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1. General Information 

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

grade) and toluene (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 and 13C NMR spectra were recorded on a Bruker AV-400 

spectrometer or a Bruker AV-500 or a Bruker AV-600 spectrometer in chloroform-d3. 

For 1H NMR spectra, chemical shifts are reported in ppm with the internal TMS signal 

at 0.0 ppm as a standard. For 13C NMR spectra, chemical shifts are reported in ppm 

with the internal chloroform signal at 77.0 ppm as a standard. The data is being reported 

as (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or unresolved, coupling 

constant(s) in Hz, integration). 

Enantiomeric excesses (ee) were determined by an UltiMate 3000 chiral HPLC. The 

chiral columns used for the determination of enantiomeric excesses by chiral HPLC 

were Chiralpak columns (IA, IB, IC, IE, IG, AD-H). The particle size is 5 μm and 

dimensions is 4.6 mm I.D * 250 mm L. 

  



 

2. More Reaction Conditions, Scope and Mechanism Studies 

Table S1. Optimization of reaction conditions for asymmetric Büchner reaction of N-

propargyl ynamide 1a.a 

  



 

Table S2. Optimization of reaction conditions for asymmetric arene cyclopropanation 

reaction of N-propargyl ynamide 3a.a  

 



 

 

Fig. S1. The use of diyne 1i possessing a meta-fluoro-substituent at the biaryl moiety 

led to the desired Büchner reaction product 2i (50%, 98% ee) and arene 

cyclopropanation product 2i (49%, 98% ee), respectively. 

 

 

Fig. S2. Control experiments showed that the conversion of seven-membered Büchner 

cyclization product 2i into arene cyclopropanation product 2i was very slowly (<5%, 

48 h) under the standard reaction conditions, while the conversion of 2i into 2i was 

relatively fast (41%, 48 h) under the standard conditions, and the enantioselectivity 

was almost maintained during this process. In particular, the formation of the 

corresponding regioisomers of 2i and 2i could be observed in this meta-fluoro-

substituted diyne substrate probably due to the above process. 

 



 

 

Fig. S3. Our attempts to extend the reaction to diynes with non-electron-rich groups 

1ac and 1ad only led to low enantioselectivities (<10% ee). 

 

Fig. S4. Our attempts to extend the reaction to Cy-substituted diyne 1ae failed to 

obtain the corresponding Büchner product, and instead a hydroarylation product was 

isolated in 69% yield. 

 

Fig. S5. The reaction proceeded smoothly with the heteroatomic diynes 1af–1ag and 

the alkyl-linked aryl diynes 1ah–1ai, but only gave the desired cycloheptatrienes 2af–

2ai with moderate enantioselectivities (40–53% ees) under the optimized conditions. 



 

 

Fig. S6. Attempts to extend the reaction to the cyclopropyl-linked aryl diyne 1aj only 

led to the formation of the corresponding cyclopropane 4aj in 38% yield with 20% ee. 

 

Fig. S7. Our attempts to extend the reaction to the 1-naphthyl diyne 3aa only led to 

the corresponding cyclopropane product 4aa with moderate enantioselectivity (64% 

ee). 

 

Fig. S8. The reaction of PMP-substituted 2-naphthyl diyne 3ab only led to a mixture 

of cyclopropanation product 4ab (49%, 66% ee) and Büchner product 4ab (46%, 

95% ee). Of note, 4ab could not be further converted into 4ab. 



 

 

Fig. S9. The use of the alkyl-linked naphthyl-diyne 3ae only led to the desired 

benzonorcaradiene 4ae (90%) with 42% ee under the optimized reaction conditions. 

 

 

  



 

3. Preparation of Starting Materials 

3.1. General Procedure S1 for Synthesis of N-propargyl Ynamides 1 and 31 

 

To a solution of substituted bromobenzene (10 mmol) in toluene (40 mL), EtOH (20 

mL) and H2O (20 mL) were added substituted 2-formylbenzeneboronic acid (11 mmol), 

Na2CO3 (20 mmol, 2.12 g) and Pd(PPh3)4 (0.05 mmol, 57.8 mg) at room temperature. 

The reaction mixture was stirred at 80 °C for 12 h. Upon completion (monitored by 

TLC), the reaction was filtered, extracted with ethyl acetate for three times, dried over 

MgSO4 and filtered. The filtrate was concentrated under reduced pressure and purified 

by column chromatography on silica gel (eluent: PE/EtOAc) to afford the desired biaryl 

aldehyde (65–98% yield). 

Corey-Fuchs reaction was applied in the next step as follows: To a solution of PPh3 (26 

mmol, 6.82 g) in DCM (20 mL) was added CBr4 (13 mmol, 3.98 g) carefully at 0 °C, 

and the reaction was stirred at this temperature for 0.5 h. Then the solution of the above 

biaryl aldehyde (6.5 mmol) in DCM (10 mL) was added slowly at 0 °C. The reaction 

was warmed to room temperature and stirred for additional 0.5 h. Upon completion 

(monitored by TLC), the reaction mixture was diluted with petroleum ether (150 mL), 

filtered through a Celite pad, and washed with petroleum ether for three times. The 

filtrate was concentrated under reduced pressure and directly used in the next step 



 

without further purification. To a solution of dibromide derivative (6.5 mmol) in DCM 

(20 mL) was added DBU (13 mmol, 2 mL) and the reaction was stirred at room 

temperature for 30 min. Upon completion (monitored by TLC), the reaction mixture 

was diluted with water, extracted with ethyl acetate for three times, dried over MgSO4, 

and filtered. The filtrate was concentrated under reduced pressure and purified by 

column chromatography on silica gel (eluent: PE) to afford the alkynyl bromide (70%–

91% yield, two steps). 

To a solution of the above alkynyl bromide (1 mmol) in toluene (5 mL) were added 

copper bromide (0.5 mmol, 72.0 mg), DMEDA (1 mmol, 100.0 mg), K3PO4 (4 mmol, 

0.85 g), and protected propargylamide derivative (1 mmol)1. The reaction was stirred 

at 50 °C for 3 h. Upon completion (monitored by TLC), the solution was filtered and 

concentrated under reduced pressure. The residue was purified by chromatography on 

silica gel (eluent: PE/EtOAc) to give the desired ynamide 1 or 3 (75–90% yield). 

 

3.2. General Procedure S2 for Synthesis of N-propargyl Ynamides 1ab, 1ac, 1ah-

1aj, 3z and 3ae  

 

To a solution of 2-bromo-1-cyclohexene-1-carboxaldehyde (10 mmol) in THF (20 mL) 

and H2O (10 mL) were added boronic acid derivative (11 mmol), K3PO4 (12 mmol, 

2.54 g), and Pd(OAc)2 (0.2 mmol, 4.5 mg) at room temperature and the reaction mixture 



 

was stirred at room temperature for 6 h. Upon completion (monitored by TLC), the 

reaction was diluted with water (40 mL), extracted with ethyl acetate for three times, 

dried over MgSO4 and filtered. The filtrate was concentrated under reduced pressure 

and purified by column chromatography on silica gel (eluent: PE/EtOAc) to afford the 

desired aldehyde (58–66% yield). 

To a solution of above product (6 mmol) in MeOH (20 mL) were added K3PO4 (7.3 

mmol, 1.69 g) and Ohira-Bestmann reagent (7 mmol, 1.4 mL). The mixture was stirred 

at room temperature for 3 h. Upon completion (monitored by TLC), the reaction was 

filtered through a Celite pad, extracted with EtOAc for three times, dried over MgSO4 

and filtered. The resulting mixture was concentrated under reduced pressure to give 

crude alkyne without further purification. To a solution of the above alkyne in acetone 

(20 mL) were added NBS (6.6 mmol, 2.33 g) and AgNO3 (0.3 mmol, 0.11 g) at 0 ºC 

and stirred at room temperature for 1 h. Upon completion (monitored by TLC), the 

reaction mixture was filtered through a Celite pad and concentrated under reduced 

pressure. The residue was purified by column chromatography on silica gel (eluent: PE) 

to afford the desired alkynyl bromide (52–65% yield, 2 steps). 

To a solution of the above alkynyl bromide (1 mmol) in toluene (5 mL) were added 

copper bromide (0.5 mmol, 72.0 mg), DMEDA (1 mmol, 100.0 mg), K3PO4 (4 mmol, 

0.85 g), and protected propargylamide derivative (1 mmol).[1] The reaction was stirred 

at 50 °C for 3 h. Upon completion (monitored by TLC), the solution was then filtered 

and concentrated under reduced pressure. The residue was purified by chromatography 

on silica gel (eluent: PE/EtOAc) to give the desired ynamide 1 or 3 (66–80% yield).  

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)methanesulfonamide (1a) 



 

 

1a 

Compound 1a was prepared in 80% yield (406.0 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.5 Hz, 

1H), 7.50 – 7.44 (m, 4H), 7.36 – 7.24 (m, 5H), 6.60 (d, J = 9.0 Hz, 2H), 4.46 (s, 2H), 

2.97 (s, 3H), 2.95 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 150.5, 142.1, 139.3, 132.9, 

132.7, 131.1, 130.9, 129.0, 128.2, 127.3, 121.5, 120.6, 111.6, 107.9, 88.2, 84.7, 79.2, 

70.6, 43.1, 40.0, 38.5; IR (neat): 3055, 2927, 2214, 1606, 1539, 1521, 1361, 1266, 1160, 

945; HRESIMS Calcd for [C26H23BrN2NaO2S]+ (M + Na+) 529.0556, found 529.0537. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)-4-methylbenzenesulfonamide (1b) 

 

1b 

Compound 1b was prepared in 78% yield (455.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.0 Hz, 

2H), 7.51 (d, J = 7.6 Hz, 1H), 7.49 – 7.38 (m, 4H), 7.35 – 7.21 (m, 3H), 7.17 (d, J = 8.0 

Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.54 (d, J = 8.8 Hz, 2H), 4.45 (s, 2H), 2.94 (s, 6H), 



 

2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.3, 144.6, 141.8, 139.3, 134.5, 133.2, 

132.8, 131.1, 130.9, 129.5, 129.1, 128.0, 127.9, 127.3, 121.6, 121.0, 111.5, 108.6, 87.5, 

85.2, 78.9, 70.4, 43.1, 40.1, 21.6; IR (neat): 3090, 3053, 2221, 1601, 1549, 1516, 1456, 

1371, 1191, 1042; HRESIMS Calcd for [C32H27BrN2NaO2S]+ (M + Na+) 605.0869, 

found 605.0852. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)benzenesulfonamide (1c) 

 

1c 

Compound 1c was prepared in 85% yield (484.1 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.76 (d, J = 8.5 Hz, 2H), 7.58 – 

7.53 (m, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.46 – 7.34 (m, 6H), 7.35 – 7.24 (m, 3H), 7.04 

(d, J = 9.0 Hz, 2H), 6.54 (d, J = 9.0 Hz, 2H), 4.49 (s, 2H), 2.94 (s, 6H); 13C NMR (125 

MHz, CDCl3) δ 150.3, 141.8, 139.3, 137.3, 133.5, 133.2, 132.8, 131.1, 130.9, 129.2, 

128.8, 128.1, 127.9, 127.3, 121.6, 120.8, 111.5, 108.4, 87.6, 84.9, 78.8, 70.5, 43.1, 40.1; 

IR (neat): 3062, 2921, 2230, 1608, 1522, 1447, 1366, 1264, 1171, 1003; HRESIMS 

Calcd for [C31H25BrN2NaO2S]+ (M + Na+) 591.0712, found 591.0694. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)-4-methoxybenzenesulfonamide (1d) 



 

 

1d 

Compound 1d was prepared in 81% yield (485.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.9 Hz, 

2H), 7.55 – 7.40 (m, 5H), 7.37 – 7.19 (m, 3H), 7.04 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 

Hz, 2H), 6.54 (d, J = 9.2 Hz, 2H), 4.44 (s, 2H), 3.78 (s, 3H), 2.94 (s, 6H); 13C NMR 

(100 MHz, CDCl3) δ 163.6, 150.3, 141.7, 139.4, 133.1, 132.8, 131.1, 130.9, 130.2, 

129.1, 128.9, 128.0, 127.3, 121.5, 121.0, 114.0, 111.5, 108.6, 87.5, 85.4, 79.0, 70.4, 

55.6, 43.0, 40.1; IR (neat): 3053, 2925, 2807, 2230, 1607, 1578, 1475, 1312, 1227, 

1129, 1030; HRESIMS Calcd for [C32H27BrN2NaO3S]+ (M + Na+) 621.0818, found 

621.0805. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)-2,4,6-trimethylbenzenesulfonamide (1e) 

 

1e 

Compound 1e was prepared in 75% yield (458.7 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.44 – 7.36 (m, 5H), 7.29 – 7.21 



 

(m, 3H), 7.17 (d, J = 8.8 Hz, 2H), 6.93 (s, 2H), 6.57 (d, J = 9.2 Hz, 2H), 4.47 (s, 2H), 

2.94 (s, 6H), 2.61 (s, 6H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.3, 143.6, 

141.8, 140.9, 139.2, 133.0, 132.9, 132.0, 131.8, 130.9, 130.8, 129.0, 128.0, 127.2, 121.5, 

121.1, 111.6, 108.7, 87.0, 85.2, 79.4, 71.5, 41.5, 40.1, 23.1 21.0; IR (neat): 2982, 2857, 

2219, 1609, 1519, 1441, 1342, 1187, 1036, 911; HRESIMS Calcd for 

[C34H31BrN2NaO2S]+ (M + Na+) 633.1182, found 633.1177. 

 

4-bromo-N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)benzenesulfonamide (1f) 

 

1f 

Compound 1f was prepared in 81% yield (525.2 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.8Hz, 2H), 7.54 – 

7.48 (m, 3H), 7.47 – 7.42 (m, 4H), 7.37 – 7.25 (m, 3H), 6.99 (d, J = 8.8 Hz, 2H), 6.57 

(d, J = 8.8 Hz, 2H), 4.48 (s, 2H), 2.95 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 150.4, 

141.9, 139.3, 136.5, 133.0, 132.8, 132.1, 131.2, 130.9, 129.4, 129.2 128.9, 128.2, 127.3, 

121.7 120.7, 111.7 108.2 88.0, 84.7 78.5, 70.6, 43.3 40.1; IR (neat): 3059, 2858, 2231, 

1606, 1518, 1475, 1373, 1174, 1069, 944; HRESIMS Calcd for [C31H24Br2N2NaO2S]+ 

(M + Na+) 668.9817, found 668.9801. 

 

N-(3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-N-((4'-fluoro-[1,1'-biphenyl]-2-

yl)ethynyl)methanesulfonamide (1g) 



 

 

1g 

Compound 1g was prepared in 77% yield (343.8 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.44 (m, 3H), 

7.36 – 7.21 (m, 5H), 7.08 – 6.98 (m, 2H), 6.57 (d, J = 9.2 Hz, 2H), 4.44 (s, 2H), 2.98 

(s, 3H), 2.91 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 162.1 (d, J = 245 Hz), 150.4, 142.2, 

136.3 (d, J = 3.0 Hz), 132.8, 132.6, 130.8 (d, J = 8.0 Hz), 129.1, 128.1, 127.0, 120.6, 

114.8 (d, J = 21.0 Hz), 111.5, 107.8, 88.1, 84.4, 79.1, 70.7, 43.0, 39.9, 38.4; 19F NMR 

(376 MHz, CDCl3) δ -114.9 (s). IR (neat): 3042, 2927, 2233, 1608, 1480, 1360, 1265, 

1191, 1031, 967; HRESIMS Calcd for [C26H23FN2NaO2S]+ (M + Na+) 469.1356, found 

469.1343. 

 

N-((4'-chloro-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)methanesulfonamide (1h) 

 

1h 

Compound 1h was prepared in 89% yield (412.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56 – 7.50 (m, 3H), 



 

7.42 – 7.13 (m, 7H), 6.60 (d, J = 8.4 Hz, 2H), 4.46 (s, 2H), 2.98 (s, 3H), 2.95 (s, 6H); 

13C NMR (100 MHz, CDCl3) δ 150.5, 142.1, 138.9, 133.4, 132.9, 132.7, 130.6, 129.1, 

128.2, 128.1, 127.3, 120.7, 111.7, 108.0, 88.2, 84.7, 79.2, 70.7, 43.2, 40.0, 38.5; IR 

(neat): 2926, 2854, 2234, 1608, 1523, 1444, 1323, 1191, 1089, 964; HRESIMS Calcd 

for [C26H23ClN2NaO2S]+ (M + Na+) 485.1061, found 485.1040. 

 

N-(3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-N-((3'-fluoro-[1,1'-biphenyl]-2-

yl)ethynyl)methanesulfonamide (1i) 

 

1i 

Compound 1i was prepared in 75% yield (334.6 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.51 (m, 1H), 7.43 – 7.37 

(m, 1H), 7.36 – 7.33 (m, 2H), 7.32 – 7.26 (m, 3H), 7.25 – 7.21 (m, 2H), 7.02 – 6.95 (m, 

1H), 6.58 (d, J = 8.8 Hz, 2H), 4.46 (s, 2H), 3.01 (s, 3H), 2.94 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 162.4 (d, J = 244.0 Hz), 150.4, 142.6 (d, J = 8.0 Hz), 142.0 (d, J = 2.0 

Hz), 132.9, 132.7, 129.5 (d, J = 8.0 Hz), 129.2, 128.2, 127.5, 125.1 (d, J = 3.0 Hz), 

120.8, 116.0 (d, J = 21.0 Hz), 114.2 (d, J = 21.0 Hz), 111.6, 108.0, 88.1, 84.7, 79.1, 

70.5, 43.2, 40.0, 38.6; 19F NMR (376 MHz, CDCl3) δ -111.9 – -116.3 (m); IR (neat): 

3014, 2236, 1607, 1524, 1446, 1362, 1261, 1160, 1035, 966; HRESIMS Calcd for 

[C26H23FKN2O2S]+ (M + K+) 485.1096, found 485.1094. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(pyrrolidin-1-yl)phenyl)prop-

2-yn-1-yl)methanesulfonamide (1j) 



 

 

1j 

Compound 1j was prepared in 80% yield (421.4 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.5 Hz, 1H), 7.51 – 

7.40 (m, 4H), 7.38 – 7.26 (m, 5H), 6.45 (d, J = 8.5 Hz, 2H), 4.47 (s, 2H), 3.34 – 3.16 

(m, 4H), 2.98 (s, 3H), 2.06 – 1.91 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 148.0, 142.1, 

139.4, 133.0, 132.7, 131.1, 130.9, 129.1, 128.2, 127.3, 121.6, 120.7, 111.3, 107.0, 88.5, 

84.8, 79.0, 70.6, 47.4, 43.3, 38.5, 25.4; IR (neat): 3053, 2923, 2231, 1622, 1516, 1488, 

1394, 1263, 1165, 1031; HRESIMS Calcd for [C28H25BrN2NaO2S]+ (M + Na+) 

555.0712, found 555.0697. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(dibenzylamino)phenyl)prop-

2-yn-1-yl)methanesulfonamide (1k) 

 

1k 

Compound 1k was prepared in 76% yield (500.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.0 Hz, 



 

1H), 7.50 – 7.40 (m, 4H), 7.35 – 7.28 (m, 6H), 7.28 – 7.21 (m, 2H), 7.22 – 7.14 (m, 

7H), 6.63 (d, J = 8.8 Hz, 2H), 4.65 (s, 4H), 4.43 (s, 2H), 2.95 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 149.4, 142.1, 139.3, 137.6, 133.1, 132.8, 131.1, 130.9, 129.1, 128.7, 

128.3, 127.3, 127.1, 126.4, 121.6, 120.6, 112.0, 108.7, 87.9, 84.6, 79.3, 70.6, 54.1, 43.1, 

38.5; IR (neat): 3053, 2850, 2231, 1646, 1506, 1472, 1338, 1263, 1127, 1002; 

HRESIMS Calcd for [C38H31BrN2NaO2S]+ (M + Na+) 681.1182, found 681.1159. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (1l) 

 

1l 

Compound 1l was prepared in 78% yield (385.6 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.6 Hz, 1H), 7.52 – 

7.43 (m, 4H), 7.38 – 7.26 (m, 5H), 6.84 (d, J = 8.8 Hz, 2H), 4.46 (s, 2H), 3.78 (s, 3H), 

2.98 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.1, 142.1, 139.3, 133.2, 132.7, 131.0, 

130.8, 129.0, 128.3, 127.3, 121.5, 120.5, 114.0, 113.5, 86.8, 84.4, 80.1, 70.7, 55.2, 42.8, 

38.4; IR (neat): 3048, 2931, 2230, 1647, 1506, 1472, 1362, 1254, 1092, 960; HRESIMS 

Calcd for [C25H20BrNNaO3S]+ (M + Na+) 516.0239, found 516.0220. 

 

N-(3-(4-(benzyloxy)phenyl)prop-2-yn-1-yl)-N-((4'-bromo-[1,1'-biphenyl]-2-

yl)ethynyl)methanesulfonamide (1m) 



 

 

1m 

Compound 1m was prepared in 80% yield (456.4 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.5 Hz, 

1H), 7.49 – 7.44 (m, 4H), 7.42 – 7.28 (m, 10H), 6.91 (d, J = 9.0 Hz, 2H), 5.05 (s, 2H), 

4.45 (s, 2H), 2.97 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.3, 142.2, 139.3, 136.3, 

133.3, 132.7, 131.1, 130.9, 129.1, 128.6, 128.3, 128.1, 127.4, 121.6, 120.6, 115.0, 113.8, 

86.9, 84.5, 80.2, 70.8, 70.0, 42.8, 38.5; IR (neat): 3033, 2929, 2234, 1603, 1505, 1455, 

1367, 1252, 1165, 1003; HRESIMS Calcd for [C31H24BrKNO3S]+ (M + K+) 608.0292, 

found 608.0276. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(p-tolyl)prop-2-yn-1-

yl)methanesulfonamide (1n) 

 

1n 

Compound 1n was prepared in 90% yield (430.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.6 Hz, 

1H), 7.50 – 7.42 (m, 4H), 7.38 – 7.26 (m, 5H), 7.12 (d, J = 8.0 Hz, 2H), 4.46 (s, 2H), 



 

2.98 (s, 3H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.1, 139.3(1), 139.2(9), 

132.7, 131.6, 131.1, 130.9, 129.2, 129.1, 128.3, 127.4, 121.6, 120.5, 118.4, 87.0, 84.4, 

80.8, 70.8, 42.7, 38.4, 21.4; IR (neat): 3058, 2977, 2236, 1608, 1508, 1410, 1361, 1265, 

1166, 1014; HRESIMS Calcd for [C25H20BrNNaO2S]+ (M + Na+) 500.0290, found 

500.0278. 

 

N-(3-([1,1'-biphenyl]-4-yl)prop-2-yn-1-yl)-N-((4'-bromo-[1,1'-biphenyl]-2-

yl)ethynyl)methanesulfonamide (1o) 

 

1o 

Compound 1o was prepared in 82% yield (443.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.52 (m, 5H), 

7.51 – 7.40 (m, 8H), 7.39 – 7.27 (m, 4H), 4.50 (s, 2H), 3.00 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 142.2, 141.8, 140.0, 139.3, 132.7, 132.2, 131.1, 130.9, 129.1, 128.9, 

128.4, 127.8, 127.4, 127.1, 127.0, 121.6, 120.5, 120.3, 86.8, 84.3, 82.1, 70.9, 42.7, 38.5; 

IR (neat): 3059, 2928, 2234, 1599, 1519, 1487, 1361, 1265, 1129, 1003; HRESIMS 

Calcd for [C24H18BrKNO2S]+ (M + K+) 501.9873, found 501.9850 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-(methylthio)phenyl)prop-2-

yn-1-yl)methanesulfonamide (1p) 



 

 

1p 

Compound 1p was prepared in 88% yield (449.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 7.6 Hz, 

1H), 7.50 – 7.42 (m, 4H), 7.38 – 7.24 (m, 5H), 7.15 (d, J = 8.4 Hz, 2H), 4.46 (s, 2H), 

2.97 (s, 3H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.0, 140.5, 139.2, 132.6, 

131.9, 131.0, 130.8, 129.0, 128.3, 127.3, 125.6, 121.5, 120.4, 117.4, 86.6, 84.3, 81.4, 

70.8, 42.6, 38.4, 15.0; IR (neat): 3066, 2918, 2242, 1590, 1455, 1361, 1268, 1185, 1045, 

943; HRESIMS Calcd for [C25H20BrNNaO2S2]
+ (M + Na+) 532.0011, found 532.0002. 

