a. CCDC Number = 2410274 

ORTEP drawing of 4a (thermal ellipsoids set at 50% probability). Recrystallization from 

n-hexane/DCM afforded single crystals suitable for X-ray diffraction analysis. 
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6. HPLC Chromatograms 

ent-2a: IC, n-hexane/2-propanol = 94/6, v = 1.0 mL·min-1, λ = 220 nm 

 

 
 



 

 

ent-4a: IC, n-hexane/2-propanol = 90/10, v = 1.0 mL·min-1, λ = 254 nm 
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