 

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

yl)ethynyl)methanesulfonamide (1q) 

 

1q 

Compound 1q was prepared in 83% yield (421.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.6 Hz, 

1H), 7.51 – 7.43 (m, 4H), 7.38 – 7.27 (m, 3H), 6.91 (dd, J = 8.0, 1.6 Hz, 1H), 6.80 (d, 

J = 1.2 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 5.96 (s, 2H), 4.45 (s, 2H), 2.97 (s, 3H); 13C 



 

NMR (100 MHz, CDCl3) δ 148.5, 147.5, 142.1, 139.3, 132.7, 131.1, 130.9, 129.1, 128.3, 

127.4, 126.6, 121.6, 120.5, 114.6, 111.6, 108.5, 101.4, 86.8, 84.3, 79.8, 70.8, 42.7, 38.4; 

IR (neat): 3059, 2926, 2231, 1602, 1502, 1442, 1363, 1249, 1168, 1031; HRESIMS 

Calcd for [C25H18BrNNaO4S]+ (M + Na+) 530.0032, found 530.0016. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(3,4-dimethoxyphenyl)prop-2-

yn-1-yl)methanesulfonamide (1r) 

 

1r 

Compound 1r was prepared in 89% yield (451.1 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.6 Hz, 1H), 7.50 – 

7.42 (m, 4H), 7.38 – 7.28 (m, 3H), 7.01 (dd, J = 8.4, 2.0 Hz, 1H), 6.90 (d, J = 1.6 Hz, 

1H), 6.80 (d, J = 8.4 Hz, 1H), 4.48 (s, 2H), 3.88 (s, 3H), 3.84 (s, 3H), 2.98 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 150.0, 148.6, 142.1, 139.2, 132.6, 131.0, 130.8, 129.0, 128.3, 

127.3, 125.2, 121.5, 120.5, 114.2, 113.6, 111.0, 87.0, 84.4, 80.0, 70.8, 55.8, 42.7, 38.4; 

IR (neat): 3059, 2933, 2232, 1599, 1474, 1324, 1210, 1137, 1026, 964; HRESIMS 

Calcd for [C26H22BrNNaO4S]+ (M + Na+) 546.0345, found 546.0304. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(thiophen-2-yl)prop-2-yn-1-

yl)methanesulfonamide (1s) 



 

 

1s 

Compound 1s was prepared in 91% yield (428.1 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.5 Hz, 1H), 7.51 – 

7.42 (m, 4H), 7.37 – 7.26 (m, 4H), 7.25 – 7.19 (m, 1H), 6.97 (dd, J = 5.0, 4.0 Hz, 1H), 

4.48 (s, 2H), 2.95 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 142.2, 139.3, 133.1, 132.7, 

131.1, 130.9, 129.1, 128.4, 128.1, 127.4, 127.1, 121.6, 121.2, 120.4, 85.5, 84.2, 80.2, 

71.0, 42.8, 38.4; IR (neat): 3107, 3022, 2229, 1587, 1424, 1362, 1265, 1129, 1031, 963; 

HRESIMS Calcd for [C22H16BrNNaO2S2]
+ (M + Na+) 491.9698, found 491.9683. 

 

N-((4'-bromo-5-fluoro-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1t) 

 

1t 

Compound 1t was prepared in 83% yield (425.6 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.39 (m, 5H), 7.32 – 7.19 

(m, 2H), 7.10 – 6.93 (m, 2H), 6.61 (d, J = 8.4 Hz, 2H), 4.46 (s, 2H), 2.98 (s, 3H), 2.96 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 162.2 (d, J = 249.0 Hz), 150.5, 144.5 (d, J = 

8.0 Hz), 138.2, 134.8 (d, J = 9.0 Hz), 132.9, 131.3, 130.7, 122.2, 116.7 (d, J = 3.0 Hz), 

116.1 (d, J = 23.0 Hz), 114.6 (d, J = 22.0 Hz), 111.7, 107.9, 88.2, 84.2, 79.2, 69.6, 43.1, 



 

40.0, 38.5; 19F NMR (376 MHz, CDCl3) δ -113.4 – -113.8 (m); IR (neat): 3043, 2811, 

2238, 1607, 1521, 1416, 1362, 1259, 1163, 1009; HRESIMS Calcd for 

[C24H17BrFNNaO2S]+ (M + Na+) 547.0462, found 547.0444. 

 

N-((4'-bromo-5-chloro-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1u) 

 

1u 

Compound 1u was prepared in 92% yield (499.0 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.52 – 7.40 (m, 5H), 

7.32 (d, J = 2.0 Hz, 1H), 7.30 – 7.21 (m, 3H), 6.60 (d, J = 8.8 Hz, 2H), 4.46 (s, 2H), 

2.98 (s, 3H), 2.96 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 150.5, 143.5, 138.0, 133.9, 

133.8, 132.9, 131.3, 130.7, 129.0, 127.5, 122.1, 119.2, 111.6, 107.8, 88.3, 85.5, 79.1, 

69.8, 43.1, 40.0, 38.6; IR (neat): 2924, 2808, 2239, 1608, 1520, 1475, 1368, 1265, 1107, 

1008; HRESIMS Calcd for [C26H22BrClN2NaO2S]+ (M + Na+) 563.0166, found 

563.0159. 

 

N-((4'-bromo-5-methoxy-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1v) 



 

 

1v 

Compound 1v was prepared in 80% yield (430.0 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.58 – 7.36 (m, 5H), 

7.26 (d, J = 8.8 Hz, 2H), 6.89 – 6.76 (m, 2H), 6.60 (d, J = 8.8 Hz, 2H), 4.45 (s, 2H), 

3.81 (s, 3H), 2.95 (s, 6H), 2.95 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.6, 150.5, 

144.2, 139.3, 134.8, 132.9, 131.0, 130.8, 121.6, 114.7, 113.1, 112.6, 111.7, 108.0, 88.0, 

83.0, 79.3, 70.2, 55.3, 43.2, 40.0, 38.3; IR (neat): 3009, 2837, 2213, 1607, 1557, 1446, 

1361, 1266, 1159, 1033 ; HRESIMS Calcd for [C27H25BrKN2O3S]+ (M + K+) 575.0401, 

found 575.0389. 

 

N-((4'-bromo-4-chloro-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1w) 

 

1w 

Compound 1w was prepared in 78% yield (422.7 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.33 (m, 5H), 

7.34 – 7.18 (m, 4H), 6.60 (d, J = 8.8 Hz, 2H), 4.47 (s, 2H), 2.99 (s, 3H), 2.96 (s, 6H); 

13C NMR (100 MHz, CDCl3) δ 150.5, 140.3, 138.2, 133.2, 132.9, 132.0, 131.2, 130.7, 



 

130.2, 128.3, 122.4, 121.9, 111.7, 107.8, 88.4, 85.8, 79.0, 69.8, 43.1, 40.0, 38.7; IR 

(neat): 3048, 2927, 2237, 1607, 1522, 1445, 1357, 1227, 1166, 963; HRESIMS Calcd 

for [C26H22BrClN2NaO2S]+ (M + Na+) 563.0166, found 563.0150. 

 

N-((4'-bromo-4-methyl-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1x) 

 

1x 

Compound 1x was prepared in 77% yield (401.5 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.51 – 7.40 (m, 4H), 

7.36 (s, 1H), 7.27 (d, J = 9.2 Hz, 2H), 7.23 – 7.21 (m, 1H), 7.15 (dd, J = 8.0, 1.2 Hz, 

1H), 6.60 (d, J = 9.2 Hz, 2H), 4.46 (s, 2H), 2.99 (s, 3H), 2.95 (s, 6H), 2.34 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 150.5, 139.3, 139.2, 137.2, 133.2, 132.9, 131.0, 130.8, 129.2, 

128.9, 121.3, 120.3, 111.6, 107.9, 88.2, 84.3, 79.2, 70.8, 43.1, 40.0, 38.4, 20.8; IR (neat): 

3023, 2860, 2236, 1608, 1525, 1446, 1362, 1266, 1161, 1037; HRESIMS Calcd for 

[C27H25BrN2NaO2S]+ (M + Na+) 543.0712, found 543.0452. 

 

N-((4'-bromo-4-methoxy-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1y) 



 

 

1y 

Compound 1y was prepared in 95% yield (510.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.50 – 7.42 (m, 4H), 

7.30 – 7.17 (m, 3H), 7.04 (d, J = 2.4 Hz, 1H), 6.90 (dd, J = 8.8, 2.4 Hz, 1H), 6.59 (d, J 

= 8.8 Hz, 2H), 4.47 (s, 2H), 3.79 (s, 3H), 2.99 (s, 3H), 2.95 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 158.6, 150.5, 139.1, 134.8, 132.9, 131.0, 130.8, 130.2, 121.5, 121.0, 

116.8, 115.1, 111.6, 107.9, 88.2, 84.4, 79.2, 70.8, 55.4, 43.1, 40.0, 38.5; IR (neat): 3050, 

2989, 2245, 1609, 1525, 1429, 1303, 1225, 1168, 1013; HRESIMS Calcd for 

[C27H25BrN2NaO3S]+ (M + Na+) 559.0661, found 559.0649. 

 

N-([1,1'-biphenyl]-2-ylethynyl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)methanesulfonamide (1z) 

 

1z 

Compound 1z was prepared in 93% yield (386.4 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 6.8 Hz, 2H), 7.56 – 

7.50 (m, 1H), 7.39 – 7.25 (m, 8H), 6.82 (d, J = 8.8 Hz, 2H), 4.43 (s, 2H), 3.76 (s, 3H), 

2.92 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.0, 143.5, 140.4, 133.2, 132.5, 129.3, 



 

129.1, 128.2, 127.9, 127.2, 127.0, 120.6, 113.9, 113.6, 86.7, 84.0, 80.2, 71.0, 55.2, 42.8, 

38.4; IR (neat): 3050, 2916, 2244, 1609, 1525, 1416, 1303, 1225, 1168, 1013; 

HRESIMS Calcd for [C25H21KNO3S]+ (M + K+) 454.0874, found 454.0885. 

 

N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-N-((4'-methyl-[1,1'-biphenyl]-2-

yl)ethynyl)methanesulfonamide (1aa) 

 

1aa 

Compound 1aa was prepared in 86% yield (369.4 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.48 (m, 3H), 

7.39 – 7.29 (m, 4H), 7.28 – 7.23 (m, 1H), 7.16 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 8.8 Hz, 

2H), 4.45 (s, 2H), 3.77 (s, 3H), 2.95 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 160.0, 143.4, 137.5, 137.0, 133.3, 132.6, 129.2, 129.0, 128.6, 128.2, 126.7, 120.5, 

114.0, 113.6, 86.7, 83.9, 80.2, 71.2, 55.2, 42.8, 38.3, 21.0; IR (neat): 3022, 2839, 2234, 

1606, 1509, 1481, 1363, 1250, 1128, 963; HRESIMS Calcd for [C26H23NNaO3S]+ (M 

+ Na+) 452.1291, found 452.1279. 

 

N-((4'-bromo-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1ab) 

 



 

 

1ab 

Compound 1ab was prepared in 80% yield (383.6 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.45 – 7.30 (m, 4H), 

7.30 – 7.21 (m, 2H), 6.62 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 2.98 (s, 6H), 2.89 (s, 3H), 

2.44 – 2.25 (m, 4H), 1.83 – 1.64 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 150.5, 142.0, 

141.6, 132.9, 130.9, 129.6, 120.6, 116.4, 111.7, 108.2, 87.9, 83.4, 79.4, 72.5, 43.2, 40.1, 

38.0, 30.9, 30.6, 22.5, 22.2; IR (neat): 3045, 2860, 2213, 1604, 1521, 1446, 1373, 1226, 

1133, 1053; HRESIMS Calcd for [C26H27BrN2NaO2S]+ (M + Na+) 533.0869, found 

533.0861. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-phenylprop-2-yn-1-

yl)methanesulfonamide (1ac) 

 

1ac 

Compound 1ac was prepared in 84% yield (390.0 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57 – 7.52 (m, 1H), 

7.49 – 7.43 (m, 4H), 7.41 – 7.26 (m, 8H), 4.47 (s, 2H), 2.98 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 142.1, 139.3, 132.7, 131.7, 131.1, 130.8, 129.1, 129.0, 128.4, 128.3, 



 

127.4, 121.6, 121.5, 120.5, 86.8, 84.3, 81.4, 70.8, 42.6, 38.5; IR (neat): 3059, 2928, 

2234, 1599, 1519, 1487, 1361, 1265, 1129, 1003; IR (neat): 3060, 3022, 2235, 1597, 

1490, 1410, 1363, 1264, 1166, 1038; HRESIMS Calcd for [C24H18BrKNO2S]+ (M + 

K+) 501.9873, found 501.9892. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-(4-chlorophenyl)prop-2-yn-1-

yl)methanesulfonamide (1ad) 

 

1ad 

Compound 1ad was prepared in 89% yield (443.9 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.2 Hz, 

1H), 7.55 – 7.47 (m, 4H), 7.42 – 7.36 (m, 3H), 7.35 – 7.28 (m, 4H), 4.52 (s, 2H), 3.03 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.1, 139.3, 135.1, 132.9, 132.7, 131.1, 130.8, 

129.1, 128.8, 128.4, 127.4, 121.6, 120.4, 119.9, 85.6, 84.1, 82.5, 71.0, 42.5, 38.5; IR 

(neat): 3058, 2928, 2236, 1593, 1475, 1410, 1323, 1129, 1040, 920; HRESIMS Calcd 

for [C24H17BrClNNaO2S]+ (M + Na+) 519.9744, found 519.9750. 

 

N-((4'-bromo-[1,1'-biphenyl]-2-yl)ethynyl)-N-(3-cyclohexylprop-2-yn-1-

yl)methanesulfonamide (1ae) 



 

 

1ae 

Compound 1ae was prepared in 87% yield (408.0 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.52 (d, 

J = 9.5 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 7.35 – 7.30 (m, 2H), 7.30 – 7.25 (m, 1H), 

4.22 (s, 2H), 2.95 (s, 3H), 2.44 – 2.19 (m, 1H), 1.78 – 1.68 (m, 2H), 1.68 – 1.56 (m, 

2H), 1.53 – 1.42 (m, 1H), 1.40 – 1.29 (m, 2H), 1.30 – 1.19 (m, 3H). 13C NMR (125 

MHz, CDCl3) δ 141.7, 139.2, 132.5, 130.9, 130.7, 128.9, 128.1, 127.2, 121.4, 120.5, 

91.8, 84.5, 72.3, 70.4, 42.2, 38.3, 32.2, 28.7, 25.5, 24.5. IR (neat): 2927, 2853, 2235, 

1588, 1471, 1360, 1299, 1162, 1072, 967; HRESIMS Calcd for [C24H24BrKNO2S]+ (M 

+ K+) 508.0343, found 508.0347. 

 

N-((3-(4-bromophenyl)furan-2-yl)ethynyl)-N-(3-(4-(dimethylamino)phenyl)prop-

2-yn-1-yl)methanesulfonamide (1af) 

 

1af 

Compound 1af was prepared in 60% yield (298.4) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.8 Hz, 2H), 7.43 (d, 

J = 2.0 Hz, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 9.2 Hz, 2H), 6.66 (d, J = 2.0 Hz, 



 

1H), 6.62 (d, J = 8.8 Hz, 2H), 4.62 (s, 2H), 3.25 (s, 3H), 2.99 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 150.7, 144.3, 133.1, 132.3, 131.8, 130.8, 130.4, 128.4, 121.5, 111.8, 

110.4, 107.8, 88.9, 88.7, 79.1, 62.8, 43.6, 40.1, 39.3; IR (neat): 2924, 2853, 2215, 1608, 

1522, 1490, 1362, 1166, 1111, 1034; HRESIMS Calcd for [C24H21BrKN2O3S]+ (M + 

K+) 535.0088, found 535.0083. 

 

N-((3-(4-bromophenyl)thiophen-2-yl)ethynyl)-N-(3-(4-

(dimethylamino)phenyl)prop-2-yn-1-yl)methanesulfonamide (1ag) 

 

1ag 

Compound 1ag was prepared in 81% yield (430.5 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.76 – 7.57 (m, 2H), 

7.44 – 7.34 (m, 2H), 7.31 – 7.20 (m, 3H), 7.14 (d, J = 5.6 Hz, 1H), 6.62 (d, J = 8.8 Hz, 

2H), 4.57 (s, 2H), 3.17 (s, 3H), 2.98 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 150.7, 

144.5, 134.1, 133.0, 131.5, 129.5, 127.6, 127.4, 121.7, 117.6, 111.8, 107.9, 88.5, 87.5, 

79.2, 64.9, 43.5, 40.1, 39.0; IR (neat): 2925, 2214, 1608, 1523, 1486, 1444, 1362, 1190, 

1063, 962; HRESIMS Calcd for [C24H21BrKN2O2S2]
+ (M + K+) 550.9859, found 

550.9858. 

 

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

1-yl)methanesulfonamide (1ah) 



 

 

1ah 

Compound 1ah was prepared in 90% yield (413.0 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.4 Hz, 

2H), 7.29 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.60 (d, J = 9.2 Hz, 2H), 4.38 

(s, 2H), 3.03 (s, 3H), 2.93 (s, 6H), 2.80 – 2.70 (m, 2H), 2.62 – 2.45 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 150.3, 139.2, 132.7, 131.1, 130.2, 119.8, 111.5, 107.9, 87.8, 79.2, 

73.7, 69.5, 42.9, 39.8, 37.7, 34.1, 20.2; IR (neat): 2925, 2861, 2211, 1608, 1522, 1487, 

1359, 1226, 1164, 1070; HRESIMS Calcd for [C22H23BrN2NaO2S]+ (M + Na+) 

481.0556, found 481.0554. 

 

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

1-yl)methanesulfonamide (1ai) 

 

1ai 

Compound 1ai was prepared in 88% yield (350.4 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.29 (d, J = 8.0 Hz, 

2H), 7.19 – 7.09 (m, 2H), 6.93 – 6.87 (m, 2H), 6.60 (d, J = 8.5 Hz, 2H), 4.38 (s, 2H), 



 

3.04 (s, 3H), 2.93 (s, 6H), 2.77 (t, J = 6.5 Hz, 2H), 2.57 (t, J = 6.5 Hz, 2H); 13C NMR 

(125 MHz, CDCl3) δ 161.2 (d, J = 242.5 Hz), 150.3, 135.9 (d, J = 3.8 Hz), 132.7, 129.9 

(d, J = 7.5 Hz), 114.7 (d, J = 21.3 Hz), 111.4, 107.9, 87.7, 79.2, 73.6, 69.6, 42.9, 39.7, 

37.6, 33.9, 20.5; 19F NMR (376 MHz, CDCl3) δ -116.98; IR (neat): 2928, 2251, 2211, 

1610, 1508, 1446, 1364, 1221, 1159, 1095 HRESIMS Calcd for [C22H23FN2NaO2S]+ 

(M + Na+) 421.1356, found 421.1343. 

 

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

phenylcyclopropyl)ethynyl)methanesulfonamide (1aj) 

 

1aj 

Compound 1aj was prepared in 91% yield (345.3 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.8 Hz, 

2H), 7.26 – 7.19 (m, 2H), 7.17 – 7.04 (m, 3H), 6.84 (d, J = 8.8 Hz, 2H), 4.30 (d, J = 

18.0 Hz, 1H), 4.15 (d, J = 18.0 Hz, 1H), 3.74 (s, 3H), 2.60 (s, 3H), 2.30 (dd, J = 15.2, 

8.4 Hz, 1H), 1.89 – 1.78 (m, 1H), 1.40 – 1.29 (m, 1H), 1.20 (dd, J = 12.0, 5.6 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ 159.8, 137.5, 132.9, 128.2, 127.5, 125.8, 113.8, 113.5, 

86.1, 80.2, 71.7, 71.3, 54.9, 42.4, 37.0, 23.7, 14.4, 8.9; IR (neat): 3011, 2932, 2246, 

1606, 1509, 1458, 1359, 1259, 1162, 1032; HRESIMS Calcd for [C22H21KNO3S]+ (M 

+ K+) 418.0874, found 418.0868. 

 

N-((2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-yl)phenyl)prop-2-

yn-1-yl)methanesulfonamide (3a) 



 

 

3a 

Compound 3a was prepared in 81% yield (408.8 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.94 – 

7.86 (m, 1H), 7.85 – 7.73 (m, 3H), 7.58 (dd, J = 7.6, 1.2 Hz, 1H), 7.50 – 7.41 (m, 3H), 

7.40 – 7.34 (m, 1H), 7.33 – 7.25 (m, 1H), 7.17 (d, J = 8.8 Hz, 2H), 6.38 (d, J = 8.8 Hz, 

2H), 4.40 (s, 2H), 3.30 – 3.18 (m, 4H), 2.77 (s, 3H), 2.04 – 1.87 (m, 4H); 13C NMR 

(100 MHz, CDCl3) δ 147.9, 143.3, 138.0, 133.1, 133.0, 132.8, 132.5, 129.6, 128.3, 

128.2, 128.0, 127.5(1), 127.4(8), 127.4, 127.1, 126.0, 126.0, 121.0, 111.2, 107.1, 88.5, 

84.5, 79.0, 71.0, 47.4, 43.2, 38.3, 25.3; 13C NMR (100 MHz, CDCl3) δ 133.0, 132.8, 

129.6, 128.3, 128.2, 128.0, 127.5, 127.5, 127.4, 127.1, 126.0, 126.1, 111.2, 47.4, 43.2, 

38.3, 25.3; IR (neat): 3053, 2929, 2233, 1607, 1520, 1462, 1361, 1266, 1166, 1034; 

HRESIMS Calcd for [C32H28KN2O2S]+ (M + K+) 543.1503, found 543.1518. 

 

4-methyl-N-((2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)benzenesulfonamide (3b) 

 



 

3b 

Compound 3b was prepared in 88% yield (511.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.94 – 

7.82 (m, 1H), 7.82 – 7.76 (m, 3H), 7.55 (d, J = 8.4 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 

7.47 – 7.42 (m, 3H), 7.37 – 7.31 (m, 1H), 7.31 – 7.25 (m, 1H), 6.98 (d, J = 8.4 Hz, 2H), 

6.85 (d, J = 8.0 Hz, 2H), 6.35 (d, J = 8.8 Hz, 2H), 4.39 (s, 2H), 3.27 – 3.19 (m, 4H), 

2.21 (s, 3H), 2.01 – 1.91 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.7, 144.3, 142.9, 

138.1, 134.3, 133.2, 132.9(4), 132.9(1), 132.6, 129.7, 129.2, 128.3, 127.9, 127.8, 127.6, 

127.5, 127.4, 127.0, 125.9(3), 125.8(8), 121.4, 111.0, 107.7, 87.9, 85.1, 78.6, 70.7, 47.4, 

43.1, 25.4, 21.4; IR (neat): 3051, 2965, 2230, 1607, 1521, 1461, 1367, 1187, 1090, 814; 

HRESIMS Calcd for [C38H32N2NaO2S]+ (M + Na+) 603.2077, found 603.2072. 

 

N-((2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-yl)phenyl)prop-2-

yn-1-yl)benzenesulfonamide (3c) 

 

3c 

Compound 3c was prepared in 76% yield (430.7 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.94 – 7.85 (m, 1H), 

7.83 – 7.69 (m, 3H), 7.60 (d, J = 7.2 Hz, 2H), 7.54 (d, J = 7.2 Hz, 1H), 7.50 – 7.40 (m, 

3H), 7.39 – 7.23 (m, 3H), 7.14 – 6.86 (m, 4H), 6.35 (d, J = 8.4 Hz, 2H), 4.42 (s, 2H), 

3.42 – 3.09 (m, 4H), 2.07 – 1.83 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.7, 142.9, 

138.1, 137.1, 133.2, 132.9, 132.6, 129.7, 128.5, 128.3, 127.9(4), 127.8(7), 127.8, 127.6, 

127.5(4), 127.4(5), 127.0, 126.0, 125.9, 121.3, 111.1, 107.5, 88.0, 84.8, 78.5 70.8, 47.4, 



 

43.2, 25.3; IR (neat): 3054, 2967, 2231, 1608, 1522, 1447, 1368, 1172, 1089, 920; 

HRESIMS Calcd for [C37H30N2NaO2S]+ (M + Na+) 589.1920, found 589.1913 

 

4-bromo-N-((2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)benzenesulfonamide (3d) 

 

3d 

Compound 3d was prepared in 90% yield (581.0 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.92 – 

7.85 (m, 1H), 7.84 – 7.76 (m, 2H), 7.73 (dd, J = 8.8, 1.6 Hz, 1H), 7.54 (d, J = 7.6 Hz, 

1H), 7.50 – 7.41 (m, 3H), 7.39 – 7.31 (m, 3H), 7.31 – 7.24 (m, 1H), 7.09 (d, J = 8.8 Hz, 

2H), 6.94 (d, J = 8.8 Hz, 2H), 6.36 (d, J = 8.7 Hz, 2H), 4.42 (s, 2H), 3.31 – 3.16 (m, 

4H), 2.04 – 1.87 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.7, 143.1, 138.1, 136.3, 

133.1, 132.9(0), 132.8(7), 132.5, 131.8, 129.7, 129.2, 128.6, 128.3, 128.1, 127.9, 127.6, 

127.5, 127.0, 126.1, 121.1, 111.2, 107.2, 88.3, 84.5, 78.3, 70.9, 47.4, 43.4, 25.3; IR 

(neat): 3054, 2970, 2232, 1607, 1540, 1456, 1373, 1263, 1123, 1037; HRESIMS Calcd 

for [C37H29BrN2NaO2S]+ (M + Na+) 667.1025, found 667.1023. 

 

4-methoxy-N-((2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)benzenesulfonamide (3e) 



 

 

3e 

Compound 3e was prepared in 79% yield (471.4 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.95 – 7.87 (m, 1H), 

7.86 – 7.76 (m, 3H), 7.58 – 7.48 (m, 3H), 7.47 – 7.41 (m, 3H), 7.38 – 7.30 (m, 1H), 

7.30 – 7.23 (m, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.48 (d, J = 8.8 Hz, 2H), 6.34 (d, J = 8.8 

Hz, 2H), 4.39 (s, 2H), 3.61 (s, 3H), 3.31 – 3.11 (m, 4H), 2.04 – 1.85 (m, 4H); 13C NMR 

(100 MHz, CDCl3) δ 163.3, 147.7, 142.7, 138.2, 133.2, 132.9, 132.8, 132.6, 130.1, 

129.6, 128.7, 128.3, 127.9, 127.8, 127.7, 127.6, 127.5, 127.0, 126.0, 125.9, 121.5, 113.7, 

111.0, 107.7, 87.9, 85.3, 78.7, 70.8, 55.4, 47.4, 43.1, 25.4; IR (neat): 3054, 2967, 2230, 

1608, 1521, 1441, 1367, 1263, 1164, 1090; HRESIMS Calcd for [C38H32N2NaO3S]+ 

(M + Na+) 619.2026, found 619.2028. 

 

N-((4-fluoro-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3f) 

 



 

3f 

Compound 3f was prepared in 88% yield (459.9 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.94 – 7.86 (m, 

1H), 7.84 – 7.70 (m, 3H), 7.62 – 7.52 (m, 1H), 7.49 – 7.40 (m, 2H), 7.27 – 7.12 (m, 

3H), 7.07 – 6.94 (m, 1H), 6.38 (d, J = 8.8 Hz, 2H), 4.41 (s, 2H), 3.51 – 3.03 (m, 4H), 

2.77 (s, 3H), 2.14 – 1.79 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 162.2 (d, J = 248.0 

Hz), 147.9, 145.8 (d, J = 8.0 Hz), 136.9 (d, J = 1.0 Hz), 134.8 (d, J = 9.0 Hz), 133.0(1), 

132.9(9), 132.7, 128.4, 128.1, 127.6, 127.5, 127.1, 126.3, 126.2, 117.1 (d, J = 3.0 Hz), 

116.6 (d, J = 23.0 Hz), 114.3 (d, J = 22.0 Hz), 111.3, 107.0, 88.5, 84.0, 78.9, 70.0, 47.4, 

43.2, 38.4, 25.3; 19F NMR (376 MHz, CDCl3) δ -111.9 (s); IR (neat): 3052, 2968, 2235, 

1607, 1521, 1462, 1362, 1265, 1118, 964; HRESIMS Calcd for [C32H27FN2NaO2S]+ 

(M + Na+) 545.1669, found 545.1663. 

 

N-((4-chloro-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3g) 

 

3g 

Compound 3g was prepared in 86% yield (463.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.95 – 

7.85 (m, 1H), 7.85 – 7.76 (m, 2H), 7.72 (d, J = 8.4 Hz, 1H), 7.54 – 7.40 (m, 4H), 7.27 

(dd, J = 8.4, 2.0 Hz, 1H), 7.16 (d, J = 8.4 Hz, 2H), 6.38 (d, J = 8.8 Hz, 2H), 4.40 (s, 

2H), 3.41 – 3.03 (m, 4H), 2.77 (s, 3H), 2.05 – 1.83 (m, 4H); 13C NMR (100 MHz, CDCl3) 

δ 147.9, 144.7, 136.6, 133.8(4), 133.8(0), 133.0, 132.9, 132.6, 129.5, 128.3, 128.0, 



 

127.6, 127.5, 127.1, 127.0, 126.2(4), 126.1(5), 119.5, 111.2, 106.9, 88.6, 85.3, 78.8, 

70.1, 47.3, 43.1, 38.4, 25.3; IR (neat): 3053, 2928, 2231, 1607, 1520, 1463, 1361, 1265, 

1162, 1032; HRESIMS Calcd for [C32H28ClN2O2S+]+ (M + H+) 539.1555, found 

539.1551. 

 

N-((4-methyl-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3h) 

 

3h 

Compound 3h was prepared in 78% yield (404.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.93 – 

7.85 (m, 1H), 7.83 – 7.71 (m, 3H), 7.49 (d, J = 8.0 Hz, 1H), 7.47 – 7.39 (m, 2H), 7.30 

(s, 1H), 7.20 – 7.03 (m, 3H), 6.39 (d, J = 8.7 Hz, 2H), 4.41 (s, 2H), 3.39 – 3.08 (m, 4H), 

2.76 (s, 3H), 2.41 (s, 3H), 2.06 – 1.91 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.9, 

143.5, 138.4, 138.2, 133.2, 133.1, 132.9, 132.5, 130.4, 128.3, 128.0, 127.9, 127.6, 127.5, 

127.4, 126.0, 125.9, 118.0, 111.3, 107.2, 88.4, 83.8, 79.1, 70.9, 47.4, 43.3, 38.3, 25.4, 

21.4; IR (neat): 2927, 2846, 2237, 1608, 1521, 1460, 1362, 1264, 1165, 1032; 

HRESIMS Calcd for [C33H31N2O2S]+ (M + H+ 519.2101, found 519.2111. 

 

N-((4-methoxy-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3i) 



 

 

3i 

Compound 3i was prepared in 88% yield (470.5 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.93 – 7.84 (m, 

1H), 7.83 – 7.60 (m, 3H), 7.53 (d, J = 8.8 Hz, 1H), 7.49 – 7.32 (m, 2H), 7.17 (d, J = 8.8 

Hz, 2H), 7.01 (d, J = 2.7 Hz, 1H), 6.87 (dd, J = 8.8, 2.8 Hz, 1H), 6.40 (d, J = 8.8 Hz, 

2H), 4.41 (s, 2H), 3.84 (s, 3H), 3.41 – 3.03 (m, 4H), 2.74 (s, 3H), 2.18 – 1.78 (m, 4H); 

13C NMR (100 MHz, CDCl3) δ 159.6, 147.9, 145.5, 138.0, 134.8, 133.1, 133.0, 132.5, 

128.3, 128.0, 127.5(0), 127.4(6), 127.4, 126.1, 126.0, 115.1, 113.1, 113.0, 111.3, 107.2, 

88.3, 82.9, 79.1, 70.6, 55.4, 47.4, 43.3, 38.2, 25.4; IR (neat): 3055, 2967, 2210, 1606, 

1521, 1463, 1361, 1268, 1165, 1034; HRESIMS Calcd for [C33H31N2O3S]+ (M + H+) 

535.2050, found 535.2029. 

 

N-((5-fluoro-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3j) 

 



 

3j 

Compound 3j was prepared in 93% yield (486.0 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.01 (s, 1H), 7.93 – 7.85 (m, 

1H), 7.85 – 7.76 (m, 2H), 7.71 (dd, J = 8.8, 1.6 Hz, 1H), 7.50 – 7.36 (m, 3H), 7.27 (dd, 

J = 9.2, 2.8 Hz, 1H), 7.17 (d, J = 8.8 Hz, 2H), 7.11 – 7.00 (m, 1H), 6.39 (d, J = 8.7 Hz, 

2H), 4.39 (s, 2H), 3.34 – 3.11 (m, 4H), 2.77 (s, 3H), 2.05 – 1.80 (m, 4H); 13C NMR 

(100 Hz, CDCl3) δ 161.5 (d, J = 245.0 Hz), 148.0, 139.5 (d, J = 3.0 Hz), 137.1, 133.1, 

133.0, 132.5, 131.2 (d, J = 8.0 Hz), 128.3, 128.0, 127.5(4), 127.4(9), 127.4, 126.1, 126.0, 

122.8 (d, J = 10.0 Hz), 118.9 (d, J = 23.0 Hz), 115.4 (d, J = 21.0 Hz), 111.3, 107.0, 

88.6, 85.4, 78.8, 70.3, 47.4, 43.2, 38.5, 25.3; 19F NMR (376 MHz, CDCl3) δ -115.5 (s); 

IR (neat): 3052, 2965, 2237, 1607, 1577, 1462, 1323, 1166, 1035, 967; HRESIMS 

Calcd for [C32H27FKN2O2S]+ (M + K+) 561.1409, found 561.1420. 

 

N-((5-chloro-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3k) 

 

3k 

Compound 3k was prepared in 86% yield (463.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 1.4 Hz, 

1H), 7.92 – 7.87 (m, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.83 – 7.78 (m, 1H), 7.72 (dd, J = 

8.4, 1.6 Hz, 1H), 7.56 (d, J = 2.4 Hz, 1H), 7.49 – 7.44 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 

7.34 (dd, J = 8.4, 2.4 Hz, 1H), 7.18 (d, J = 8.8 Hz, 2H), 6.40 (d, J = 9.2 Hz, 2H), 4.41 

(s, 2H), 3.35 – 3.19 (m, 4H), 2.80 (s, 3H), 2.06 – 1.89 (m, 4H); 13C NMR (100 MHz, 



 

CDCl3) δ 148.0, 141.6, 136.8, 133.1, 133.0, 132.9, 132.6, 132.1, 130.8, 128.3(3), 

128.2(8), 128.0, 127.6, 127.5, 127.2, 126.2, 122.7, 111.3, 107.0, 88.7, 85.6, 78.8, 70.1, 

47.4, 43.2, 38.6, 25.4; IR (neat): 3054, 2928, 2233, 1608, 1521, 1461, 1363, 1323, 1166, 

1034; HRESIMS Calcd for [C32H27ClN2NaO2S]+ (M + Na+) 561.1374, found 561.1380. 

 

N-((5-methyl-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3l) 

 

3l 

Compound 3l was prepared in 90% yield (466.8 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.05 (s, 1H), 7.94 – 7.85 (m, 1H), 

7.84 – 7.69 (m, 3H), 7.52 – 7.39 (m, 3H), 7.38 (d, J = 7.6 Hz, 1H), 7.26 – 7.12 (m, 3H), 

6.39 (d, J = 8.4 Hz, 2H), 4.41 (s, 2H), 3.33 – 3.13 (m, 4H), 2.80 (s, 3H), 2.36 (s, 3H), 

2.11 – 1.85 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.9, 140.5, 138.0, 137.9, 133.3, 

133.2, 133.0, 132.4, 129.5, 129.2, 128.3, 127.9, 127.6, 127.5, 127.4, 126.0, 125.9, 120.7, 

111.3, 107.2, 88.5, 84.2, 79.0, 71.2, 47.4, 43.3, 38.3, 25.4, 20.8; IR (neat): 3049, 2926, 

2234, 1608, 1522, 1460, 1363, 1266, 1166, 1036; HRESIMS Calcd for 

[C33H30N2NaO2S]+ (M + Na+) 541.1920, found 541.1909. 

 

N-((5-methoxy-2-(naphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3m) 



 

 

3m 

Compound 3m was prepared in 82% yield (438.4 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.92 – 

7.85 (m, 1H), 7.84 – 7.71 (m, 3H), 7.47 – 7.41 (m, 2H), 7.39 (d, J = 8.4 Hz, 1H), 7.17 

(d, J = 8.8 Hz, 2H), 7.10 (d, J = 2.4 Hz, 1H), 6.95 (dd, J = 8.4, 2.8 Hz, 1H), 6.39 (d, J 

= 8.8 Hz, 2H), 4.42 (s, 2H), 3.82 (s, 3H), 3.33 – 3.13 (m, 4H), 2.79 (s, 3H), 2.06 – 1.86 

(m, 4H); 13C NMR (100 MHz, CDCl3) δ 158.5, 148.0, 137.8, 136.1, 133.2, 133.0, 132.3, 

130.8, 128.2, 127.8, 127.7, 127.5, 127.4, 126.0, 125.8, 121.8, 116.9, 115.2, 111.3, 107.1, 

88.5, 84.3, 79.0, 71.1, 55.4, 47.4, 43.3, 38.4, 25.4; IR (neat): 3052, 2968, 2236, 1605, 

1560, 1462, 1362, 1226, 1166, 1043; HRESIMS Calcd for [C33H30N2NaO3S]+ (M + 

Na+) 557.1869, found 557.1839. 

 

N-((2-(5-methylnaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3n) 



 

  

3n 

Compound 3n was prepared in 76% yield (394.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 1.6 Hz, 

1H), 7.95 (d, J = 8.8 Hz, 1H), 7.86 – 7.78 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.59 (dd, 

J = 7.6, 0.8 Hz, 1H), 7.48 (dd, J = 7.6, 0.8 Hz, 1H), 7.40 – 7.26 (m, 4H), 7.17 (d, J = 

8.8 Hz, 2H), 6.38 (d, J = 8.4 Hz, 2H), 4.41 (s, 2H), 3.29 – 3.06 (m, 4H), 2.78 (s, 3H), 

2.62 (s, 3H), 2.04 – 1.77 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.9, 143.3, 137.7, 

133.9, 133.2, 133.0, 132.9, 131.6, 129.6, 128.6, 128.2, 127.3, 127.0, 126.8, 126.7, 125.8, 

123.8, 121.0, 111.2, 107.1, 88.5, 84.5, 79.0, 70.9, 47.4, 43.3, 38.4, 25.4, 19.3; IR (neat): 

3048, 2967, 2232, 1608, 1521, 1461, 1362, 1166, 1034, 919; HRESIMS Calcd for 

[C33H30N2NaO2S]+ (M + Na+) 541.1920, found 541.1904. 

 

N-((2-(5-methoxynaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3o) 

 



 

3o 

Compound 3o was prepared in 89% yield (475.9 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 8.8 Hz, 

1H), 8.04 (d, J = 1.2 Hz, 1H), 7.74 (dd, J = 8.4, 1.6 Hz, 1H), 7.58 (dd, J = 7.6, 0.8 Hz, 

1H), 7.52 – 7.46 (m, 2H), 7.43 – 7.27 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 7.6 

Hz, 1H), 6.38 (d, J = 8.8 Hz, 2H), 4.41 (s, 2H), 3.96 (s, 3H), 3.40 – 3.03 (m, 4H), 2.81 

(s, 3H), 2.08 – 1.85 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 155.3, 147.9, 143.3, 138.5, 

134.2, 133.0, 132.8, 129.6, 128.2, 127.7, 127.0, 126.7, 126.1, 124.6, 121.8, 121.0, 120.6, 

111.2, 107.1, 103.9, 88.5, 84.5, 79.0, 71.0, 55.4, 47.4, 43.3, 38.4, 25.4; IR (neat): 3054, 

2965, 2231, 1606, 1522, 1450, 1362, 1246, 1127, 963; HRESIMS Calcd for 

[C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1904. 

 

N-((2-(6-chloronaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3p) 

 

3p 

Compound 3p was prepared in 83% yield (447.5 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.86 – 

7.75 (m, 2H), 7.77 – 7.68 (m, 2H), 7.60 (d, J = 7.2 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 

7.43 – 7.29 (m, 3H), 7.15 (d, J = 8.4 Hz, 2H), 6.41 (d, J = 8.8 Hz, 2H), 4.43 (s, 2H), 

3.39 – 3.14 (m, 4H), 2.82 (s, 3H), 2.10 – 1.96 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

147.9, 142.9, 138.3, 133.1, 133.0, 132.9(8), 131.6, 131.3, 129.9, 129.6, 128.6, 128.3, 



 

127.9, 127.3, 126.9, 126.6, 126.2, 120.9, 111.3, 107.0, 88.5, 84.6, 79.0, 70.8, 47.4, 43.3, 

38.4, 25.4; IR (neat): 3052, 2927, 2232, 1607, 1522, 1461, 1363, 1265, 1166, 964; 

HRESIMS Calcd for [C32H27ClN2NaO2S]+ (M + Na+) 561.1374, found 561.1347. 

 

N-((2-(6-ethylnaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3q) 

 

3q 

Compound 3q was prepared in 82% yield (436.8 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.83 (d, 

J = 8.4 Hz, 1H), 7.81 – 7.72 (m, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 7.6 Hz, 1H), 

7.43 – 7.36 (m, 1H), 7.35 – 7.28 (m, 2H), 7.18 (d, J = 8.8 Hz, 2H), 6.41 (d, J = 8.4 Hz, 

2H), 4.43 (s, 2H), 3.43 – 3.21 (m, 4H), 2.90 – 2.60 (m, 5H), 2.12 – 1.90 (m, 4H), 1.32 

(t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 147.9, 143.5, 141.9, 137.1, 133.0, 

132.8, 131.6, 129.6, 128.2(0), 128.1(5), 127.7, 127.5, 127.3, 127.0, 126.9, 125.1, 120.9, 

111.2, 107.1, 88.5, 84.4, 79.0, 71.0, 47.3, 43.2, 38.3, 29.0, 25.3, 15.4; IR (neat): 2964, 

2927, 2232, 1608, 1522, 1486, 1363, 1186, 1035, 963; HRESIMS Calcd for 

[C34H32KN2O2S]+ (M + K+) 571.1816, found 571.1798. 

 

N-((2-(6-methoxynaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3r) 



 

 

3r 

Compound 3r was prepared in 94% yield (502.6 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 7.78 (d, J = 9.2 Hz, 

1H), 7.76 – 7.69 (m, 2H), 7.57 (dd, J = 7.6, 0.8 Hz, 1H), 7.46 (d, J = 7.2 Hz, 1H), 7.40 

– 7.34 (m, 1H), 7.32 – 7.27 (m, 1H), 7.16 (d, J = 8.8 Hz, 2H), 7.13 – 7.05 (m, 2H), 6.37 

(d, J = 8.8 Hz, 2H), 4.42 (s, 2H), 3.88 (s, 3H), 3.33 – 3.09 (m, 4H), 2.80 (s, 3H), 2.02 – 

1.82 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 157.7, 147.9, 143.5, 135.8, 133.7, 133.0, 

132.8, 129.8, 129.5, 128.6, 128.2, 128.0, 127.8, 126.8, 126.3, 120.9, 118.8, 111.2, 107.1, 

105.4, 88.4, 84.4, 79.0, 71.0, 55.2, 47.3, 43.2, 38.3, 25.3; IR (neat): 2963, 2848, 2232, 

1603, 1522, 1462, 1362, 1264, 1186, 1032; HRESIMS Calcd for [C33H31N2O3S]+ (M + 

H+) 535.2050, found 535.2061. 

 

N-((2-(7-bromonaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3s) 



 

 

3s 

Compound 3s was prepared in 79% yield (461.0 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.06 (s, 1H), 7.93 (s, 1H), 7.84 

– 7.73 (m, 2H), 7.65 (d, J = 8.5 Hz, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.51 (d, J = 8.5 Hz, 

1H), 7.45 (d, J = 7.5 Hz, 1H), 7.41 – 7.36 (m, 1H), 7.36 – 7.30 (m, 1H), 7.11 (d, J = 8.5 

Hz, 2H), 6.38 (d, J = 8.5 Hz, 2H), 4.44 (s, 2H), 3.37 – 3.18 (m, 4H), 2.85 (s, 3H), 2.06 

– 1.86 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 147.9, 142.8, 139.2, 134.3, 133.0, 132.8, 

130.9, 130.2, 129.6, 129.3, 129.2, 128.3, 128.1, 127.4, 127.3, 127.0, 121.0, 120.0, 111.2, 

107.0, 88.5, 84.7, 78.9, 70.8, 47.4, 43.2, 38.5, 25.4; IR (neat): 3053, 2928, 2232, 1602, 

1525, 1461, 1362, 1248, 1165, 1034; HRESIMS Calcd for [C32H27BrN2NaO2S]+ (M + 

Na+) 605.0869, found 605.0856. 

 

N-((2-(7-methoxynaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3t) 

 



 

3t 

Compound 3t was prepared in 80% yield (427.7 mg) according to the general procedure 

S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.02 (s, 1H), 7.75 (d, J = 8.4 Hz, 

1H), 7.69 (d, J = 8.8 Hz, 1H), 7.63 – 7.55 (m, 2H), 7.49 (d, J = 7.6 Hz, 1H), 7.43 – 7.36 

(m, 1H), 7.34 – 7.28 (m, 1H), 7.25 (d, J = 2.4 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.12 

(dd, J = 8.8, 2.4 Hz, 1H), 6.39 (d, J = 8.8 Hz, 2H), 4.42 (s, 2H), 3.85 (s, 3H), 3.35 – 

3.08 (m, 4H), 2.81 (s, 3H), 2.08 – 1.85 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 157.8, 

147.9, 143.4, 138.5, 134.3, 133.0, 132.7, 129.6, 129.0, 128.1, 128.0, 127.3, 127.0, 125.3, 

121.0, 119.0, 111.2, 107.1, 106.1, 88.5, 84.5, 79.1, 71.1, 55.2, 47.4, 43.3, 38.4, 25.4; IR 

(neat): 3051, 2965, 2209, 1608, 1459, 1366, 1213, 1124, 1030, 946; HRESIMS Calcd 

for [C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1891. 

 

N-((2-(7-phenylnaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3u) 

 

3u 

Compound 3u was prepared in 75% yield (435.6 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.14 (s, 1H), 8.11 (s, 

1H), 7.89 – 7.82 (m, 2H), 7.80 – 7.69 (m, 4H), 7.60 (dd, J = 7.6, 1.2 Hz, 1H), 7.47 – 

7.42 (m, 3H), 7.41 – 7.30 (m, 3H), 7.11 (d, J = 8.8 Hz, 2H), 6.33 (d, J = 8.8 Hz, 2H), 

4.41 (s, 2H), 3.22 – 3.09 (m, 4H), 2.83 (s, 3H), 1.96 – 1.86 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 147.9, 143.3, 140.8, 138.6, 138.5, 133.4, 133.0, 132.7, 131.7, 129.6, 

128.8, 128.3, 128.2, 128.1, 127.7, 127.3(1), 127.2(6), 127.2, 127.1, 126.1, 125.7, 121.0, 



 

111.2, 107.0, 88.5, 84.6, 79.0, 70.9, 47.3, 43.3, 38.4, 25.3; IR (neat): 3056, 2967, 2232, 

1607, 1522, 1460, 1363, 1265, 1166, 1034; HRESIMS Calcd for [C38H32N2NaO2S]+ 

(M + Na+) 603.2077, found 603.2054. 

 

N-((2-(8-methylnaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3v) 

 

3v 

Compound 3v was prepared in 76% yield (394.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.08 (s, 1H), 7.87 – 

7.73 (m, 2H), 7.65 (d, J = 7.6 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.48 (d, J = 7.6 Hz, 

1H), 7.44 – 7.27 (m, 4H), 7.13 (d, J = 8.8 Hz, 2H), 6.39 (d, J = 8.4 Hz, 2H), 4.39 (s, 

2H), 3.38 – 3.12 (m, 4H), 2.76 (s, 3H), 2.71 (s, 3H), 2.06 – 1.86 (m, 4H); 13C NMR 

(100 MHz, CDCl3) δ 147.9, 144.1, 138.2, 134.6, 133.0, 132.8, 132.6, 132.4, 129.8, 

128.2, 127.9, 127.3, 127.1, 126.8, 126.0, 125.7, 124.4, 121.2, 111.2, 107.2, 88.4, 84.5, 

79.0, 70.9, 47.4, 43.3, 38.3, 25.4, 19.4; IR (neat): 3050, 2920, 2232, 1607, 1521, 1486, 

1362, 1186, 1032, 961, 918; HRESIMS Calcd for [C33H30N2NaO2S]+ (M + Na+) 

541.1920, found 541.1903. 

 

N-((2-(8-methoxynaphthalen-2-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3w) 



 

 

3w 

Compound 3w was prepared in 88% yield (470.5 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.42 (s, 1H), 7.85 (dd, 

J = 8.4, 1.6 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 7.50 (d, J = 7.2 

Hz, 1H), 7.43 – 7.34 (m, 3H), 7.33 – 7.26 (m, 1H), 7.12 (d, J = 8.4 Hz, 2H), 6.80 (dd, 

J = 6.4, 1.6 Hz, 1H), 6.38 (d, J = 8.8 Hz, 2H), 4.43 (s, 2H), 3.97 (s, 3H), 3.38 – 3.00 (m, 

4H), 2.86 (s, 3H), 2.16 – 1.87 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 155.6, 147.9, 

143.8, 137.5, 133.6, 133.0, 132.8, 129.8, 128.2, 128.1, 127.0, 126.1, 125.3, 122.2, 121.0, 

119.9, 111.2, 107.2, 103.9, 88.3, 84.5, 79.0, 70.9, 55.4, 47.4, 43.2, 38.5, 25.4; IR (neat): 

3053, 2968, 2229, 1607, 1544, 1460, 1363, 1272, 1165, 1068; HRESIMS Calcd for 

[C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1853. 

 

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

yl)phenyl)ethynyl)methanesulfonamide (3x) 

 

3x 



 

Compound 3x was prepared in 85% yield (406.8 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.81 – 

7.73 (m, 1H), 7.73 – 7.62 (m, 3H), 7.47 (d, J = 7.6 Hz, 1H), 7.39 – 7.29 (m, 3H), 7.28 

– 7.23 (m, 1H), 7.22 – 7.16 (m, 1H), 7.06 (d, J = 8.0 Hz, 2H), 6.41 (d, J = 8.8 Hz, 2H), 

4.29 (s, 2H), 2.79 (s, 6H), 2.66 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.4, 143.3, 

137.9, 133.1, 132.9, 132.8, 132.4, 129.6, 128.2, 128.1, 128.0, 127.6, 127.5, 127.4, 127.0, 

126.1, 126.0, 120.9, 111.5, 108.0, 88.1, 84.4, 79.2, 70.9, 43.1, 39.9, 38.3; IR (neat): 

3052, 2925, 2232, 1608, 1524, 1445, 1323, 1266, 1166, 1035; HRESIMS Calcd for 

[C30H26KN2O2S]+ (M + K+) 517.1347, found 517.1355. 

 

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

yl)phenyl)ethynyl)methanesulfonamide (3y) 

 

3y 

Compound 3y was prepared in 80% yield (555.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (s, 1H), 7.91 – 

7.81 (m, 1H), 7.80 – 7.68 (m, 3H), 7.57 (d, J = 7.6 Hz, 1H), 7.46 (d, J = 6.8 Hz, 1H), 

7.43 – 7.35 (m, 3H), 7.33 – 7.21 (m, 7H), 7.21 – 7.14 (m, 4H), 7.06 (d, J = 8.8 Hz, 2H), 

6.57 (d, J = 9.2 Hz, 2H), 4.63 (s, 4H), 4.38 (s, 2H), 2.75 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 149.3, 143.4, 138.1, 137.7, 133.1, 132.9, 132.5, 129.6, 128.7, 128.3, 128.2, 

128.0, 127.5(4), 127.4(9), 127.4, 127.1(0), 127.0(8), 126.4, 126.0(4), 125.9(9), 121.0, 

112.0, 108.8, 87.9, 84.4, 79.4, 71.0, 54.1, 43.1, 38.3; IR (neat): 3060, 2928, 2230, 1608, 



 

1519, 1452, 1361, 1236, 1166, 1030; HRESIMS Calcd for [C42H34N2NaO2S]+ (M + 

Na+) 653.2233, found 653.2248. 

 

N-((2-(naphthalen-2-yl)cyclohex-1-en-1-yl)ethynyl)-N-(3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-yn-1-yl)methanesulfonamide (3z) 

 

3z 

Compound 3z was prepared in 66% yield (335.7 mg) according to the general procedure 

S2 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.92 (s, 1H), 7.86 – 7.79 (m, 1H), 

7.77 – 7.66 (m, 2H), 7.62 (d, J = 8.4 Hz, 1H), 7.44 – 7.33 (m, 2H), 7.17 (d, J = 8.8 Hz, 

2H), 6.40 (d, J = 8.8 Hz, 2H), 4.34 (s, 2H), 3.33 – 3.16 (m, 4H), 2.66 (s, 3H), 2.59 – 

2.48 (m, 2H), 2.43 – 2.32 (m, 2H), 2.03 – 1.93 (m, 4H), 1.87 – 1.66 (m, 4H); 13C NMR 

(100 MHz, CDCl3) δ 147.9, 143.1, 140.2, 133.1, 133.0, 132.4, 128.2, 127.4, 127.1, 

126.5, 126.3, 125.8, 125.6, 116.3, 111.3, 107.3, 88.2, 83.1, 79.1, 72.8, 47.4, 43.2, 37.8, 

31.0, 30.9, 25.4, 22.7, 22.3; IR (neat): 3049, 2928, 2212, 1608, 1521, 1461, 1321, 1165, 

1056, 962; HRESIMS Calcd for [C32H32N2NaO2S]+ (M + Na+) 531.2077, found 

531.2079. 

 

N-((2-(naphthalen-1-yl)phenyl)ethynyl)-N-(3-(4-(pyrrolidin-1-yl)phenyl)prop-2-

yn-1-yl)methanesulfonamide (3aa) 



 

 

3aa 

Compound 3aa was prepared in 90% yield (454.1 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.87 – 7.81 (m, 1H), 

7.81 – 7.74 (m, 1H), 7.65 – 7.56 (m, 2H), 7.49 – 7.44 (m, 2H), 7.44 – 7.35 (m, 5H), 

7.15 (d, J = 8.8 Hz, 2H), 6.45 (d, J = 8.8 Hz, 2H), 4.20 – 3.85 (m, 2H), 3.43 – 3.03 (m, 

4H), 2.41 (s, 3H), 2.13 – 1.90 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.9, 142.7, 

138.8, 133.4, 133.1, 131.8, 131.7, 130.4, 128.0, 127.8, 127.4, 126.3, 126.0, 125.7, 125.4, 

122.9, 111.2, 107.4, 88.0, 84.9, 78.7, 70.4, 47.5, 43.1, 37.8, 25.4; IR (neat): 3048, 2843, 

2232, 1605, 1524, 1461, 1360, 1265, 1164, 1035; HRESIMS Calcd for 

[C32H28N2NaO2S]+ (M + Na+) 527.1764, found 527.1780. 

 

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

yl)phenyl)ethynyl)methanesulfonamide (3ab) 

 

3ab 

Compound 3ab was prepared in 89% yield (395.7 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (s, 1H), 7.92 – 



 

7.83 (m, 1H), 7.83 – 7.68 (m, 3H), 7.58 (d, J = 7.6 Hz, 1H), 7.48 – 7.38 (m, 3H), 7.38 

– 7.32 (m, 1H), 7.32 – 7.24 (m, 1H), 7.18 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 

4.38 (s, 2H), 3.72 (s, 3H), 2.76 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.9, 143.3, 

137.9, 133.2, 133.0, 132.7, 132.4, 129.6, 128.3, 128.2, 127.9, 127.4(2), 127.4(1), 127.3, 

127.0, 126.0(1), 125.9(7), 120.8, 113.9, 113.5, 86.8, 84.2, 80.1, 71.1, 55.1, 42.7, 38.2; 

IR (neat): 3057, 2939, 2233, 1605, 1568, 1464, 1324, 1251, 1164, 1033; HRESIMS 

Calcd for [C29H23NNaO3S]+ (M + Na+) 488.1291, found 488.1295. 

 

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

yl)thiophen-3-yl)ethynyl)methanesulfonamide (3ac) 

 

3ac 

Compound 3ac was prepared in 90% yield (436.2 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.36 (s, 1H), 7.96 (dd, 

J = 8.5, 2.0 Hz, 1H), 7.93 – 7.88 (m, 1H), 7.80 – 7.66 (m, 2H), 7.43 – 7.39 (m, 2H), 

7.23 – 7.16 (m, 3H), 7.14 (d, J = 5.5 Hz, 1H), 6.48 (d, J = 9.0 Hz, 2H), 4.56 (s, 2H), 

3.13 (s, 3H), 2.90 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 150.4, 145.9, 133.3, 132.9, 

132.8, 132.0, 131.0, 128.4, 128.2, 127.5, 126.4(1), 126.3(6), 126.2, 125.8, 123.7, 116.9, 

111.6, 107.9, 88.4, 83.6, 79.2, 67.3, 43.3, 40.0, 38.7; IR (neat): 3442, 2231, 1607, 1520, 

1354, 1323, 1226, 1166, 1043, 965; HRESIMS Calcd for [C28H24KN2O2S2]
+ (M + K+) 

523.0911, found 523.0907. 

 

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

yl)thiophen-3-yl)ethynyl)methanesulfonamide (3ad) 



 

 

3ad 

Compound  3ad was prepared in 85% yield (411.9 mg) according to the general 

procedure S1 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.19 (s, 1H), 7.92 – 

7.85 (m, 1H), 7.80 (dd, J = 8.5, 1.5 Hz, 1H), 7.79 – 7.72 (m, 2H), 7.58 (d, J = 3.5 Hz, 

1H), 7.47 – 7.38 (m, 2H), 7.36 (d, J = 3.5 Hz, 1H), 7.15 (d, J = 9.0 Hz, 2H), 6.49 (d, J 

= 9.0 Hz, 2H), 4.51 (s, 2H), 3.00 (s, 3H), 2.91 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 

150.4, 143.4, 133.3, 132.9, 132.7, 132.6, 130.7, 128.2, 127.8, 127.5, 126.8, 126.4, 126.1, 

125.9, 122.4, 120.6, 111.6, 108.0, 88.3, 83.1, 79.2, 66.6, 43.3, 40.0, 38.6; IR (neat): 

2925, 2242, 2212, 1607, 1522, 1445, 1323, 1266, 1165, 1036; HRESIMS Calcd for 

[C28H24KN2O2S2]
+ (M + K+) 523.0911, found 523.0906. 

 

N-(3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-N-(4-(naphthalen-2-yl)but-1-yn-

1-yl)methanesulfonamide (3ae) 

 

3ae 



 

Compound 3ae was prepared in 92% yield (396.1 mg) according to the general 

procedure S2 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.75 – 7.71 (m, 1H), 

7.71 – 7.67 (m, 2H), 7.65 (s, 1H), 7.41 – 7.31 (m, 3H), 7.26 (d, J = 9.0 Hz, 2H), 6.54 

(d, J = 9.0 Hz, 2H), 4.37 (s, 2H), 2.99 – 2.93 (m, 2H), 2.91 (s, 3H), 2.87 (s, 6H), 2.71 – 

2.61 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 150.3, 137.8, 133.3, 132.8, 131.9, 127.7, 

127.4, 127.3, 127.0, 126.7, 125.7, 125.1, 111.5 108.0, 87.8, 79.3, 73.6, 69.9, 43.0, 39.8, 

37.6, 35.0, 20.4; IR (neat): 2926, 2858, 2213, 1608, 1523, 1445, 1359, 1272, 1191, 

1045; HRESIMS Calcd for [C26H27N2O2S]+ (M + H+) 431.1788, found 431.1787. 

  



 

4. General Procedures for Copper-Catalyzed Controllable Cyclization of Diynes 

4.1. General Procedure for Synthesis of Chiral Cycloheptatrienes 2  

  

To an oven-dried Schlenk tube with a stir bar were sequentially added Cu(MeCN)4PF6 

(0.01 mmol, 3.8 mg), L9 (0.012 mmol, 8.8 mg) and NaBArF
4 (0.012 mmol, 10.6 mg, 

white crystal) under argon atmosphere. After injecting toluene (1 mL) into the Schlenk 

tube, the mixture was stirred at 25 °C for 2 h. Then the mixture reaction was cooled to 

-20 °C, and N-propargyl ynamide 1 (0.1 mmol) in toluene (1 mL) was added into the 

reaction mixture dropwise. The progress of the reaction was monitored by TLC. Upon 

completion, the reaction mixture was directly purified by column chromatography on 

silica gel (eluent: PE/EtOAc) to afford the desired chiral cycloheptatriene 2. 

 

(S)-4-(10-bromo-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-

N,N-dimethylaniline (2a) 

 

2a 

Compound 2a was prepared in 95% yield (48.2 mg) according to the general procedure. 

Pale yellow solid (mp 131–132 °C). [α]D
25 = -221.1º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IE Column, 40/60 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 6.54 min (minor), 7.87 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.69 – 

7.61 (m, 1H), 7.61 – 7.52 (m, 1H), 7.39 (d, J = 2.0 Hz, 1H), 7.31 – 7.25 (m, 1H), 7.24 

– 7.19 (m, 1H), 6.91 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.4 Hz, 1H), 6.72 (d, J = 2.4 Hz, 



 

1H), 6.61 (dd, J = 8.0, 1.2 Hz, 1H), 6.54 (d, J = 9.2 Hz, 1H), 6.45 (d, J = 8.8 Hz, 2H), 

4.78 (d, J = 9.2 Hz, 1H), 3.09 (s, 3H), 2.85 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

148.7, 132.8, 132.0, 131.9, 131.4, 128.0, 127.6(4), 127.6(1), 127.3, 127.0, 123.4, 122.2, 

121.8, 121.7, 118.9, 113.1, 111.5, 109.9, 42.8(2), 42.7(6), 40.5; IR (neat): 2923, 1609, 

1518, 1473, 1398, 1364, 1172, 1054, 984; HRESIMS Calcd for [C26H23BrN2NaO2S]+ 

(M + Na+) 529.0556, found 529.0568. 

 

(S)-4-(10-bromo-2-tosylbenzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-N,N-

dimethylaniline (2b) 

 

2b 

Compound 2b was prepared in 95% yield (55.4 mg) according to the general procedure. 

Pale yellow solid (mp 186–187 °C). [α]D
25 = -134.6º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 10.05 min (minor), 14.83 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.62 

(d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.54 (dd, J = 8.5, 1.0 Hz, 1H), 7.38 (d, J 

= 2.5 Hz, 1H), 7.24 – 7.13 (m, 4H), 6.86 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.0 Hz, 1H), 

6.76 (d, J = 2.0 Hz, 1H), 6.60 (dd, J = 8.0, 1.0 Hz, 1H), 6.51 (d, J = 9.0 Hz, 1H), 6.43 

(d, J = 9.0 Hz, 2H), 4.73 (d, J = 9.0 Hz, 1H), 2.85 (s, 6H), 2.35 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 148.7, 144.9, 135.9, 133.0, 132.0, 131.8, 129.9, 127.9, 127.5(3), 

127.4(7), 127.4(4), 127.3(8), 127.3, 126.6, 123.5, 122.3, 122.0, 121.7, 119.6, 113.4, 

113.0, 111.6, 111.1, 43.1, 40.6, 21.6; IR (neat): 3131, 2922, 1611, 1516, 1445, 1373, 

1283, 1172, 1091, 982; HRESIMS Calcd for [C32H27BrN2NaO2S]+ (M + Na+) 605.0869, 

found 605.0860. 

 



 

(S)-4-(10-bromo-2-(phenylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-

N,N-dimethylaniline (2c) 

 

2c 

Compound 2c was prepared in 95% yield (54.1 mg) according to the general procedure. 

Pale yellow solid (mp 228–229 °C). [α]D
25 = -155.0º (c = 1.0, CHCl3). 91% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.95 min (minor), 13.34 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.73 

(d, J = 7.6 Hz, 2H), 7.63 – 7.49 (m, 3H), 7.45 – 7.37 (m, 3H), 7.23 – 7.15 (m, 2H), 6.86 

(d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 6.60 (dd, J = 8.0, 

0.8 Hz, 1H), 6.51 (d, J = 9.2 Hz, 1H), 6.43 (d, J = 8.8 Hz, 2H), 4.72 (d, J = 9.2 Hz, 1H), 

2.85 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 148.7, 138.8, 133.7, 133.3, 132.0, 131.9, 

131.7, 129.3, 128.0, 127.6, 127.4(3), 127.4(0), 127.2, 126.5, 123.5, 122.3, 122.1, 121.7, 

119.7, 113.4, 112.7, 111.6, 110.9, 43.1, 40.6; IR (neat): 3129, 3027, 1610, 1516, 1477, 

1372, 1216, 1173, 1054, 969; HRESIMS Calcd for [C31H25BrN2NaO2S]+ (M + Na+) 

591.0712, found 591.0712. 

 

(S)-4-(10-bromo-2-((4-methoxyphenyl)sulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2d) 

 

2d 



 

Compound 2d was prepared in 96% yield (57.6 mg) according to the general procedure. 

Pale yellow solid (mp 127–128 °C). [α]D
25 = -157.6º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 11.94 min (minor), 18.65 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.68 

(d, J = 9.0 Hz, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.55 (dd, J = 7.5, 1.0 Hz, 1H), 7.37 (d, J 

= 2.0 Hz, 1H), 7.25 – 7.14 (m, 2H), 6.96 – 6.84 (m, 4H), 6.83 (d, J = 8.0 Hz, 1H), 6.74 

(d, J = 2.0 Hz, 1H), 6.61 (dd, J = 8.0, 1.0 Hz, 1H), 6.52 (d, J = 9.0 Hz, 1H), 6.44 (d, J 

= 8.5 Hz, 2H), 4.74 (d, J = 9.0 Hz, 1H), 3.81 (s, 3H), 2.86 (s, 6H); 13C NMR (125 MHz, 

CDCl3) δ 163.7, 148.7, 132.9, 132.0, 131.8, 130.3, 129.0, 127.9, 127.6, 127.5, 127.4(4), 

127.3(9), 127.3(7), 123.5, 122.3, 121.9, 121.7, 119.5, 114.5, 113.3, 111.6, 111.1, 55.6, 

43.2, 40.6; IR (neat): 3132, 2924, 1610, 1517, 1459, 1370, 1264, 1165, 1053, 969; 

HRESIMS Calcd for [C32H27BrN2NaO3S]+ (M + Na+) 621.0818, found 621.0866. 

 

(S)-4-(10-bromo-2-(mesitylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-

N,N-dimethylaniline (2e) 

 

2e 

Compound 2e was prepared in 99% yield (60.5 mg) according to the general procedure. 

Pale yellow solid (mp 120–121 °C). [α]D
25 = -170.9º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.48 min (minor), 11.96 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.65 – 

7.56 (m, 1H), 7.50 (dd, J = 7.6, 1.6 Hz, 1H), 7.23 – 7.11 (m, 3H), 6.91 (s, 2H), 6.89 – 

6.82 (m, 3H), 6.75 (d, J = 2.4 Hz, 1H), 6.63 (dd, J = 8.4, 1.2 Hz, 1H), 6.53 (d, J = 9.2 

Hz, 1H), 6.42 (d, J = 8.8 Hz, 2H), 4.87 (d, J = 9.2 Hz, 1H), 2.84 (s, 6H), 2.46 (s, 6H), 

2.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.8, 144.1, 140.2, 132.6, 132.3, 132.1, 

131.6, 130.8, 127.9, 127.6, 127.4(8), 127.4(5), 127.2, 123.3, 122.5, 121.4, 120.7, 119.6, 



 

115.7, 113.4, 112.4, 111.7, 43.7, 40.6, 22.6, 21.0; IR (neat): 2962, 2925, 1608, 1516, 

1446, 1361, 1261, 1171, 1054, 812; HRESIMS Calcd for [C34H31BrN2NaO2S]+ (M + 

Na+) 633.1182, found 633.1174. 

 

(S)-4-(10-bromo-2-((4-bromophenyl)sulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2f) 

 

2f 

Compound 2f was prepared in 99% yield (64.2 mg) according to the general procedure. 

Pale yellow solid (mp 194–195 °C). [α]D
25 = -156.1º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.35 min (minor), 10.56 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.59 

(d, J = 8.0 Hz, 1H), 7.56 – 7.46 (m, 5H), 7.36 (d, J = 2.0 Hz, 1H), 7.24 – 7.16 (m, 2H), 

6.87 – 6.80 (m, 3H), 6.74 (d, J = 2.2 Hz, 1H), 6.61 (dd, J = 8.5, 1.0 Hz, 1H), 6.52 (d, J 

= 9.0 Hz, 1H), 6.42 (d, J = 9.0 Hz, 2H), 4.76 (d, J = 9.0 Hz, 1H), 2.86 (s, 6H); 13C NMR 

(125 MHz, CDCl3) δ 148.7, 137.6, 133.9, 132.6, 132.1, 131.9, 131.7, 128.9, 128.0, 

127.7, 127.6, 127.5, 127.3, 127.0, 123.6, 122.6, 122.4, 121.8, 119.8, 113.4, 113.2, 111.5, 

111.3, 43.2, 40.5; IR (neat): 3128, 2925, 1610, 1516, 1456, 1375, 1265, 1175, 1053, 

813; HRESIMS Calcd for [C31H24Br2N2NaO2S]+ (M + Na+) 668.9817, found 668.9850. 

 

(S)-4-(10-fluoro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-

N,N-dimethylaniline (2g) 

 



 

2g 

Compound 2g was prepared in 86% yield (38.4 mg) according to the general procedure. 

Pale yellow solid (mp 147–148 °C). [α]D
25 = -92.7º (c = 1.0, CHCl3). 97% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.17 min (minor), 8.63 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.75 – 

7.61 (m, 1H), 7.61 – 7.49 (m, 1H), 7.38 (d, J = 2.0 Hz, 1H), 7.30 – 7.24 (m, 1H), 7.24 

– 7.16 (m, 1H), 7.08 (dd, J = 8.4, 5.6 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 6.77 (d, J = 2.4 

Hz, 1H), 6.42 (d, J = 8.8 Hz, 2H), 6.39 – 6.29 (m, 1H), 6.18 (ddd, J = 15.2, 8.4, 2.4 Hz, 

1H), 5.28 (dd, J = 9.6, 5.6 Hz, 1H), 3.08 (s, 3H), 2.83 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ 161.0 (d, J = 246.0 Hz), 148.7, 133.3, 132.6, 131.8, 127.7, 127.6, 127.3(0), 

127.2(6), 126.9, 123.4, 121.9, 120.0 (d, J = 11.0 Hz), 118.9, 118.2 (d, J = 13.0 Hz), 

116.2 (d, J = 3.0 Hz), 116.0 (d, J = 31.0 Hz), 113.6 (d, J = 28.0 Hz), 113.0, 111.4, 44.5, 

42.7, 40.5; 19F NMR (376 MHz, CDCl3) δ -104.7 – -105.4 (m); IR (neat): 2958, 2926, 

1610, 1518, 1418, 1365, 1261, 1147, 1055, 984; HRESIMS Calcd for 

[C26H23FKN2O2S]+ (M + K+) 485.1096, found 485.1080. 

 

(S)-4-(10-chloro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-

N,N-dimethylaniline (2h) 

 

2h 

Compound 2h was prepared in 89% yield (41.2 mg) according to the general procedure. 

Pale yellow solid (mp 142–143 °C). [α]D
25 = -249.2º (c = 1.0, CHCl3). 93% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.14 min (minor), 8.65 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.67 – 

7.56 (m, 2H), 7.39 (d, J = 2.5 Hz, 1H), 7.29 – 7.24 (m, 2H), 6.97 – 6.89 (m, 3H), 6.72 

(d, J = 2.0 Hz, 1H), 6.45 (d, J = 9.0 Hz, 2H), 6.42 – 6.35 (m, 2H), 4.80 (d, J = 9.0 Hz, 

1H), 3.08 (s, 3H), 2.85 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 148.7, 132.8, 132.7, 



 

132.1, 131.4, 128.8, 127.9, 127.8, 127.7, 127.6, 127.0, 124.8, 123.4, 121.7, 121.6, 119.0, 

113.2, 111.5, 108.1, 42.7, 42.4, 40.5; IR (neat): 3025, 2924, 1610, 1516, 1364, 1172, 

1055, 984, 894; HRESIMS Calcd for [C26H23ClN2NaO2S]+ (M + Na+) 485.1061, found 

485.1053. 

 

(S)-4-(9-fluoro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-N,N-

dimethylaniline (2i) 

 

2i 

Compound 2i was prepared in 50% yield (22.3 mg) according to the general procedure. 

Pale yellow solid (mp 195–196 °C). [α]D
25 = -135.7º (c = 1.0, CHCl3). 98% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.21 min (minor), 10.99 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.68 

(d, J = 8.0 Hz, 1H), 7.56 – 7.52 (m, 1H), 7.32 (d, J = 2.4 Hz, 1H), 7.27 – 7.19 (m, 2H), 

6.94 (d, J = 11.2 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.72 (d, J = 2.4 Hz, 1H), 6.39 – 6.33 

(m, 3H), 6.12 – 6.03 (m, 1H), 5.04 (d, J = 9.2 Hz, 1H), 3.03 (s, 3H), 2.78 (s, 6H); 13C 

NMR (100 MHz, CDCl3) δ 162.0 (d, J = 241.0 Hz), 148.7, 133.5, 132.8, 130.8 (d, J = 

2.0 Hz), 128.7, 127.8, 127.6 (d, J = 11.0 Hz), 127.4, 123.5, 123.3, 121.8, 121.6 (d, J = 

13.0 Hz), 118.8, 115.7 113.1, 112.8, 112.4 (d, J = 8.0 Hz), 112.1, 111.5, 45.0, 42.8, 

40.6; 19F NMR (376 MHz, CDCl3) δ -101.0 – -101.2 (m); IR (neat): 2927, 2852, 1608, 

1517, 1445, 1363, 1222, 1172, 1051, 985; HRESIMS Calcd for [C26H23FN2NaO2S]+ 

(M + Na+) 469.1356, found 469.1350. 

 



 

4-((3bS,3cS,7aR)-4-fluoro-2-(methylsulfonyl)-2H-

benzo[e]benzo[1,3]cyclopropa[1,2-g]isoindol-3b(3cH)-yl)-N,N-dimethylaniline 

(2i) 

 

2i 

Compound 2i was prepared in 49% yield (21.9 mg) according to the general procedure. 

Pale yellow solid (mp 86–87 °C). [α]D
25 = -45.3º (c = 1.0, CHCl3). 98% ee (determined 

by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 

8.68 min (minor), 9.79 min (major)). 1H NMR (600 MHz, CDCl3) δ 7.58 – 7.49 (m, 

1H), 7.41 – 7.36 (m, 1H), 7.35 (d, J = 2.4 Hz, 1H), 7.25 – 7.19 (m, 2H), 6.97 (d, J = 8.4 

Hz, 2H), 6.62 (d, J = 2.4 Hz, 1H), 6.48 (d, J = 8.4 Hz, 2H), 6.22 (d, J = 9.0 Hz, 1H), 

5.97 – 5.86 (m, 1H), 5.62 – 5.46 (m, 1H), 3.05 (s, 3H), 3.01 (d, J = 10.8 Hz, 1H), 2.84 

(s, 6H); 13C NMR (150 MHz, CDCl3) δ 159.4 (d, J = 253.5 Hz), 149.0, 135.0, 130.6, 

130.2, 129.4, 127.6, 127.2, 126.0 (d, J = 9.0 Hz), 125.9, 123.2, 121.4, 121.2 (d, J = 3.0 

Hz), 119.0, 113.6, 111.6, 105.9 (d, J = 24.0 Hz), 67.9, 57.9, 42.8, 40.5, 28.6; 19F NMR 

(376 MHz, CDCl3) δ -107.4 (s); IR (neat): 2926, 1666, 1519, 1479, 1366, 1225, 1173, 

1075, 983, 846; HRESIMS Calcd for [C26H23FN2NaO2S]+ (M + Na+) 469.1356, found 

469.1358. 

 

(S)-10-bromo-2-(methylsulfonyl)-12a-(4-(pyrrolidin-1-yl)phenyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2j) 

 



 

2j 

Compound 2j was prepared in 94% yield (50.1 mg) according to the general procedure. 

Pale yellow solid (mp 156–157 °C). [α]D
25 = -247.4º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.66 min (minor), 9.63 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.67 – 

7.55 (m, 2H), 7.39 (d, J = 2.4 Hz, 1H), 7.30 – 7.25 (m, 1H), 7.24 – 7.20 (m, 1H), 6.89 

(d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.4 Hz, 1H), 6.72 (d, J = 2.4 Hz, 1H), 6.60 (dd, J = 8.0, 

0.8 Hz, 1H), 6.54 (d, J = 8.8 Hz, 1H), 6.28 (d, J = 8.8 Hz, 2H), 4.71 (d, J = 9.2 Hz, 1H), 

3.22 – 3.13 (m, 4H), 3.08 (s, 3H), 1.99 – 1.85 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

146.1, 132.9, 132.1, 131.9, 130.0, 127.9, 127.8, 127.7, 127.6, 127.2, 127.0, 123.4, 122.0, 

121.9, 121.7, 118.9, 113.1, 110.5, 109.8, 108.3, 47.5, 42.8, 42.5, 25.4; IR (neat): 3020, 

2926, 1611, 1516, 1462, 1367, 1246, 1172, 1055, 984; HRESIMS Calcd for 

[C28H25BrKN2O2S]+ (M + K+) 571.0452, found 571.0437. 

 

(S)-N,N-dibenzyl-4-(10-bromo-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)aniline (2k) 

 

2k 

Compound 2k was prepared in 99% yield (65.3 mg) according to the general procedure. 

Pale yellow solid (mp 128–129 °C). [α]D
25 = -200.4º (c = 1.0, CHCl3). 80% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.48 min (minor), 8.29 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.65 – 

7.52 (m, 2H), 7.38 (d, J = 2.4 Hz, 1H), 7.31 – 7.23 (m, 6H), 7.22 – 7.16 (m, 6H), 6.89 

– 6.80 (m, 3H), 6.75 (d, J = 2.0 Hz, 1H), 6.61 (dd, J = 8.4, 1.2 Hz, 1H), 6.53 – 6.38 (m, 

3H), 4.74 (d, J = 9.2 Hz, 1H), 4.51 (dd, J = 28 Hz, 16.8 Hz, 4H), 3.09 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 147.6, 138.7, 132.5, 132.1, 131.9, 131.7, 128.4, 128.0, 127.8, 



 

127.6, 127.2, 127.0, 126.8, 126.7, 123.4, 122.1, 121.8, 121.7, 119.0, 113.1, 111.8, 111.2, 

109.8, 54.2, 42.7(3), 42.7(2); IR (neat): 3133, 2927, 1609, 1452, 1362, 1262, 1174, 

1055, 983; HRESIMS Calcd for [C38H31BrN2NaO2S]+ (M + Na+) 681.1182, found 

681.1175. 

 

(S)-10-bromo-12a-(4-methoxyphenyl)-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2l) 

 

2l 

Compound 2l was prepared in 99% yield (48.9 mg) according to the general procedure 

except in DCM at 20 °C for 33 h. Pale yellow solid (mp 222–223 °C). [α]D
25 = -248.3º 

(c = 1.0, CHCl3). 96% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.96 min (minor), 9.17 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.2 Hz, 1H), 7.60 (dd, J = 7.6, 1.2 Hz, 1H), 7.41 

(d, J = 2.0 Hz, 1H), 7.33 – 7.25 (m, 2H), 6.99 (d, J = 9.2 Hz, 2H), 6.90 (d, J = 8.0 Hz, 

1H), 6.70 (d, J = 2.4 Hz, 1H), 6.67 – 6.59 (m, 3H), 6.56 (d, J = 9.2 Hz, 1H), 4.90 (d, J 

= 9.2 Hz, 1H), 3.72 (s, 3H), 3.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 157.7, 135.8, 

132.4, 132.3, 131.6, 128.2, 127.8, 127.7, 127.6, 127.5, 127.1, 123.5, 122.6, 121.7, 119.0, 

114.1, 113.2, 112.7, 112.2, 55.1, 43.6, 42.8; IR (neat): 3023, 2928, 1606, 1507, 1464, 

1366, 1247, 1171, 1077, 984; HRESIMS Calcd for [C25H20BrNNaO3S]+ (M + Na+) 

516.0239, found 516.0233. 

 

(S)-12a-(4-(benzyloxy)phenyl)-10-bromo-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2m) 



 

 

2m 

Compound 2m was prepared in 86% yield (49.1 mg) according to the general procedure 

except in DCM at 20 °C for 32 h. Pale yellow solid (mp 150–151 °C). [α]D
25 = -211.5 

(c = 1.0, CHCl3). 96% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.91 min (minor), 10.59 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.64 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.46 – 

7.24 (m, 8H), 6.99 (d, J = 7.2 Hz, 2H), 6.90 (d, J = 7.6 Hz, 1H), 6.75 – 6.60 (m, 4H), 

6.56 (d, J = 9.2 Hz, 1H), 4.94 (s, 2H), 4.91 (s, 1H), 3.08 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 157.0, 137.0, 136.2, 132.3, 131.5, 128.5, 128.2, 127.9, 127.8, 127.7, 127.6, 

127.5, 127.1, 123.5, 122.6, 121.6, 119.1, 114.8, 113.6, 113.2, 112.8, 69.9, 43.7, 42.8; 

IR (neat): 3023, 2928, 1606, 1507, 1463, 1366, 1247, 1172, 1055, 984; HRESIMS 

Calcd for [C31H24BrNNaO3S]+ (M + Na+) 592.0552, found 592.0542. 

 

(S)-10-bromo-2-(methylsulfonyl)-12a-(p-tolyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2n) 

 

2n 

Compound 2n was prepared in 88% yield (42.1 mg) according to the general procedure 

except in DCM at 20 °C for 144 h. Pale yellow solid (mp 236–237 °C). [α]D
25 = -253.6º 

(c = 1.0, CHCl3). 93% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.71 min (minor), 7.74 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.4 Hz, 1H), 7.60 (dd, J = 8.0, 1.6 Hz, 1H), 7.40 

(d, J = 2.0 Hz, 1H), 7.33 – 7.24 (m, 2H), 6.98 – 6.90 (m, 3H), 6.86 (d, J = 8.0 Hz, 2H), 



 

6.71 (d, J = 2.0 Hz, 1H), 6.64 (dd, J = 8.0, 1.2 Hz, 1H), 6.57 (d, J = 9.2 Hz, 1H), 5.00 

(d, J = 9.2 Hz, 1H), 3.09 (s, 3H), 2.22 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 140.9, 

135.6, 132.3, 131.4, 128.3, 128.0, 127.7, 127.6, 127.5, 127.2, 126.5, 123.5, 122.8, 121.7, 

121.5, 119.1, 116.6, 114.5, 113.2, 44.5, 42.8, 20.9; IR (neat): 3021, 2926, 1647, 1525, 

1472, 1362, 1262, 1172, 1054, 983; HRESIMS Calcd for [C25H20BrNNaO2S]+ (M + 

Na+) 500.0290, found 500.0274. 

 

(S)-12a-([1,1'-biphenyl]-4-yl)-10-bromo-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2o) 

 

2o 

Compound 2o was prepared in 94% yield (50.8 mg) according to the general procedure 

except in DCM at 20 °C for 242 h. Pale yellow solid (mp 127–128 °C). [α]D
25 = -162.6º 

(c = 1.0, CHCl3). 89% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.74 min (minor), 10.65 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.0 Hz, 1H), 7.61 (dd, J = 7.6, 1.6 Hz, 1H), 7.53 

– 7.48 (m, 2H), 7.42 (d, J = 2.0 Hz, 1H), 7.40 – 7.34 (m, 2H), 7.33 – 7.24 (m, 5H), 7.13 

(d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.0 Hz, 1H), 6.76 (d, J = 2.4 Hz, 1H), 6.68 (dd, J = 7.6, 

1.2 Hz, 1H), 6.61 (d, J = 9.2 Hz, 1H), 5.12 (d, J = 9.2 Hz, 1H), 3.07 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 143.3, 140.5, 138.7, 132.6, 132.0, 131.2, 128.6, 128.4, 127.9, 

127.8, 127.4, 127.2, 127.0, 126.9, 126.8, 125.9, 123.5, 123.1, 121.7, 121.4, 119.2, 118.9, 

116.5, 113.3, 45.2, 42.8; IR (neat): 3027, 2926, 1600, 1485, 1404, 1338, 1264, 1173, 

1055, 984; HRESIMS Calcd for [C30H22BrNNaO2S]+ (M + Na+) 562.0447, found 

562.0445. 

 

(S)-10-bromo-2-(methylsulfonyl)-12a-(4-(methylthio)phenyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2p) 



 

 

2p 

Compound 2p was prepared in 85% yield (43.4 mg) according to the general procedure 

except in DCM at 20 °C for 69 h. Pale yellow solid (mp 149–150 °C). [α]D
25 = -184.9º 

(c = 1.0, CHCl3). 93% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.86 min (minor), 11.53 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.41 (d, 

J = 2.0 Hz, 1H), 7.33 – 7.25 (m, 2H), 7.03 – 6.91 (m, 5H), 6.70 (d, J = 2.4 Hz, 1H), 

6.66 (d, J = 7.6 Hz, 1H), 6.58 (d, J = 9.6 Hz, 1H), 5.03 (d, J = 9.2 Hz, 1H), 3.10 (s, 3H), 

2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 141.0, 135.7, 132.5, 132.0, 131.2, 128.4, 

127.8, 127.5, 127.2, 127.1, 125.5, 123.5, 123.0, 121.6, 121.4, 119.1, 117.5, 115.2, 113.3, 

44.7, 42.9, 15.6; IR (neat): 3020, 2925, 1592, 1524, 1438, 1367, 1262, 1173, 1055, 984; 

HRESIMS Calcd for [C25H20BrNNaO2S2]
+ (M + Na+) 532.0011, found 532.0007. 

 

(S)-12a-(benzo[d][1,3]dioxol-5-yl)-10-bromo-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2q) 

 

2q 

Compound 2q was prepared in 99% yield (50.3 mg) according to the general procedure 

except in DCM at 30 °C for 24 h. Pale yellow solid (mp 222–223 °C). [α]D
25 = -232.2º 

(c = 1.0, CHCl3). 92% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.62 min (minor), 9.81 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.0 Hz, 1H), 7.59 (dd, J = 7.6, 1.2 Hz, 1H), 7.41 

(d, J = 2.4 Hz, 1H), 7.33 – 7.24 (m, 2H), 6.94 (d, J = 8.0 Hz, 1H), 6.75 (d, J = 2.0 Hz, 



 

1H), 6.71 (dd, J = 8.0, 1.2 Hz, 1H), 6.63 – 6.39 (m, 4H), 5.84 (dd, J = 3.6, 1.2 Hz, 2H), 

4.99 (d, J = 9.2 Hz, 1H), 3.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.7, 145.7, 

137.9, 132.4, 132.1, 131.2, 128.3, 127.7, 127.6, 127.5, 127.1, 123.5, 122.9, 121.6, 121.5, 

119.6, 119.0, 116.6, 114.6, 113.3, 107.8, 106.9, 100.8, 45.6, 42.9; IR (neat): 3134, 2923, 

1605, 1503, 1435, 1367, 1238, 1172, 1078, 984; HRESIMS Calcd for 

[C25H18BrKNO4S]+ (M + K+) 545.9771, found 545.9749. 

 

(S)-10-bromo-12a-(3,4-dimethoxyphenyl)-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2r) 

 

2r 

Compound 2r was prepared in 99% yield (51.9 mg) according to the general procedure 

except at in DCM at 20 °C for 50 h. Pale yellow solid (mp 134–135 °C). [α]D
25 = -

168.5º (c = 1.0, CHCl3). 81% ee (determined by HPLC: Chiralpak IE Column, 50/50 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.21 min (minor), 9.75 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 7.2 Hz, 1H), 7.42 (s, 

1H), 7.34 – 7.25 (m, 2H), 6.92 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 6.67 (d, J = 8.8 Hz, 

1H), 6.64 – 6.47 (m, 4H), 4.98 (d, J = 9.2 Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.11 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 147.6, 147.1, 136.4, 132.4, 132.2, 131.3, 128.3, 

127.7, 127.6, 127.1, 123.5, 122.8, 121.6, 121.4, 119.4, 118.9, 116.3, 114.1, 113.2, 110.4, 

110.1, 55.9, 55.6, 44.4, 42.8; IR (neat): 3038, 2928, 1591, 1512, 1464, 1366, 1260, 

1173, 1056, 985; HRESIMS Calcd for [C26H22BrNNaO4S]+ (M + Na+) 546.0345, found 

546.0322. 

 

(S)-10-bromo-2-(methylsulfonyl)-12a-(thiophen-2-yl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2s) 



 

 

2s 

Compound 2s was prepared in 95% yield (44.7 mg) according to the general procedure 

except in DCM at 30 °C for 11 h. Pale yellow solid (mp 198–199 °C). [α]D
25 = -216.5º 

(c = 1.0, CHCl3). 95% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.98 min (minor), 9.46 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.43 (d, 

J = 2.0 Hz, 1H), 7.34 – 7.23 (m, 2H), 6.98 (d, J = 8.0 Hz, 1H), 6.95 – 6.88 (m, 2H), 

6.85 (d, J = 8.0 Hz, 1H), 6.74 – 6.66 (m, 1H), 6.66 – 6.59 (m, 1H), 6.53 (d, J = 9.2 Hz, 

1H), 5.21 (d, J = 9.2 Hz, 1H), 3.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.9, 132.8, 

131.6, 130.5, 128.4, 128.2, 127.8, 127.3, 127.0, 125.2, 125.0, 123.5(4), 123.5(0), 122.6, 

121.8, 121.5, 120.3, 119.2, 118.8, 113.4, 42.9, 42.3; IR (neat): 3132, 2927, 1592, 1525, 

1431, 1367, 1262, 1174, 1055, 985; HRESIMS Calcd for [C22H16BrNNaO2S2]
+ (M + 

Na+) 491.9698, found 491.9683. 

 

(S)-4-(10-bromo-6-fluoro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2t) 

 

2t 

Compound 2t was prepared in 98% yield (51.5 mg) according to the general procedure. 

Pale yellow solid (mp 217–218 °C). [α]D
25 = -212.5º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.07 min (minor), 11.10 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.55 



 

(dd, J = 8.8, 6.0 Hz, 1H), 7.34 (d, J = 2.4 Hz, 1H), 7.30 (dd, J = 11.2, 2.8 Hz, 1H), 7.04 

– 6.95 (m, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.4 Hz, 1H), 6.71 (d, J = 2.0 Hz, 

1H), 6.60 (dd, J = 8.4, 1.2 Hz, 1H), 6.55 (d, J = 9.2 Hz, 1H), 6.45 (d, J = 8.8 Hz, 2H), 

4.72 (d, J = 8.8 Hz, 1H), 3.10 (s, 3H), 2.86 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

162.2 (d, J = 244.0 Hz), 148.8, 134.3 (d, J = 7.0 Hz), 132.3, 131.8, 130.8, 127.7, 127.4, 

125.1 (d, J = 8.0 Hz), 123.3 (d, J = 3.0 Hz), 122.6, 122.4, 121.0, 119.0, 115.5 (d, J = 

23.0 Hz), 113.8 (d, J = 23.0 Hz), 112.7 (d, J = 1.0 Hz), 111.5, 108.8 (d, J = 3.0 Hz), 

108.5, 42.8, 42.2, 40.5; 19F NMR (376 MHz, CDCl3) δ -113.5 – -113.8 (m); IR (neat): 

3133, 2924, 1614, 1516, 1475, 1362, 1262, 1171, 1075, 985; HRESIMS Calcd for 

[C26H22BrFN2NaO2S]+ (M + Na+) 547.0462, found 547.0461. 

 

(S)-4-(10-bromo-6-chloro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2u) 

 

2u 

Compound 2u was prepared in 91% yield (49.3 mg) according to the general procedure. 

Pale yellow solid (mp 143–144 °C). [α]D
25 = -172.5º (c = 1.0, CHCl3). 90% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.60 min (minor), 12.08 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.58 

(d, J = 2.0 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.37 (d, J = 2.0 Hz, 1H), 7.25 – 7.22 (m, 

1H), 6.89 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.4 Hz, 1H), 6.71 (d, J = 2.4 Hz, 1H), 6.58 

(dd, J = 8.4, 1.2 Hz, 1H), 6.54 (d, J = 8.9 Hz, 1H), 6.46 (d, J = 8.8 Hz, 2H), 4.61 (d, J 

= 8.8 Hz, 1H), 3.10 (s, 3H), 2.87 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 148.8, 134.0, 

133.2, 132.3, 131.8, 128.0, 127.9, 127.7, 127.2, 125.5, 124.7, 122.6, 122.4, 120.8, 119.1, 

113.3, 111.6, 105.8, 42.9, 41.7, 40.5; IR (neat): 3135, 2925, 1611, 1517, 1464, 1367, 



 

1262, 1126, 1045, 949; HRESIMS Calcd for [C26H22BrClN2NaO2S]+ (M + Na+) 

563.0166, found 563.0148. 

 

(S)-4-(10-bromo-6-methoxy-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2v) 

 

2v 

Compound 2v was prepared in 97% yield (52.1 mg) according to the general procedure. 

Pale yellow solid (mp 153–154 °C). [α]D
25 = -219.9º (c = 1.0, CHCl3). 90% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 14.01 min (minor), 21.20 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.52 

(d, J = 8.4 Hz, 1H), 7.30 (d, J = 2.0 Hz, 1H), 7.11 (d, J = 2.4 Hz, 1H), 6.93 – 6.85 (m, 

3H), 6.80 (d, J = 8.0 Hz, 1H), 6.69 (d, J = 2.0 Hz, 1H), 6.58 (dd, J = 8.0, 1.2 Hz, 1H), 

6.54 (d, J = 8.9 Hz, 1H), 6.46 (d, J = 8.9 Hz, 2H), 4.66 (d, J = 8.9 Hz, 1H), 3.85 (s, 3H), 

3.08 (s, 3H), 2.86 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.1, 148.7, 133.6, 132.4, 

131.8, 131.1, 127.9, 127.2, 124.8, 122.2, 122.0, 121.7, 120.3, 118.9, 115.0, 112.0(4), 

111.9(8), 111.5, 108.0, 106.9, 55.4, 42.7, 42.1, 40.5; IR (neat): 3133, 2925, 1612, 1517, 

1479, 1366, 1260, 1170, 1075, 984; HRESIMS Calcd for [C27H25BrN2NaO3S]+ (M + 

Na+) 559.0661, found 559.0649. 

 

(S)-4-(10-bromo-5-chloro-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2w) 

 



 

2w 

Compound 2w was prepared in 99% yield (53.6 mg) according to the general procedure. 

Pale yellow solid (mp 160–161 °C). [α]D
25 = -200.6º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.78 min (minor), 11.5 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.61 – 

7.49 (m, 2H), 7.39 (d, J = 2.0 Hz, 1H), 7.19 (dd, J = 8.8, 2.4 Hz, 1H), 6.88 (d, J = 8.8 

Hz, 2H), 6.81 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 2.4 Hz, 1H), 6.61 (dd, J = 8.0, 1.2 Hz, 

1H), 6.55 (d, J = 8.8 Hz, 1H), 6.45 (d, J = 8.8 Hz, 2H), 4.80 (d, J = 9.2 Hz, 1H), 3.11 

(s, 3H), 2.86 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 148.8, 134.0, 132.7, 132.0, 131.2, 

130.4, 129.1, 128.7, 127.6, 127.5, 123.2, 122.6, 121.8, 120.7, 119.1, 113.6, 111.5, 110.7, 

42.9, 40.5; IR (neat): 3137, 2926, 1611, 1516, 1472, 1367, 1262, 1172, 1020, 984; 

HRESIMS Calcd for [C26H22BrClN2NaO2S]+ (M + Na+) 563.0166, found 563.0150. 

 

(S)-4-(10-bromo-5-methyl-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2x) 

 

2x 

Compound 2x was prepared in 99% yield (51.6 mg) according to the general procedure. 

Pale yellow solid (mp 156–157 °C). [α]D
25 = -162.3º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.67 min (minor), 11.41 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.56 

(d, J = 8.4 Hz, 1H), 7.40 (d, J = 11.6 Hz, 2H), 7.25 (d, J = 1.6 Hz, 1H), 7.06 (d, J = 8.0 

Hz, 1H), 6.94 – 6.82 (m, 2H), 6.75 – 6.68 (m, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.54 (d, J 

= 9.6 Hz, 1H), 6.44 (d, J = 7.6 Hz, 2H), 4.96 (d, J = 9.2 Hz, 1H), 3.09 (s, 3H), 2.85 (s, 

6H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.7, 138.1, 133.3, 132.3, 132.0, 

129.1, 128.8, 127.6, 127.5, 127.3, 127.1, 123.9, 122.2, 121.8, 120.7, 118.9, 117.2, 114.8, 

113.0, 111.5, 44.1, 42.8, 40.5, 21.1; IR (neat): 3133, 2921, 1614, 1517, 1445, 1367, 



 

1262, 1172, 1050, 983; HRESIMS Calcd for [C27H25BrKN2O2S]+ (M + K+) 559.0452, 

found 559.0444. 

 

(S)-4-(10-bromo-5-methoxy-2-(methylsulfonyl)benzo[e]cyclohepta[g]isoindol-

12a(2H)-yl)-N,N-dimethylaniline (2y) 

 

2y 

Compound 2y was prepared in 98% yield (52.7mg) according to the general procedure. 

Pale yellow solid (mp 148–149 °C). [α]D
25 = -101.4º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 40/60 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.93 min (minor), 10.65 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.63 

(d, J = 9.2 Hz, 1H), 7.38 (d, J = 2.4 Hz, 1H), 7.06 (d, J = 2.8 Hz, 1H), 6.90 (d, J = 8.8 

Hz, 2H), 6.85 – 6.78 (m, 2H), 6.74 (d, J = 2.0 Hz, 1H), 6.68 (dd, J = 8.0, 1.2 Hz, 1H), 

6.55 (dd, J = 9.6, 0.4 Hz, 1H), 6.43 (d, J = 8.8 Hz, 2H), 5.12 (d, J = 9.6 Hz, 1H), 3.87 

(s, 3H), 3.10 (s, 3H), 2.85 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.6, 148.6, 133.6, 

132.5(4), 132.4(9), 129.1, 128.7, 127.8, 127.0, 124.6, 122.1, 122.0, 121.8, 119.4, 118.9, 

118.8, 114.9, 113.1, 111.5, 107.0, 55.4, 45.2, 42.7, 40.5; IR (neat): 3130, 2921, 1609, 

1516, 1491, 1364, 1230, 1172, 1075, 985; HRESIMS Calcd for [C27H25BrKN2O3S]+ 

(M + K+) 575.0401, found 575.0389. 

 

 (S)-12a-(4-methoxyphenyl)-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2z) 

 



 

2z 

Compound 2z was prepared in 98% yield (40.7 mg) according to the general procedure 

except in DCM at 30 °C for 10 h. Pale yellow solid (mp 144–145 °C). [α]D
25 = -201.9º 

(c = 1.0, CHCl3). 91% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.50 min (minor), 11.28 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.69 – 7.54 (m, 2H), 7.40 (d, J = 2.0 Hz, 1H), 7.31 – 7.24 

(m, 2H), 7.05 – 6.92 (m, 3H), 6.71 (d, J = 2.0 Hz, 1H), 6.58 (d, J = 8.8 Hz, 2H), 6.46 – 

6.38 (m, 1H), 6.37 – 6.23 (m, 2H), 4.70 (d, J = 8.8 Hz, 1H), 3.70 (s, 3H), 3.08 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 157.4, 135.7, 133.0, 132.8, 128.9, 128.8, 128.0, 127.8, 

127.6, 126.7, 124.9, 123.3, 122.1, 121.9, 118.9, 113.2, 112.3, 105.2, 104.1, 55.0, 42.7, 

41.3; IR (neat): 3022, 2927, 1606, 1507, 1441, 1366, 1245, 1172, 1077, 949; HRESIMS 

Calcd for [C25H21KNO3S]+ (M + K+) 454.0874, found 454.0885. 

 

(S)-12a-(4-methoxyphenyl)-10-methyl-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2aa) 

 

2aa 

Compound 2aa was prepared in 99% yield (42.5 mg) according to the general 

procedure except in DCM at 30 °C for 8 h. Pale white solid (mp 100–101 °C). [α]D
25 = 

-176.1º (c = 1.0, CHCl3). 83% ee (determined by HPLC: Chiralpak IE Column, 20/80 

i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.21 min (minor), 12.92 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.66 – 7.60 (m, 1H), 7.60 – 7.53 (m, 1H), 7.38 (d, J = 2.4 

Hz, 1H), 7.25 – 7.19 (m, 2H), 7.01 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 7.6 Hz, 1H), 6.67 

(d, J = 2.4 Hz, 1H), 6.58 (d, J = 8.8 Hz, 2H), 6.16 (d, J = 8.8 Hz, 1H), 6.08 (d, J = 8.0 

Hz, 1H), 4.57 (d, J = 8.8 Hz, 1H), 3.71 (s, 3H), 3.08 (s, 3 H), 1.84 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 157.4, 136.9, 136.3, 133.2, 133.1, 128.6, 128.4, 127.5, 127.2, 



 

126.5, 125.3, 123.3, 122.4, 122.1, 118.8, 113.1, 112.3, 101.7, 55.0, 42.7, 40.7, 22.6; IR 

(neat): 3018, 2923, 1606, 1507, 1464, 1366, 1246, 1172, 1077, 984; HRESIMS Calcd 

for [C26H23NNaO3S]+ (M + Na+) 452.1291, found 452.1287. 

 

(S)-4-(10-bromo-2-(methylsulfonyl)-4,5,6,7-

tetrahydrobenzo[e]cyclohepta[g]isoindol-12a(2H)-yl)-N,N-dimethylaniline (2ab) 

 

2ab  

Compound 2ab was prepared in 85% yield (43.5 mg) according to the general 

procedure. Pale yellow solid (mp 138–139 °C). [α]D
25 = -482.8º (c = 1.0, CHCl3). 96% 

ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 

254 nm; TR = 8.16 min (minor), 9.21 min (major)). 1H NMR (400 MHz, CDCl3) δ 6.94 

(d, J = 2.0 Hz, 1H), 6.91 (d, J = 9.2 Hz, 2H), 6.71 (d, J = 2.4 Hz, 1H), 6.68 (dd, J = 7.6, 

1.2 Hz, 1H), 6.51 (dd, J = 10.0, 0.8 Hz, 1H), 6.44 (d, J = 8.8 Hz, 2H), 6.35 (d, J = 8.0 

Hz, 1H), 5.49 (d, J = 10.4 Hz, 1H), 3.05 (s, 3H), 2.85 (s, 6H), 2.63 – 2.54 (m, 1H), 2.54 

– 2.39 (m, 2H), 2.37 – 2.23 (m, 1H), 1.91 – 1.82 (m, 1H), 1.83 – 1.71 (m, 3H); 13C 

NMR (100 MHz, CDCl3) δ 148.7, 137.6, 134.1, 133.5, 133.1, 128.6, 128.3, 128.2, 127.7, 

126.3, 124.6, 121.8, 119.6, 118.1, 112.6, 111.5, 47.6, 42.6, 40.6, 27.1, 26.6, 23.2, 21.7. 

IR (neat): 3133, 2924, 1608, 1516, 1447, 1366, 1261, 1169, 1066, 983; HRESIMS 

Calcd for [C26H27BrN2NaO2S]+ (M + Na+) 533.0869, found 533.0861. 

 

(S)-10-bromo-2-(methylsulfonyl)-12a-phenyl-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2ac) 



 

 

2ac 

Compound 2ac was prepared in 79% yield (36.7 mg) according to the general procedure 

except in DCM at 50 °C for 40 h. Pale yellow solid (mp 152–153 °C). [α]D
25 = -3.2º (c 

= 1.0, CHCl3). 2% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.97 min (minor), 6.81 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 1H), 7.60 (dd, J = 7.6, 1.2 Hz, 1H), 7.41 

(d, J = 2.4 Hz, 1H), 7.33 – 7.25 (m, 2H), 7.15 – 7.04 (m, 5H), 6.95 (d, J = 8.0 Hz, 1H), 

6.71 (d, J = 2.4 Hz, 1H), 6.64 (dd, J = 8.0, 0.8 Hz, 1H), 6.58 (d, J = 9.6 Hz, 1H), 5.06 

(d, J = 9.2 Hz, 1H), 3.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.1, 132.4, 132.1, 

131.3, 128.3, 127.8, 127.7, 127.4, 127.3, 127.2, 126.6, 126.2, 123.5, 123.0, 121.7, 121.5, 

119.2, 117.7, 115.5, 113.3, 45.1, 42.8; IR (neat): 3022, 2925, 1596, 1527, 1446, 1366, 

1261, 1173, 1054, 984; HRESIMS Calcd for [C24H18BrKNO2S]+ (M + K+) 501.9873, 

found 501.9850. 

 

 (S)-10-bromo-12a-(4-chlorophenyl)-2-(methylsulfonyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (2ad) 

 

2ad 

Compound 2ad was prepared in 93% yield (46.4 mg) according to the general 

procedure except in DCM at 50 °C for 40 h. Pale yellow solid (mp 146–147 °C). [α]D
25 

= -29.3º (c = 1.0, CHCl3). 7% ee (determined by HPLC: Chiralpak IE Column, 30/70 

i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.97 min (minor), 7.03 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.71 – 7.64 (m, 1H), 7.60 (dd, J = 7.6, 1.2 Hz, 1H), 7.42 (d, 



 

J = 2.4 Hz, 1H), 7.35 – 7.26 (m, 2H), 7.06 – 7.00 (m, 4H), 6.97 (d, J = 8.0 Hz, 1H), 

6.72 – 6.64 (m, 2H), 6.59 (d, J = 9.6 Hz, 1H), 5.10 (d, J = 9.2 Hz, 1H), 3.11 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 142.9, 132.8, 131.8, 131.7, 131.0, 128.6, 128.0, 127.9, 127.6, 

127.5, 127.2, 123.6, 123.3, 121.6, 121.4, 119.4, 119.2, 116.8, 113.5, 45.2, 43.0; IR 

(neat): 2960, 2927, 1603, 1524, 1487, 1367, 1264, 1173, 1015, 949; HRESIMS Calcd 

for [C24H17BrClKNO2S]+ (M + K+) 535.9483, found 535.9483 

 

N-(7-bromophenanthren-9-yl)-N-(3-cyclohexylprop-2-yn-1-

yl)methanesulfonamide (2ae) 

 

2ae 

Compound 2ae was prepared in 69% yield (32.6 mg) according to the general 

procedure in DCM at 50 °C for 9 d. Pale yellow solid (mp 191–192 °C). 1H NMR (500 

MHz, CDCl3) δ 8.62 (d, J = 8.0 Hz, 1H), 8.55 (d, J = 9.0 Hz, 1H), 8.43 (d, J = 2.0 Hz, 

1H), 8.08 (s, 1H), 7.89 – 7.85 (m, 1H), 7.78 (dd, J = 8.5, 2.0 Hz, 1H), 7.75 – 7.70 (m, 

1H), 7.68 – 7.61 (m, 1H), 4.84 (dd, J = 18.0, 2.0 Hz, 1H), 4.19 (dd, J = 18.0, 2.0 Hz, 

1H), 3.27 (s, 3H), 2.50 – 2.34 (m, 1H), 1.84 – 1.74 (m, 2H), 1.73 – 1.63 (m, 2H), 1.56 

– 1.47 (m, 1H), 1.47 – 1.36 (m, 2H), 1.35 – 1.23 (m, 3H); 13C NMR (100 MHz, CDCl3) 

δ 133.9, 132.2, 130.9, 130.7, 130.3, 130.2, 129.0, 128.8, 128.2, 127.4, 126.8, 124.7, 

122.6, 122.0, 91.2, 74.6, 42.0, 39.7, 32.4, 29.0, 25.7, 24.7; IR (neat): 2929, 2853, 1593, 

1483, 1346, 1265, 1155, 1071, 952, 775; HRESIMS Calcd for [C24H24BrKNO2S]+ (M 

+ K+) 508.0343, found 508.0342. 

 

(S)-4-(6-bromo-10-(methylsulfonyl)cyclohepta[e]furo[3,2-g]isoindol-8a(10H)-yl)-

N,N-dimethylaniline (2af) 



 

 

2af 

Compound 2af was prepared in 70% yield (35.9 mg) according to the general procedure 

except in THF (12 h). Pale yellow solid (mp 221–222 °C). [α]D
25 = 130.3º (c = 1.0, 

CHCl3). 40% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 

1.0 mL/min, 254 nm; TR = 10.60 min (major), 13.63 min (minor)). 1H NMR (400 MHz, 

CDCl3) δ 7.38 (d, J = 2.0 Hz, 1H), 7.16 (d, J = 2.4 Hz, 1H), 6.96 (d, J = 8.8 Hz, 2H), 

6.80 (d, J = 2.0 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.63 (d, J = 2.0 Hz, 1H), 6.55 (d, J = 

10.4 Hz, 1H), 6.49 – 6.41 (m, 3H), 5.53 (d, J = 10.4 Hz, 1H), 3.08 (s, 3H), 2.85 (s, 6H); 

13C NMR (100 MHz, CDCl3) δ 148.9, 145.8, 142.9, 136.1, 132.5, 132.3, 131.8, 129.0, 

127.6, 126.4, 122.1, 120.6, 119.2, 118.5, 115.1, 111.6, 110.2, 107.8, 48.6, 42.7, 40.5; 

IR (neat): 2923, 2853, 1609, 1516, 1365, 1320, 1170, 1144, 1073, 998; HRESIMS 

Calcd for [C24H21BrKN2O3S]+ (M + K+) 535.0088, found 535.0087. 

 

(S)-4-(6-bromo-10-(methylsulfonyl)cyclohepta[e]thieno[3,2-g]isoindol-8a(10H)-

yl)-N,N-dimethylaniline (2ag) 

 

2ag 

Compound 2ag was prepared in 96% yield (49.1 mg) according to the general 

procedure in THF. Pale yellow solid (mp 211–212 °C). [α]D
25 = 273.4º (c = 1.0, CHCl3). 

53% ee (determined by HPLC: Chiralpak IG Column, 30/70 i-PrOH/hexane, 1.0 

mL/min, 254 nm; TR = 9.07 min (major), 9.99 min (minor)). 1H NMR (400 MHz, 



 

CDCl3) δ 7.26 (d, J = 5.6 Hz, 1H), 7.15 (d, J = 2.4 Hz, 1H), 7.13 (d, J = 5.6 Hz, 1H), 

6.94 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 2.0 Hz, 1H), 6.70 (s, 2H), 6.55 (d, J = 10.4 Hz, 

1H), 6.43 (d, J = 8.8 Hz, 2H), 5.50 (d, J = 10.0 Hz, 1H), 3.06 (s, 3H), 2.83 (s, 6H); 13C 

NMR (100 MHz, CDCl3) δ 148.8, 135.3, 134.5, 132.6, 132.5, 131.3, 130.2, 128.7, 127.6, 

126.4, 125.2, 123.4, 122.7, 119.8, 118.8, 118.7, 111.6, 111.5, 47.8, 42.7, 40.4; IR (neat): 

2924, 2854, 1609, 1517, 1455, 1363, 1262, 1172, 1065, 948; HRESIMS Calcd for 

[C24H21BrN2NaO2S2]
+ (M + Na+) 535.0120, found 535.0117. 

 

(R)-4-(8-bromo-2-(methylsulfonyl)-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)-

N,N-dimethylaniline (2ah) 

 

2ah 

Compound 2ah was prepared in 41% yield (18.9 mg) according to the general 

procedure employing L25 as chiral ligand in 10 °C for 32 h. Pale yellow solid (mp 190–

191 °C). [α]D
25 = -57.9º (c = 1.0, CHCl3). 45% ee (determined by HPLC: Chiralpak IA 

Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.05 min (minor), 8.72 min 

(major)). 1H NMR (400 MHz, CDCl3) δ 6.94 (d, J = 8.8 Hz, 2H), 6.81 (s, 1H), 6.50 (s, 

1H), 6.48 (d, J = 6.8 Hz, 2H), 6.40 (s, 1H), 6.38 (s, 1H), 6.14 (d, J = 8.0 Hz, 1H), 4.79 

(d, J = 9.6 Hz, 1H), 3.00 (s, 3H), 2.87 (s, 6H), 2.83 – 2.73 (m, 1H), 2.73 – 2.62 (m, 2H), 

2.50 – 2.38 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 148.8, 135.5, 130.8, 130.0, 128.1, 

127.6, 124.4, 124.0, 121.3, 120.7, 117.4, 114.8, 112.3, 111.4, 42.7, 42.5, 40.5, 33.5, 

21.5; IR (neat): 3121, 2919, 1610, 1518, 1446, 1362, 1287, 1170, 1107, 1063; 

HRESIMS Calcd for [C22H23BrN2NaO2S]+ (M + Na+) 481.0556, found 481.0549. 

 

(R)-4-(8-fluoro-2-(methylsulfonyl)-4,5-dihydrocyclohepta[e]isoindol-10a(2H)-yl)-

N,N-dimethylaniline (2ai) 



 

 

2ai 

Compound 2ai was prepared in 42% yield (16.8 mg) according to the general procedure 

employing L25 as chiral ligand at 5 °C for 32 h. Pale yellow solid (mp 210–211 °C). 

[α]D
25 = -9.4º (c = 1.0, CHCl3). 52% ee (determined by HPLC: Chiralpak IA Column, 

10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.36 min (minor), 9.11 min (major)). 

1H NMR (500 MHz, CDCl3) δ 6.99 (d, J = 9.0 Hz, 2H), 6.81 (s, 1H), 6.57 (d, J = 2.0 

Hz, 1H), 6.47 (d, J = 9.0 Hz, 2H), 6.34 – 6.25 (m, 1H), 6.25 – 6.15 (m, 1H), 5.99 – 5.87 

(m, 1H), 5.21 (dd, J = 10.0, 5.5 Hz, 1H), 3.01 (s, 3H), 2.86 (s, 6H), 2.83 – 2.70 (m, 3H), 

2.50 – 2.29 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 160.7 (d, J = 242.5 Hz), 148.7, 

136.1, 131.1, 127.8 , 125.0(3), 124.9(7), 121.5 (d, J = 10.0 Hz), 120.4 (d, J = 12.5 Hz), 

117.3, 116.7 (d, J = 32.5 Hz), 114.7, 111.6 (d, J = 26.3 Hz), 111.3, 44.6, 42.5, 40.4, 

34.3, 22.1; 19F NMR (376 MHz, CDCl3) δ -107.05 – -107.29 (m); IR (neat): 2936, 2818, 

1611, 1518, 1416, 1364, 1221, 1161, 1063, 1004; HRESIMS Calcd for 

[C22H23FN2NaO2S]+ (M + Na+) 421.1356, found 421.1346. 

 

4.2. General Procedure for Synthesis of Chiral Tetracyclopropanes 4 

 

To an oven-dried Schlenk tube with a stir bar were sequentially added Cu(MeCN)4PF6 

(0.015 mmol, 5.7 mg), L12 (0.018 mmol, 15.0 mg) and NaBArF
4 (0.0018 mmol, 16.2 

mg, white crystal) under argon atmosphere. After injecting 2-MeTHF (1.5 mL) into the 



 

Schlenk tube, the mixture was stirred at 25 °C for 2 h. Then the mixture reaction was 

cooled to 0 °C, and N-propargyl ynamide 3 (0.15 mmol) in 2-MeTHF (1.5 mL) was 

added into the reaction mixture dropwise. The progress of the reaction was monitored 

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

pressure and purified by column chromatography on silica gel (eluent: PE/EtOAc) to 

afford the desired chiral benzonorcaradiene 4. 

 

(3bS,3cS,9aR)-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-dihydro-

2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4a) 

 

4a 

Compound 4a was prepared in 95% yield (71.9 mg) according to the general procedure. 

Pale yellow solid (mp 266–267 °C). [α]D
25 = -514.5º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.78 min (major), 11.86 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.63 

(d, J = 6.8 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.38 – 7.30 (m, 2H), 7.30 – 7.19 (m, 3H), 

7.13 – 7.03 (m, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.83 (dd, J = 8.4, 1.6 Hz, 1H), 6.57 (d, J 

= 2.0 Hz, 1H), 6.55 (dd, J = 8.4, 1.6 Hz, 1H), 6.39 – 6.29 (m, 2H), 6.21 (d, J = 10.0 Hz, 

1H), 6.05 (dd, J = 8.3, 2.0 Hz, 1H), 3.22 – 3.10 (m, 4H), 3.07 (s, 3H), 2.62 (s, 1H), 1.98 

– 1.81 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.0, 137.9, 133.3, 132.1, 131.4, 131.3, 

131.2, 129.9, 128.9, 127.5, 127.4(0), 127.3(7), 127.3, 126.1, 126.0, 125.9, 125.3, 124.0, 

123.1, 121.6, 118.7, 113.7, 111.6, 109.6, 47.4, 42.7, 41.5, 37.3, 27.9, 25.4; IR (neat): 

2928, 2855, 1608, 1521, 1461, 1362, 1246, 1165, 1056; HRESIMS Calcd for 

[C32H28KN2O2S]+ (M + K+) 543.1503, found 543.1518. 

 



 

 (3bS,3cS,9aR)-3b-(4-(pyrrolidin-1-yl)phenyl)-2-tosyl-3b,3c-dihydro-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4b) 

 

4b 

Compound 4b was prepared in 73% yield (63.6 mg) according to the general procedure. 

Pale yellow solid (mp 175–176 °C). [α]D
25 = -408.7º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 10.96 min (major), 12.24 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.68 

(d, J = 8.4 Hz, 2H), 7.59 (d, J = 6.8 Hz, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.36 – 7.21 (m, 

5H), 7.21 – 7.14 (m, 2H), 7.11 – 7.03 (m, 1H), 6.88 (d, J = 7.6 Hz, 1H), 6.76 (d, J = 8.0 

Hz, 1H), 6.62 (d, J = 2.4 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 6.34 (dd, J = 8.4, 1.6 Hz, 

1H), 6.30 (d, J = 10.0 Hz, 1H), 6.15 (d, J = 9.6 Hz, 1H), 6.03 (d, J = 8.0 Hz, 1H), 3.34 

– 2.86 (m, 4H), 2.56 (s, 1H), 2.36 (s, 3H), 2.02 – 1.77 (m, 4H); 13C NMR (100 MHz, 

CDCl3) δ 146.0, 144.8, 137.8, 136.0, 133.3, 132.2, 131.4, 131.3, 131.1, 129.9, 128.9, 

127.4, 127.2, 126.8, 126.0, 125.4, 124.1, 123.0, 121.9, 119.1, 113.9, 111.7, 109.5, 47.4, 

41.4, 37.4, 28.0, 25.4, 21.6; IR (neat): 2963, 2926, 1613, 1526, 1461, 1332, 1261, 1147, 

1066, 965; HRESIMS Calcd for [C38H32N2NaO2S]+ (M + Na+) 603.2077, found 

603.2072. 

 

(3bS,3cS,9aR)-2-(phenylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-dihydro-

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



 

 

4c 

Compound 4c was prepared in 98% yield (83.3 mg) according to the general procedure. 

Pale yellow solid (mp 186–187 °C). [α]D
25 = -486.1º (c = 1.0, CHCl3). 90% ee 

(determined by HPLC: Chiralpak IE Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.96 min (minor), 12.03 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.80 (d, 

J = 7.6 Hz, 2H), 7.61 (d, J = 6.8 Hz, 1H), 7.58 – 7.52 (m, 1H), 7.50 (d, J = 2.0 Hz, 1H), 

7.48 – 7.40 (m, 2H), 7.37 – 7.23 (m, 3H), 7.20 – 7.16 (m, 2H), 7.14 – 7.05 (m, 1H), 

6.89 (d, J = 7.6 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.63 (d, J = 1.6 Hz, 1H), 6.58 – 6.46 

(m, 1H), 6.42 – 6.26 (m, 2H), 6.16 (d,  J = 10.0 Hz, 1H), 6.09 – 5.89 (m, 1H), 3.29 – 

3.06 (m, 4H), 2.56 (s, 1H), 2.00 – 1.83 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.0, 

139.0, 137.9, 133.7, 133.3, 132.1, 131.4, 131.3, 129.9, 129.3, 128.9, 127.3(9), 127.3(4), 

127.2(9), 127.2(5), 126.8, 126.0(1), 126.0(0), 125.9, 125.3, 124.0, 123.1, 122.1, 119.2, 

114.0, 111.7, 109.5, 47.4, 41.5, 37.4, 27.9, 25.4; IR (neat): 2965, 2849, 1613, 1526, 

1448, 1333, 1261, 1148, 1044, 816; HRESIMS Calcd for [C37H30N2NaO2S]+ (M + Na+) 

589.1920, found 589.1913. 

 

(3bS,3cS,9aR)-2-((4-bromophenyl)sulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4d) 

 

4d 



 

Compound 4d was prepared in 96% yield (93.0 mg) according to the general procedure. 

Pale yellow solid (mp 175–176 °C). [α]D
25 = -427.8º (c = 1.0, CHCl3). 93% ee 

(determined by HPLC: Chiralpak IG Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.38 min (minor), 15.47 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.73 – 

7.50 (m, 5H), 7.47 (d, J = 1.6 Hz, 1H), 7.37 – 7.22 (m, 3H), 7.20 – 7.13 (m, 2H), 7.11 

– 7.05 (m, 1H), 6.88 (d, J = 7.2 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.60 (d, J = 1.6 Hz, 

1H), 6.50 (d, J = 8.0 Hz, 1H), 6.40 – 6.25 (m, 2H), 6.15 (d, J = 9.6 Hz, 1H), 6.03 (d, J 

= 7.2 Hz, 1H), 3.28 – 2.89 (m, 4H), 2.57 (s, 1H), 2.09 – 1.75 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 146.0, 137.9, 137.8, 133.2, 132.6, 132.0, 131.8, 131.3, 129.9, 128.9, 

128.2, 127.5, 127.4(0), 127.3(5), 127.3, 126.0(4), 126.0(1), 125.8, 125.1, 123.9, 123.1, 

122.4, 119.0, 113.9, 111.7, 109.5, 47.4, 41.5, 37.4, 27.9, 25.3; IR (neat): 2966, 2918, 

1613, 1527, 1478, 1376, 1261, 1183, 1045, 965; HRESIMS Calcd for 

[C37H29BrN2NaO2S]+ (M + Na+) 667.1025, found 667.1023. 

 

(3bS,3cS,9aR)-2-((4-methoxyphenyl)sulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4e) 

 

4e 

Compound 4e was prepared in 93% yield (85.3 mg) according to the general procedure. 

Pale yellow solid (mp 180–181 °C). [α]D
25 = -494.3º (c = 1.0, CHCl3). 93% ee 

(determined by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 10.25 min (major), 11.33 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.74 

(d, J = 8.8 Hz, 2H), 7.59 (d, J = 7.2 Hz, 1H), 7.47 (s, 1H), 7.35 – 7.25 (m, 2H), 7.25 – 

7.14 (m, 3H), 7.12 – 7.06 (m, 1H), 6.98 – 6.85 (m, 3H), 6.77 (d, J = 8.0 Hz, 1H), 6.61 

(s, 1H), 6.50 (d, J = 7.6 Hz, 1H), 6.40 – 6.24 (m, 2H), 6.15 (d, J = 10.0 Hz, 1H), 6.03 



 

(d, J = 7.2 Hz, 1H), 3.79 (s, 3H), 3.34 – 2.95 (m, 4H), 2.56 (s, 1H), 2.06 – 1.74 (m, 4H); 

13C NMR (100 MHz, CDCl3) δ 163.7, 146.0, 137.8, 133.3, 132.2, 131.4, 131.3, 130.9, 

130.4, 129.9, 129.1, 128.9, 127.4, 127.2(3), 127.2(0), 126.0(0), 125.9(7), 125.5, 124.1, 

123.0, 121.7, 119.0, 114.5, 113.8, 111.7, 109.5, 55.6, 47.4, 41.4, 37.4, 28.0, 25.4; IR 

(neat): 2964, 2926, 1613, 1577, 1461, 1372, 1263, 1165, 1044, 832; HRESIMS Calcd 

for [C38H32N2NaO3S]+ (M + Na+) 619.2026, found 619.2028. 

 

(3bS,3cS,9aR)-11-fluoro-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4f) 

 

4f 

Compound 4f was prepared in 80% yield (62.7 mg) according to the general procedure. 

Pale yellow solid (mp 267–268 °C). [α]D
25 = -579.4º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.21 min (minor), 11.36 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.62 – 

7.58 (m, 1H), 7.41 (d, J = 2.0 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.23 (d, J = 7.6 Hz, 

1H), 7.15 – 7.09 (m, 1H), 7.06 (dd, J = 10.0, 2.8 Hz, 1H), 7.01 – 6.88 (m, 2H), 6.82 (dd, 

J = 8.8, 2.0 Hz, 1H), 6.58 (d, J = 1.6 Hz, 1H), 6.54 (dd, J = 8.4, 1.6 Hz, 1H), 6.44 – 

6.28 (m, 2H), 6.16 (d, J = 9.6 Hz, 1H), 6.06 (dd, J = 8.4, 2.4 Hz, 1H), 3.26 – 3.13 (m, 

4H), 3.12 (s, 3H), 2.64 (s, 1H), 1.94 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 162.2 (d, 

J = 245.0 Hz), 146.1, 140.3 (d, J = 7.0 Hz), 133.2, 131.8, 131.3, 131.2, 130.8, 128.9, 

127.9, 127.6, 127.4, 126.2, 125.0, 124.7 (d, J = 8.0 Hz), 123.6, 121.5 (d, J = 3.0 Hz), 

120.9, 118.8, 116.6 (d, J = 22.6 Hz), 113.3(3) (d, J = 21.0 Hz), 113.3(0), 111.7, 109.7, 

47.4, 42.7, 41.5, 37.3, 28.1, 25.4; 19F NMR (376 MHz, CDCl3) δ -114.0 (s); IR (neat): 



 

2964, 2851, 1614, 1558, 1463, 1371, 1260, 1171, 1073, 980; HRESIMS Calcd for 

[C32H27FN2NaO2S]+ (M + Na+) 545.1669, found 545.1663. 

 

(3bS,3cS,9aR)-11-chloro-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4g) 

 

4g 

Compound 4g was prepared in 87% yield (70.4 mg) according to the general procedure. 

Pale yellow solid (mp 239–240 °C). [α]D
25 = -537.8º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.19 min (minor), 11.38 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.55 

(d, J = 8.0 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.32 (d, J = 2.0 

Hz, 1H), 7.24 – 7.18 (m, 2H), 7.15 – 7.03 (m, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.81 (dd, 

J = 8.4, 2.0 Hz, 1H), 6.58 (d, J = 2.0 Hz, 1H), 6.54 (dd, J = 8.4, 1.6 Hz, 1H), 6.42 – 

6.31 (m, 2H), 6.15 (d, J = 9.6 Hz, 1H), 6.11 – 6.00 (m, 1H), 3.29 – 3.12 (m, 4H), 3.11 

(s, 3H), 2.62 (s, 1H), 2.01 – 1.78 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 139.7, 

133.2, 132.9, 131.7, 131.3, 131.1, 130.9, 129.9, 128.9, 127.9, 127.7, 127.4, 126.3, 126.2, 

125.0, 124.4, 123.9, 123.6, 120.7, 118.8, 113.8, 111.7, 109.7, 47.4, 42.7, 41.4, 37.0, 

28.0, 25.4; IR (neat): 2964, 2854, 1614, 1526, 1463, 1337, 1260, 1170, 1067, 983; 

HRESIMS Calcd for [C32H28ClN2O2S+]+ (M + H+) 539.1555, found 539.1551. 

 

(3bS,3cS,9aR)-11-methyl-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4h) 



 

 

4h 

Compound 4h was prepared in 85% yield (66.1 mg) according to the general procedure. 

Pale yellow solid (mp 277–278 °C). [α]D
25 = -511.9º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IA Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 10.05 min (major), 13.32 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.54 

(d, J = 8.0 Hz, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.23 – 7.18 (m, 

1H), 7.15 (s, 1H), 7.13 – 7.04 (m, 2H), 6.92 (d, J = 7.2 Hz, 1H), 6.83 (dd, J = 8.4, 2.0 

Hz, 1H), 6.63 – 6.50 (m, 2H), 6.43 – 6.32 (m, 2H), 6.22 (d, J = 9.6 Hz, 1H), 6.05 (dd, 

J = 8.4, 2.4 Hz, 1H), 3.25 – 3.12 (m, 4H), 3.10 (s, 3H), 2.61 (s, 1H), 2.36 (s, 3H), 2.00 

– 1.82 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 137.9, 137.3, 133.3, 132.1, 

131.4(3), 131.3(6), 131.2, 130.5, 128.9, 127.5, 127.3(3), 127.3(0), 127.0, 126.1, 126.0, 

124.1, 123.1, 122.5, 121.8, 118.8, 113.3, 111.7, 109.7, 47.4, 42.7, 41.6, 37.3, 28.0, 25.4, 

21.4; IR (neat): 2964, 2853, 1615, 1521, 1456, 1373, 1260, 1170, 1063; HRESIMS 

Calcd for [C33H31N2O2S]+ (M + H+) 519.2101, found 519.2111. 

 

(3bS,3cS,9aR)-11-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4i) 

 

4i 



 

Compound 4i was prepared in 96% yield (78.0 mg) according to the general procedure. 

Pale yellow solid (mp 185–186 °C). [α]D
25 = -476.1º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 11.20 min (minor), 16.27 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.55 

(d, J = 8.4 Hz, 1H), 7.43 – 7.29 (m, 2H), 7.22 – 7.19 (m, 1H), 7.14 – 7.01 (m, 1H), 6.91 

(d, J = 7.2 Hz, 1H), 6.88 (d, J = 2.4 Hz, 1H), 6.86 – 6.77 (m, 2H), 6.62 – 6.47 (m, 2H), 

6.45 – 6.31 (m, 2H), 6.21 (d, J = 10.0 Hz, 1H), 6.05 (dd, J = 8.4, 2.0 Hz, 1H), 3.80 (s, 

3H), 3.26 – 3.08 (m, 4H), 3.07 (s, 3H), 2.64 (s, 1H), 2.03 – 1.68 (m, 4H); 13C NMR 

(100 MHz, CDCl3) δ 159.2, 146.0, 139.6, 133.3, 132.1, 131.4, 131.3, 130.8, 128.9, 

127.6, 127.5, 127.3, 126.1, 125.7, 124.4, 124.0, 121.6, 118.7, 118.1, 114.8, 112.5, 112.4, 

111.6, 109.6, 55.3, 47.4, 42.6, 41.6, 37.5, 28.1, 25.4; IR (neat): 2963, 2837, 1612, 1569, 

1463, 1321, 1261, 1170, 1042; HRESIMS Calcd for [C33H31N2O3S]+ (M + H+) 

535.2050, found 535.2029. 

 

(3bS,3cS,9aR)-12-fluoro-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4j) 

 

4j 

Compound 4j was prepared in 98% yield (76.8 mg) according to the general procedure. 

Pale yellow solid (mp 280–281 °C). [α]D
25 = -613.4º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 12.83 min (minor), 16.75 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.44 

(d, J = 2.0 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.32 – 7.26 (m, 2H), 7.22 (dd, J = 7.6, 1.2 

Hz, 1H), 7.15 – 7.07 (m, 1H), 7.01 – 6.95 (m, 1H), 6.92 (d, J = 7.6 Hz, 1H), 6.82 (dd, 

J = 8.4, 2.0 Hz, 1H), 6.59 (d, J = 2.4 Hz, 1H), 6.54 (dd, J = 8.4, 2.0 Hz, 1H), 6.40 – 



 

6.25 (m, 2H), 6.18 (s, 1H), 6.05 (dd, J = 8.4, 2.4 Hz, 1H), 3.25 – 3.13 (m, 4H), 3.12 (s, 

3H), 2.58 (s, 1H), 2.00 – 1.78 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 161.3 (d, J = 

243 Hz), 146.1, 133.8, 133.7, 133.3, 131.9, 131.6 (d, J = 9.0 Hz), 131.4, 131.2, 128.9, 

127.6, 127.5, 127.4, 127.1 (d, J = 8.0 Hz), 126.1, 125.7, 123.7, 121.0 (d, J = 2.0 Hz), 

118.9, 114.3 (d, J = 21.0 Hz), 114.2, 111.6, 109.6, 109.4 (d, J = 23.0 Hz), 47.4, 42.7, 

41.3, 36.8, 27.7, 25.4; 19F NMR (376 MHz, CDCl3) δ -116.6 (s); IR (neat): 2965, 2852, 

1613, 1557, 1462, 1370, 1259, 1143, 1067, 982; HRESIMS Calcd for 

[C32H27FKN2O2S]+ (M + K+) 561.1409, found 561.1420. 

 

(3bS,3cS,9aR)-12-chloro-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4k) 

 

4k 

Compound 4k was prepared in 94% yield (76.0 mg) according to the general procedure. 

Pale yellow solid (mp 255–256 °C). [α]D
25 = -514.4º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 13.86 min (minor), 17.31 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.60 

(d, J = 1.6 Hz, 1H), 7.45 (d, J = 2.4 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.27 – 7.23 (m, 

2H), 7.22 – 7.19 (m, 1H), 7.15 – 7.06 (m, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.80 (dd, J = 

8.4, 2.0 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 6.53 (dd, J = 8.4, 2.0 Hz, 1H), 6.40 – 6.28 

(m, 2H), 6.14 (d, J = 10.0 Hz, 1H), 6.05 (dd, J = 8.8, 2.4 Hz, 1H), 3.23 – 3.11 (m, 4H), 

3.09 (s, 3H), 2.59 (s, 1H), 1.97 – 1.83 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 

136.3, 133.2, 132.0, 131.8, 131.4, 131.2, 131.0, 128.9, 127.7, 127.6, 127.4, 127.2, 127.1, 

126.2, 125.4, 123.6, 122.9, 120.6, 118.9, 114.2, 111.6, 109.7, 47.4, 42.8, 41.4, 36.9, 



 

27.9, 25.4; IR (neat): 2963, 2853, 1613, 1558, 1475, 1368, 1260, 1170, 1066, 982; 

HRESIMS Calcd for [C32H27ClN2NaO2S]+ (M + Na+) 561.1374, found 561.1380. 

 

(3bS,3cS,9aR)-12-methyl-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4l) 

 

4l 

Compound 4l was prepared in 94% yield (73.1 mg) according to the general procedure. 

Pale yellow solid (mp 256–257 °C). [α]D
25 = -498.2º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.18 min (minor), 11.58 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.54 – 

7.41 (m, 2H), 7.34 (d, J = 7.6 Hz, 1H), 7.23 – 7.17 (m, 2H), 7.14 – 7.02 (m, 2H), 6.91 

(d, J = 7.6 Hz, 1H), 6.82 (dd, J = 8.4, 2.0 Hz, 1H), 6.56 (d, J = 2.0 Hz, 1H), 6.54 (dd, J 

= 8.4, 2.0 Hz, 1H), 6.42 – 6.28 (m, 2H), 6.20 (d, J = 9.6 Hz, 1H), 6.13 – 5.96 (m, 1H), 

3.25 – 3.11 (m, 4H), 3.08 (s, 3H), 2.59 (s, 1H), 2.37 (s, 3H), 1.99 – 1.78 (m, 4H); 13C 

NMR (100 MHz, CDCl3) δ 146.0, 135.6, 135.2, 133.3, 132.2, 131.4(1), 131.3(7), 129.8, 

128.9, 128.4, 127.4, 127.3, 126.1, 126.0, 125.1, 124.1, 123.6, 121.8, 118.8, 113.6, 111.7, 

109.6, 47.4, 42.6, 41.6, 37.2, 27.8, 25.4, 21.0; IR (neat): 2963, 2854, 1614, 1522, 1463, 

1368, 1262, 1172, 1068, 982; HRESIMS Calcd for [C33H30N2NaO2S]+ (M + Na+) 

541.1920, found 541.1909. 

 

(3bS,3cS,9aR)-12-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4m) 



 

 

4m 

Compound 4m was prepared in 89% yield (71.4 mg) according to the general procedure. 

Pale yellow solid (mp 174–175 °C). [α]D
25 = -501.0º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 13.52 min (minor), 17.88 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.45 

(d, J = 2.0 Hz, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.27 – 7.20 (m, 2H), 7.15 (d, J = 2.8 Hz, 

1H), 7.12 – 7.05 (m, 1H), 6.93 – 6.79 (m, 3H), 6.57 (d, J = 2.4 Hz, 1H), 6.54 (dd, J = 

8.4, 2.0 Hz, 1H), 6.39 – 6.28 (m, 2H), 6.19 (d, J = 10.0 Hz, 1H), 6.05 (dd, J = 8.4, 2.4 

Hz, 1H), 3.84 (s, 3H), 3.24 – 3.13 (m, 4H), 3.09 (s, 3H), 2.57 (s, 1H), 2.01 – 1.81 (m, 

4H); 13C NMR (100 MHz, CDCl3) δ 157.9, 146.0, 133.3, 132.2, 131.4(4), 131.4(1), 

131.3, 131.0, 130.7, 128.9, 127.4, 127.3, 126.3, 126.2, 125.9, 124.1, 121.7, 118.8, 

113.8(4), 113.8(1), 111.6, 109.6, 107.6, 55.4, 47.4, 42.7, 41.5, 36.9, 27.5, 25.4; IR 

(neat): 2965, 2928, 1613, 1521, 1463, 1367, 1263, 1171, 1067, 982; HRESIMS Calcd 

for [C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1839. 

 

(3bS,3cS,9aR)-7-methyl-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4n) 

 

4n 



 

Compound 4n was prepared in 95% yield (73.9 mg) according to the general procedure. 

Pale yellow solid (mp 264–265 °C). [α]D
25 = -563.1º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.90 min (minor), 11.90 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.68 – 

7.57 (m, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.38 – 7.31 (m, 1H), 7.30 – 7.24 (m, 2H), 7.22 

– 7.17 (m, 1H), 7.15 – 7.08 (m, 1H), 6.95 (d, J = 7.2 Hz, 1H), 6.83 (dd, J = 8.4, 1.6 Hz, 

1H), 6.65 – 6.45 (m, 3H), 6.37 (dd, J = 8.4, 2.0 Hz, 1H), 6.25 (d, J = 10.0 Hz, 1H), 6.05 

(dd, J = 8.4, 2.0 Hz, 1H), 3.32 – 3.13 (m, 4H), 3.09 (s, 3H), 2.62 (s, 1H), 2.18 (s, 3H), 

2.02 – 1.84 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 137.9, 133.9, 133.1, 132.1, 

131.4, 131.3, 129.9, 129.6, 127.9, 127.4, 127.1, 127.0, 126.1, 126.0, 125.3, 124.3, 123.7, 

123.1, 121.7, 118.7, 113.7, 111.7, 109.7, 47.5, 42.7, 41.9, 37.2, 27.6, 25.4, 19.0; IR 

(neat): 2928, 2853, 1613, 1525, 1464, 1370, 1274, 1173, 1068, 982; HRESIMS Calcd 

for [C33H30N2NaO2S]+ (M + Na+) 541.1920, found 541.1904. 

 

(3bS,3cS,9aR)-7-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4o) 

 

4o 

Compound 4o was prepared in 90% yield (72.2 mg) according to the general procedure. 

Pale yellow solid (mp 165–166 °C). [α]D
25 = -507.6º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 15/85 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 14.84 min (major), 18.18 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.63 

(dd, J = 7.5, 1.0 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.34 (dd, J = 7.5, 1.0 Hz, 1H), 7.29 

– 7.25 (m, 2H), 7.19 – 7.14 (m, 1H), 6.98 (d, J = 8.0 Hz, 1H), 6.82 (dd, J = 8.5, 2.0 Hz, 

1H), 6.78 (d, J = 10.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.60 (dd, J = 8.5, 2.0 Hz, 1H), 



 

6.56 (d, J = 2.0 Hz, 1H), 6.37 (dd, J = 8.5, 2.5 Hz, 1H), 6.21 (d, J = 10.5 Hz, 1H), 6.08 

(dd, J = 8.4, 2.5 Hz, 1H), 3.70 (s, 3H), 3.26 – 3.11 (m, 4H), 3.07 (s, 3H), 2.58 (s, 1H), 

1.98 – 1.87 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 155.1, 146.1, 138.0, 133.3, 133.1, 

131.3, 131.2, 129.9, 127.8, 127.4, 126.0, 125.3, 125.0, 124.2, 123.0, 121.7(2), 121.6(9), 

120.7, 118.7, 113.7, 111.8, 109.8, 108.2, 55.5, 47.4, 42.6, 41.5, 37.2, 27.6, 25.4; IR 

(neat): 2962, 2853, 1613, 1525, 1469, 1367, 1263, 1171, 1022, 982; HRESIMS Calcd 

for [C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1904. 

 

(3bS,3cS,9aR)-6-chloro-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4p) 

 

4p 

Compound 4p was prepared in 88% yield 71.2 mg) according to the general procedure. 

Pale yellow solid (mp 254–255 °C). [α]D
25 = -556.5º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.48 min (minor), 12.77 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.63 

(d, J = 7.2 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.33 – 7.20 (m, 4H), 7.16 (dd, J = 8.0, 2.0 

Hz, 1H), 6.88 (d, J = 1.6 Hz, 1H), 6.79 (dd, J = 8.4, 1.6 Hz, 1H), 6.58 (d, J = 2.0 Hz, 

1H), 6.55 (dd, J = 8.4, 1.6 Hz, 1H), 6.36 (dd, J = 8.4, 2.4 Hz, 1H), 6.32 – 6.18 (m, 2H), 

6.09 (dd, J = 8.4, 2.0 Hz, 1H), 3.25 – 3.11 (m, 4H), 3.09 (s, 3H), 2.58 (s, 1H), 1.99 – 

1.84 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 137.5, 133.2, 132.8, 131.4(4), 

131.3(7), 130.7, 130.5, 130.0, 129.8, 127.5(0), 127.4(7), 127.3, 126.9, 126.4, 126.3, 

125.3, 123.5, 123.1, 121.5, 118.8, 113.8, 111.7, 109.8, 47.4, 42.7, 41.0, 37.4, 28.2, 25.4; 

IR (neat): 2962, 2851, 1613, 1519, 1480, 1367, 1260, 1172, 1043, 983; HRESIMS 

Calcd for [C32H27ClN2NaO2S]+ (M + Na+) 561.1374, found 561.1347. 



 

 

(3bS,3cS,9aR)-6-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4q) 

 

4q 

Compound 4q was prepared in 82% yield (65.5 mg) according to the general procedure. 

Pale yellow solid (mp 192–193 °C). [α]D
25 = -597.5º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.64 min (minor), 11.73 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.68 – 

7.57 (m, 1H), 7.45 (d, J = 2.4 Hz, 1H), 7.33 – 7.24 (m, 3H), 7.24 – 7.20 (m, 1H), 7.07 

(dd, J = 7.6, 1.6 Hz, 1H), 6.87 – 6.81 (m, 1H), 6.76 (d, J = 1.2 Hz, 1H), 6.62 – 6.49 (m, 

2H), 6.42 – 6.35 (m, 1H), 6.33 (d, J = 10.0 Hz, 1H), 6.20 (d, J = 10.0 Hz, 1H), 6.12 – 

6.02 (m, 1H), 3.24 – 3.11 (m, 4H), 3.09 (s, 3H), 2.62 – 2.48 (m, 3H), 2.00 – 1.83 (m, 

4H), 1.19 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 146.0, 142.0, 138.1, 133.3, 

131.5, 131.4, 131.2, 129.9, 129.3, 128.8, 127.5, 127.4, 127.2, 126.8, 126.0, 125.9, 125.3, 

124.2, 123.0, 121.7, 118.7, 113.7, 111.6, 109.7, 47.4, 42.7, 41.2, 37.2, 28.4, 27.9, 25.4, 

15.6; IR (neat): 2964, 2853, 1613, 1522, 1479, 1367, 1261, 1173, 1043, 982; HRESIMS 

Calcd for [C34H32KN2O2S]+ (M + K+) 571.1816, found 571.1798. 

 

(3bS,3cS,9aR)-6-ethyl-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4r) 



 

 

4r 

Compound 4r was prepared in 94% yield (80.2 mg) according to the general procedure. 

Pale yellow solid (mp 195–196 °C). [α]D
25 = -479.0º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.62 min (minor), 12.98 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.62 

(d, J = 7.2 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.36 – 7.23 (m, 3H), 7.21 – 7.12 (m, 1H), 

6.87 – 6.75 (m, 2H), 6.63 – 6.51 (m, 2H), 6.47 (d, J = 2.4 Hz, 1H), 6.37 (d, J = 7.2 Hz, 

1H), 6.33 – 6.18 (m, 2H), 6.09 (d, J = 7.6 Hz, 1H), 3.73 (s, 3H), 3.34 – 3.10 (m, 4H), 

3.07 (s, 3H), 2.58 (s, 1H), 1.99 – 1.83 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 157.9, 

146.0, 137.9, 133.3, 132.3, 131.5, 131.3, 129.8, 129.7, 127.3(8), 127.3(6), 126.7, 126.0, 

125.2, 124.3, 123.1, 121.6, 118.6, 113.8, 113.7, 111.9, 111.7, 109.8, 55.2, 47.4, 42.6, 

40.8, 37.1, 27.8, 25.3; IR (neat): 2964, 2853, 1613, 1522, 1479, 1367, 1261, 1173, 1043, 

982; HRESIMS Calcd for [C33H31N2O3S]+ (M + H+) 535.2050, found 535.2061. 

 

(3bS,3cS,9aR)-5-bromo-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4s) 

 

4s 



 

Compound 4s was prepared in 93% yield (81.4 mg) according to the general procedure. 

Pale yellow solid (mp 206–207 °C). [α]D
25 = -738.8º (c = 1.0, CHCl3). 85% ee 

(determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 17.59 min (minor), 21.79 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.63 

(d, J = 6.8 Hz, 1H), 7.54 – 7.36 (m, 2H), 7.34 – 7.25 (m, 3H), 7.20 (dd, J = 8.0, 1.6 Hz, 

1H), 6.89 – 6.67 (m, 2H), 6.66 – 6.48 (m, 2H), 6.36 (dd, J = 8.4, 1.6 Hz, 1H), 6.26 (dd, 

J = 19.2, 10.0 Hz, 2H), 6.17 – 6.02 (m, 1H), 3.30 – 3.13 (m, 4H), 3.10 (s, 3H), 2.56 (s, 

1H), 2.04 – 1.80 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.1, 137.4, 134.3, 133.2, 

131.4, 131.3, 130.6, 130.3, 129.8, 129.0, 128.6, 127.5, 126.6, 126.5, 126.3, 125.3, 123.5, 

123.1, 121.4, 120.8, 118.9, 113.8, 111.7, 109.8, 47.4, 42.7, 41.1, 37.5, 28.3, 25.4; IR 

(neat): 2964, 2851, 1614, 1525, 1478, 1369, 1261, 1173, 1043, 982; HRESIMS Calcd 

for [C32H27BrN2NaO2S]+ (M + Na+) 605.0869, found 605.0856. 

 

(3bS,3cS,9aR)-5-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4t) 

 

4t 

Compound 4t was prepared in 94% yield (75.4 mg) according to the general procedure. 

Pale yellow solid (mp 190–191 °C). [α]D
25 = -689.3º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 10.05 min (minor), 12.14 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.67 

– 7.58 (m, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.35 (dd, J = 7.6, 1.2 Hz, 1H), 7.29 – 7.23 (m, 

2H), 6.91 (d, J = 2.4 Hz, 1H), 6.83 (dd, J = 8.4, 3.6 Hz, 2H), 6.65 (dd, J = 8.4, 2.8 Hz, 

1H), 6.62 (dd, J = 8.8, 2.4 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 6.42 – 6.34 (m, 1H), 6.29 

(d, J = 9.6 Hz, 1H), 6.14 – 5.98 (m, 2H), 3.80 (s, 3H), 3.26 – 3.12 (m, 4H), 3.08 (s, 3H), 



 

2.57 (s, 1H), 1.97 – 1.84 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 159.2, 146.0, 138.0, 

133.6, 133.2, 131.3, 129.9, 128.4, 127.4, 126.7, 126.1, 125.3, 124.8, 124.1, 123.4, 123.1, 

121.7, 118.6, 113.7, 112.1, 111.6, 109.7, 55.2, 47.4, 42.7, 41.7, 37.2, 28.2, 25.4; IR 

(neat): 2963, 2837, 1607, 1525, 1463, 1367, 1259, 1127, 1043, 982; HRESIMS Calcd 

for [C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1891. 

 

(3bS,3cS,9aR)-2-(methylsulfonyl)-5-phenyl-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4u) 

 

4u 

Compound 4u was prepared in 92% yield (80.1 mg) according to the general procedure. 

Pale yellow solid (mp 180–181 °C). [α]D
25 = -941.6º (c = 1.0, CHCl3). 94% ee 

(determined by HPLC: Chiralpak IE Column, 15/85 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 15.72 min (minor), 21.82 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.69 

– 7.56 (m, 4H), 7.47 (d, J = 2.0 Hz, 1H), 7.44 – 7.23 (m, 7H), 6.98 (d, J = 8.0 Hz, 1H), 

6.84 (d, J = 6.8 Hz, 1H), 6.66 – 6.50 (m, 2H), 6.38 (d, J = 9.6 Hz, 2H), 6.23 (d, J = 9.6 

Hz, 1H), 6.04 (d, J = 8.0 Hz, 1H), 3.26 – 3.12 (m, 4H), 3.09 (s, 3H), 2.70 (s, 1H), 1.99 

– 1.79 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 146.0, 140.7, 140.1, 137.8, 133.3, 132.6, 

131.4, 131.1, 130.5, 129.9, 128.7, 127.7, 127.4(4), 127.3(6), 127.2, 127.0, 126.9, 126.2, 

125.3, 124.8, 123.9, 123.1, 121.6, 118.7, 113.8, 111.7, 109.8, 47.4, 42.7, 41.7, 37.5, 

28.3, 25.4; IR (neat): 2963, 2853, 1613, 1526, 1462, 1370, 1261, 1173, 1068, 982; 

HRESIMS Calcd for [C38H32N2NaO2S]+ (M + Na+) 603.2077, found 603.2054. 

 

(3bS,3cS,9aR)-4-methyl-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-

dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4v) 



 

 

4v 

Compound 4v was prepared in 88% yield (68.5 mg) according to the general procedure. 

Pale yellow solid (mp 154–155 °C). [α]D
25 = -577.4º (c = 1.0, CHCl3). 89% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.07 min (minor), 7.74 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.72 – 

7.58 (m, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.32 – 7.24 (m, 2H), 

7.08 (d, J = 7.2 Hz, 1H), 7.04 – 6.92 (m, 1H), 6.85 (d, J = 7.6 Hz, 1H), 6.76 (d, J = 7.2 

Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 6.48 (d, J = 8.0 Hz, 1H), 6.36 (d, J = 8.4 Hz, 1H), 

6.33 (d, J = 10.0 Hz, 1H), 6.19 (d, J = 9.6 Hz, 1H), 6.07 (d, J = 8.4 Hz, 1H), 3.24 – 3.12 

(m, 4H), 3.09 (s, 3H), 2.58 (s, 1H), 2.39 (s, 3H), 1.99 – 1.85 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 146.1, 138.4, 136.1, 133.2, 131.5, 131.2, 131.0, 130.8, 129.9, 129.1, 

128.0, 127.4, 126.1, 125.7, 125.5(3), 125.4(9), 125.3, 124.2, 123.1, 121.8, 118.6, 113.8, 

111.5, 109.8, 47.4, 42.6, 38.9, 37.1, 27.1, 25.4, 19.7; IR (neat): 2963, 2852, 1614, 1524, 

1462, 1369, 1262, 1173, 1046, 982; HRESIMS Calcd for [C33H30N2NaO2S]+ (M + Na+) 

541.1920, found 541.1903. 

 

(3bS,3cS,9aR)-4-methoxy-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c-dihydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4w) 

 

4w 



 

Compound 4w was prepared in 90% yield (72.2 mg) according to the general procedure. 

Pale yellow solid (mp 281–282 °C). [α]D
25 = -508.5º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak ADH Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 

254 nm; TR = 11.53 min (major), 19.18 min (minor)). 1H NMR (400 MHz, CDCl3) δ 

7.69 – 7.58 (m, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.38 – 7.26 (m, 2H), 7.24 – 7.19 (m, 1H), 

7.10 – 7.03 (m, 1H), 6.84 (dd, J = 8.4, 1.6 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.64 – 6.47 

(m, 3H), 6.38 (d, J = 7.6 Hz, 1H), 6.33 (d, J = 10.0 Hz, 1H), 6.23 (d, J = 10.0 Hz, 1H), 

6.10 (d, J = 8.4 Hz, 1H), 3.84 (s, 3H), 3.26 – 3.13 (m, 4H), 3.10 (s, 3H), 2.89 (s, 1H), 

1.97 – 1.87 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 157.6, 146.1, 138.4, 133.1, 132.4, 

131.4, 129.9, 127.4, 127.3, 126.4(3), 126.3(7), 126.0, 125.4, 124.5, 123.0, 121.9, 120.7, 

120.0, 118.8, 113.7, 111.5, 109.9, 109.3, 55.6, 47.4, 42.7, 36.7, 36.0, 27.1, 25.4; IR 

(neat): 2962, 2925, 1614, 1526, 1470, 1369, 1263, 1172, 1044, 982; HRESIMS Calcd 

for [C33H30N2NaO3S]+ (M + Na+) 557.1869, found 557.1853. 

 

N,N-dimethyl-4-((3bS,3cS,9aR)-2-(methylsulfonyl)-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindol-3b(3cH)-yl)aniline (4x) 

 

4x 

Compound 4x was prepared in 93% yield (66.8 mg) according to the general procedure. 

Pale yellow solid (mp 256–257 °C). [α]D
25 = -594.3º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 9.48 min (major), 11.43 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.71 

(d, J = 7.2 Hz, 1H), 7.53 (d, J = 2.0 Hz, 1H), 7.45 – 7.37 (m, 2H), 7.37 – 7.29 (m, 3H), 

7.20 – 7.13 (m, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 10.0 Hz, 1H), 6.70 – 6.50 (m, 

3H), 6.40 (d, J = 10. Hz, 1H), 6.32 – 6.08 (m, 2H), 3.15 (s, 3H), 2.89 (s, 6H), 2.70 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ 148.6, 137.8, 133.2, 132.0, 131.3, 131.0, 129.9, 



 

128.9, 127.5, 127.4, 127.3, 126.1(2), 126.0(8), 125.9, 125.3, 125.1, 123.1, 121.6, 118.7, 

113.8, 112.5, 110.5, 42.7, 41.4, 40.3, 37.2, 27.8; IR (neat): 2925, 2854, 1615, 1526, 

1454, 1366, 1261, 1171, 1044, 983; HRESIMS Calcd for [C30H26KN2O2S]+ (M + K+) 

517.1347, found 517.1355. 

 

N,N-dibenzyl-4-((3bS,3cS,9aR)-2-(methylsulfonyl)-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindol-3b(3cH)-yl)aniline (4y) 

 

4y 

Compound 4y was prepared in 81% yield (76.6 mg) according to the general procedure. 

Pale yellow solid (mp 146–147 °C). [α]D
25 = -400.7º (c = 1.0, CHCl3). 90% ee 

(determined by HPLC: Chiralpak IA Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.98 min (major), 16.98 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.61 

(d, J = 7.2 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.35 – 7.19 (m, 10H), 7.18 – 7.11 (m, 5H), 

7.10 – 7.03 (m, 1H), 6.90 (d, J = 7.4 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.63 (d, J = 2.0 

Hz, 1H), 6.54 (d, J = 6.4 Hz, 1H), 6.49 (d, J = 8.4 Hz, 1H), 6.32 (d, J = 10.0 Hz, 1H), 

6.27 – 6.21 (m, 1H), 6.18 (d, J = 10.0 Hz, 1H), 4.46 (s, 4H), 3.07 (s, 3H), 2.60 (s, 1H); 

13C NMR (100 MHz, CDCl3) δ 147.7, 138.6, 137.8, 133.4, 132.0, 131.4, 131.3, 130.8, 

129.9, 128.9, 128.4, 127.5, 127.4, 127.2, 126.8, 126.7, 126.1(2), 126.0(8), 125.9, 125.4, 

125.2, 123.1, 121.7, 118.8, 113.8, 112.8, 110.9, 53.9, 42.7, 41.4, 37.3, 27.8; IR (neat): 

3027, 2927, 1612, 1563, 1454, 1366, 1261, 1171, 1044, 982; HRESIMS Calcd for 

[C42H34N2NaO2S]+ (M + Na+) 653.2233, found 653.2248. 

 



 

(3bS,3cS,9aR)-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-

3b,3c,10,11,12,13-hexahydro-2H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-

g]isoindole (4z) 

 

4z 

Compound 4z was prepared in 90% yield (68.7 mg) according to the general procedure. 

Pale yellow solid (mp 276–277 °C). [α]D
25 = -460.2º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 7.58 min (minor), 9.61 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.38 (d, 

J = 7.2 Hz, 1H), 7.27 – 7.18 (m, 1H), 7.15 – 7.01 (m, 1H), 6.94 (d, J = 2.4 Hz, 1H), 

6.91 – 6.80 (m, 2H), 6.59 – 6.45 (m, 2H), 6.39 (dd, J = 8.4, 2.4 Hz, 1H), 6.20 (d, J = 

10.0 Hz, 1H), 6.10 (d, J = 10.0 Hz, 1H), 6.06 (dd, J = 8.4, 2.4 Hz, 1H), 3.25 – 3.13 (m, 

4H), 3.07 (s, 3H), 2.57 – 2.47 (m, 1H), 2.46 (s, 1H), 2.42 – 2.27 (m, 3H), 2.00 – 1.89 

(m, 4H), 1.88 – 1.73 (m, 3H), 1.70 – 1.61 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 

145.9, 135.5, 133.5, 133.0, 131.4, 131.1, 130.8, 128.6, 127.2, 127.1, 126.4, 125.8, 125.7, 

124.6, 124.4, 118.7, 118.3, 112.2, 111.5, 109.6, 47.4, 42.4, 40.3, 39.2, 28.6, 28.5, 25.4, 

25.2, 23.4, 22.3; IR (neat): 2926, 2854, 1613, 1520, 1461, 1367, 1263, 1170, 1063, 980; 

HRESIMS Calcd for [C32H32N2NaO2S]+ (M + Na+) 531.2077, found 531.2079. 

 

2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-dihydro-2H-

benzo[e]naphtho[1',2':1,3]cyclopropa[1,2-g]isoindole (4aa) 

 



 

4aa 

Compound 4aa was prepared in 78% yield (39.4 mg) according to the general 

procedure. Pale yellow solid (mp 233–234 °C). [α]D
25 = 130.9º (c = 1.0, CHCl3). 64% 

ee (determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 

254 nm; TR = 6.71 min (major), 8.15 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.63 

(dd, J = 7.5, 1.0 Hz, 1H), 7.48 – 7.41 (m, 2H), 7.35 – 7.28 (m, 1H), 7.23 – 7.18 (m, 1H), 

7.18 – 6.09 (m, 3H), 7.05 – 6.98 (m, 1H), 6.81 (d, J = 7.5 Hz, 1H), 6.55 (d, J = 2.5 Hz, 

1H), 6.39 – 6.29 (m, 2H), 6.25 – 6.18 (m, 1H), 6.14 (d, J = 9.5 Hz, 1H), 6.03 (d, J = 7.5 

Hz, 1H), 3.20 – 3.12 (m, 4H), 3.07 (s, 3H), 1.97 (d, J = 5.5 Hz, 1H), 1.95 – 1.83 (m, 

4H); 13C NMR (125 MHz, CDCl3) δ 146.0, 138.5, 133.6, 133.5, 132.7, 132.1, 131.2(2), 

131.1(8), 130.9, 127.0, 126.6(9), 126.6(7), 126.0, 125.9(4), 125.9(0), 124.2, 123.3, 

123.1, 121.8, 118.7, 113.6, 111.3, 109.8, 47.4, 42.7, 39.3, 38.0, 28.2, 25.4; IR (neat): 

2963, 2854, 1612, 1521, 1487, 1367, 1263, 1128, 1058, 982; HRESIMS Calcd for 

[C32H28KN2O2S]+ (M + Na+) 543.1503, found 543.1502. 

 

(3bS,3cS,9aR)-3b-(4-methoxyphenyl)-2-(methylsulfonyl)-3b,3c-dihydro-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (4ab) 

 

4ab 

Compound 4ab was prepared in 49% yield (39.4 mg) according to the general 

procedure. Pale yellow solid (mp 94–95 °C). [α]D
25 = -379.4º (c = 1.0, CHCl3). 66% ee 

(determined by HPLC: Chiralpak IB Column, 40/60 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = (6.10 min (major), 7.57 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.64 (d, 

J = 7.2 Hz, 1H), 7.48 (d, J = 1.6 Hz, 1H), 7.40 – 7.20 (m, 5H), 7.14 – 7.07 (m, 1H), 

7.02 – 6.86 (m, 2H), 6.74 – 6.61 (m, 2H), 6.54 (d, J = 1.6 Hz, 1H), 6.45 – 6.38 (m, 1H), 

6.32 (d, J = 10.0 Hz, 1H), 6.22 (d, J = 9.6 Hz, 1H), 3.67 (s, 3H), 3.10 (s, 3H), 2.66 (s, 



 

1H); 13C NMR (100 MHz, CDCl3) δ 157.7, 137.5, 133.8, 131.7(4), 131.6(6), 131.2, 

130.4, 129.9, 129.3, 128.9, 127.7, 127.5, 127.3, 126.3, 125.8, 125.2, 123.1, 121.6, 118.7, 

114.1, 113.9, 111.6, 54.9, 42.7, 41.3, 37.2, 27.8; IR (neat): 3132, 2926, 1609, 1514, 

1463, 1361, 1246, 1175, 1044, 983; HRESIMS Calcd for [C29H23NNaO3S]+ (M + Na+) 

488.1291, found 488.1293. 

 

(S)-14a-(4-methoxyphenyl)-2-(methylsulfonyl)-2,14a-

dihydrobenzo[e]benzo[4,5]cyclohepta[1,2-g]isoindole (4ab) 

 

4ab 

Compound 4ab was prepared in 46% yield (21.4 mg) according to the general 

procedure except at 30 °C in DCM for 24 h. Pale yellow solid (mp 131–132 °C). [α]D
25 

= 182.6º (c = 1.0, CHCl3). 95% ee (determined by HPLC: Chiralpak IG Column, 40/60 

i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 11.72 min (minor), 14.75 min (major)). 1H 

NMR (400 MHz, CDCl3) δ 7.76 – 7.70 (m, 1H), 7.52 – 7.46 (m, 1H), 7.43 (d, J = 2.0 

Hz, 1H), 7.26 – 7.18 (m, 5H), 7.17 – 7.10 (m, 2H), 7.07 – 6.98 (m, 3H), 6.54 (d, J = 

11.6 Hz, 1H), 6.51 (d, J = 9.2 Hz, 2H), 6.01 (d, J = 11.6 Hz, 1H), 3.61 (s, 3H), 3.16 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 157.5, 139.9, 139.1, 135.5, 135.2, 135.0, 134.4, 

133.4, 132.1, 130.3, 128.4, 128.0, 127.8, 127.6(1), 127.5(9), 127.3, 127.0, 126.5, 123.6, 

123.1, 117.7, 113.6, 112.9, 55.0, 48.8, 42.8; IR (neat): 2929, 2854, 1737, 1668, 1559, 

1464, 1363, 1243, 1182, 984; HRESIMS Calcd for [C29H23NNaO3S]+ (M + Na+) 

488.1291, found 488.1294. 

 

N,N-dimethyl-4-((6bS,12bR,12cR)-2-(methylsulfonyl)-2H-

naphtho[2',1':2,3]cyclopropa[1,2-e]thieno[2,3-g]isoindol-12c(12bH)-yl)aniline 

(4ac) 



 

 

4ac 

Compound 4ac was prepared in 99% yield (48.0 mg) according to the general procedure. 

Pale yellow solid (mp 251–252 °C). [α]D
25 = -397.2º (c = 1.0, CHCl3). 74% ee 

(determined by HPLC: Chiralpak IC Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.64 min (major), 10.67 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.38 (d, 

J = 7.2 Hz, 1H), 7.27 (d, J = 5.2 Hz, 1H), 7.25 – 7.19 (m, 3H), 7.16 – 7.05 (m, 1H), 

6.91 (d, J = 7.2 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 2.0 Hz, 1H), 6.59 – 6.48 

(m, 2H), 6.31 (d, J = 10.0 Hz, 1H), 6.26 – 6.17 (m, 2H), 3.09 (s, 3H), 2.83 (s, 6H), 2.67 

(s, 1H); 13C NMR (100 MHz, CDCl3) δ 148.7, 142.2, 133.3, 132.2, 131.4, 131.1, 130.7, 

128.8, 128.3, 127.7, 127.6, 126.2, 124.7, 124.6, 124.4, 124.3, 122.9, 119.9, 119.3, 112.4, 

112.3, 110.6, 42.6, 41.3, 40.3, 36.7, 29.4; IR (neat): 2925, 1613, 1523, 1486, 1365, 

1264, 1171, 1056, 980, 945; HRESIMS Calcd for [C28H24KN2O2S2]
+ (M + K+) 

523.0911, found 523.0905. 

 

N,N-dimethyl-4-((6bS,12bS,12cS)-2-(methylsulfonyl)-2H-

naphtho[2',1':2,3]cyclopropa[1,2-e]thieno[3,4-g]isoindol-12c(12bH)-yl)aniline 

(4ad) 

 

4ad 

Compound 4ad was prepared in 96% yield (46.5 mg) according to the general 

procedure. Pale yellow solid (mp 271–272 °C). [α]D
25 = -602.2º (c = 1.0, CHCl3). 93% 



 

ee (determined by HPLC: Chiralpak ADH Column, 50/50 i-PrOH/hexane, 1.0 mL/min, 

254 nm; TR = 10.86 min (major), 17.04 min (minor)). 1H NMR (500 MHz, CDCl3) δ 

7.38 – 7.33 (m, 3H), 7.25 – 7.15 (m, 1H), 7.15 – 7.07 (m, 1H), 7.05 (d, J = 3.0 Hz, 1H), 

6.89 (d, J = 7.0 Hz, 1H), 6.84 (d, J = 7.0 Hz, 1H), 6.57 (d, J = 2.0 Hz, 1H), 6.56 – 6.47 

(m, 2H), 6.31 (d, J = 9.5 Hz, 1H), 6.23 (d, J = 9.5 Hz, 1H), 6.22 – 6.19 (m, 1H), 3.07 

(s, 3H), 2.82 (s, 6H), 2.67 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 148.6, 141.1, 133.2, 

132.0, 131.6, 131.5, 131.4, 128.9, 127.8, 127.6, 127.5, 127.4, 126.2, 125.1, 124.6, 121.7, 

119.0, 118.9, 116.9, 113.4, 112.4, 110.7, 42.6, 42.5, 40.3, 36.5, 27.5; IR (neat): 2926, 

1613, 1523, 1412, 1365, 1264, 1170, 1140, 1062, 981; HRESIMS Calcd for 

[C28H24KN2O2S2]
+ (M + K+) 523.0911, found 523.0908. 

 

N,N-dimethyl-4-((5aR,11bS,11cS)-2-(methylsulfonyl)-4,5-dihydro-2H-

naphtho[2',1':2,3]cyclopropa[1,2-e]isoindol-11c(11bH)-yl)aniline (4ae) 

 

4ae 

Compound 4ae was prepared in 90% yield (38.8 mg) according to the general procedure 

except by employing L26 as chiral ligand in toluene for 20 h. Pale yellow solid (mp 

244–245 °C). [α]D
25 = -166.8º (c = 1.0, CHCl3). 42% ee (determined by HPLC: 

Chiralpak IA Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.49 min 

(minor), 9.62 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 7.6 Hz, 1H), 

7.21 – 7.11 (m, 1H), 7.10 – 6.96 (m, 1H), 6.94 – 6.69 (m, 3H), 6.67 – 6.27 (s, 2H), 6.25 

(s, 2H), 6.12 (d, J = 10.0 Hz, 1H), 5.95 (d, J = 9.6 Hz, 1H), 3.04 (s, 1H), 2.99 (s, 3H), 

2.82 (s, 6H), 2.73 – 2.63 (m, 1H), 2.54 – 2.41 (m, 1H), 2.35 – 2.22 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 148.5, 133.6, 132.6, 132.3, 129.0, 128.8, 127.1, 127.0, 126.2, 

125.9, 124.6, 121.9, 117.6, 115.6, 42.4, 40.4, 35.7, 34.9, 27.2, 24.0, 17.7; IR (neat): 



 

2919, 1613, 1526, 1488, 1455, 1361, 1262, 1166, 1063, 983; HRESIMS Calcd for 

[C26H26N2NaO2S]+ (M + Na+) 453.1607,  found 453.1611. 

 

(3bS,7aR,7bS,8aR)-3b-(4-methoxyphenyl)-2-(methylsulfonyl)-2,3b,3c,7b,8,8a-

hexahydrobenzo[2,3]cyclopropa[1,2-e]cyclopropa[g]isoindole (4aj) 

 

4aj 

Compound 4aj was prepared in 38% yield (14.4 mg) according to the general procedure 

except in DCM at 30 °C for 32 h. Pale solid (mp 152–153 °C). [α]D
25 = -7.4º (c = 1.0, 

CHCl3). 20% ee (determined by HPLC: Chiralpak IA Column, 10/90 i-PrOH/hexane, 

1.0 mL/min, 254 nm; TR = 8.29 min (minor), 8.84 min (major)).  1H NMR (400 MHz, 

CDCl3) δ 6.99 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 2.4 Hz, 1H), 6.65 (d, J = 8.4 Hz, 2H), 

6.61 (d, J = 2.4 Hz, 1H), 6.34 (d, J = 8.0 Hz, 1H), 6.26 – 6.20 (m, 1H), 6.00– 5.93 (m, 

1H), 5.93 – 5.86 (m, 1H), 3.73 (s, 3H), 3.65 (d, J = 7.2 Hz, 1H), 3.04 (s, 3H), 2.10 (td, 

J = 8.4, 5.6 Hz, 1H), 2.02 (td, J = 8.0, 4.8 Hz, 1H), 1.38 (td, J = 8.4, 4.4 Hz, 1H), 0.82 

(dd, J = 9.6, 4.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 157.5, 132.8, 131.3, 130.7, 

126.8, 126.2, 124.9, 124.8, 123.6, 118.6, 115.7, 112.5, 80.6, 79.9, 55.0, 42.5, 31.9, 20.8, 

18.0, 9.8; IR (neat): 2926, 2853, 1607, 1510, 1411, 1362, 1245, 1169, 1067, 983; 

HRESIMS Calcd for [C22H21NNaO3S]+ (M + Na+) 402.1134, found 402.1135.  



 

5. Synthetic Utility Study 

N,N-dimethyl-4-((7bR,12aR)-2-(methylsulfonyl)-7b,8,9,10,11,12-

hexahydrobenzo[e]cyclohepta[g]isoindol-12a(2H)-yl)aniline (5a) 

 

Compound 5a was prepared according to the known procedure (0.25 mmol scale)2 in 

98% yield (106.5 mg) as a colourless solid (mp 241–243 °C). [α]D
25 = +21.6º (c = 1.0, 

CHCl3). 94% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 

1.0 mL/min, 254 nm; TR = 12.00 min (major), 14.12 min (minor)). 1H NMR (400 MHz, 

CDCl3) δ 7.50 (d, J = 7.6 Hz, 1H), 7.35 – 7.29 (m, 2H), 7.24 – 7.19 (m, 1H), 7.16 – 

7.08 (m, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.40 (d, J = 8.8 Hz, 2H), 3.20 – 3.17 (s, 1H), 

3.16 (s, 3H), 2.78 (s, 6H), 2.70 – 2.58 (m, 1H), 2.43 – 2.33 (m, 1H), 2.28 – 2.15 (m, 

2H), 2.10 – 2.01 (m, 1H), 1.86 – 1.79 (m, 1H), 1.69 – 1.63 (m, 2H), 1.52 – 1.41 (m, 

2H); 13C NMR (100 MHz, CDCl3) δ 148.0, 140.4, 137.1, 132.1, 129.7, 128.6, 127.2, 

126.2, 125.7, 125.0, 123.5, 114.7, 114.0, 111.8, 49.6, 45.3, 42.6, 40.4, 39.3, 28.5, 28.4, 

26.0, 22.5; IR (neat): 3021, 2926, 1730, 1610, 1520, 1456, 1372, 1265, 1180, 1082; 

HRESIMS Calcd for [C26H30N2NaO2S]+ (M + Na+) 457.1920, found 457.1919. 

 

N,N-dimethyl-4-((3aR,7bR,12aS,12bS)-2-(methylsulfonyl)-

2,3,3a,7b,8,9,10,11,12,12b-decahydrobenzo[e]cyclohepta[g]isoindol-12a(1H)-

yl)aniline (5b) 



 

 

Compound 5b was prepared according to the known procedure (0.15 mmol scale)2 in 

50% yield (32.7 mg) as a white solid (mp 158–159 °C). [α]D
25 = 3.4º (c = 1.0, CHCl3). 

94% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 

mL/min, 254 nm; TR = 34.56 min (major), 38.58 min (minor)). 1H NMR (400 MHz, 

CDCl3) δ 7.56 (d, J = 8.0 Hz, 1H), 7.32 – 7.27 (m, 1H), 7.23 – 7.17 (m, 1H), 7.11 (d, J 

= 7.6 Hz, 1H), 6.90 (d, J = 9.2 Hz, 2H), 6.48 (d, J = 8.4 Hz, 2H), 3.67 – 3.59 (m, 2H), 

3.57 – 3.51 (m, 1H), 3.46 – 3.41 (m, 1H), 3.08 – 3.00 (m, 1H), 2.83 (s, 6H), 2.74 – 2.64 

(m, 2H), 2.56 – 2.46 (m, 1H), 2.47 – 2.38 (m, 1H), 2.36 (s, 3H), 1.87 – 1.48 (m, 8H); 

13C NMR (100 MHz, CDCl3) δ 142.2, 134.4, 130.4, 127.8, 127.2, 125.7, 125.1, 111.9, 

51.8, 49.9, 49.8, 47.6, 44.6, 43.0, 41.6, 40.4, 35.6, 29.4, 27.1, 26.6, 23.9; IR (neat): 

2931, 2857, 1612, 1521, 1446, 1336, 1262, 1148, 1073, 950; HRESIMS Calcd for 

[C26H34N2NaO2]
+ (M + Na+) 461.2233, found 461.2269. 

 

(S)-12a-(4-methoxyphenyl)-2-(methylsulfonyl)-10-(phenylethynyl)-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (5c) 

 

To an oven-dried 10 mL vial with a stir bar were added 2l (0.15 mmol, 74.2 mg), THF 

(3 mL) and Et3N (1 mL). Then phenylacetylene (0.6 mmol, 66 μL), Pd(PPh3)4 (0.0075 

mmol, 8.6 mg) and CuI (0.015 mmol, 5.7 mg) were added sequentially and stirred at 

50 °C for 1 h. Upon completion, the mixture was filtered, extracted with ethyl acetate 



 

for three times, dried over MgSO4 and concentrated. The residue was purified by 

chromatography on silica gel (eluent: PE/EtOAc) to afford 5c in 98% yield (75.8 mg) 

as a pale yellow solid (mp 118–119 °C). [α]D
25 = -233.9º (c = 1.0, CHCl3). 95% ee 

(determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 8.15 min (minor), 11.22 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.68 – 

7.56 (m, 2H), 7.46 – 7.40 (m, 3H), 7.35 – 7.25 (m, 5H), 7.02 (d, J = 8.8 Hz, 2H), 6.97 

(d, J = 8.4 Hz, 1H), 6.70 (d, J = 2.0 Hz, 1H), 6.65 – 6.58 (m, 3H), 6.55 (d, J = 8.0 Hz, 

1H), 4.64 (d, J = 8.4 Hz, 1H), 3.70 (s, 3H), 3.09 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 157.6, 135.3, 132.6(3), 132.5(8), 132.5, 131.5, 128.7, 128.2, 128.1, 128.0(3), 127.9(5), 

127.9, 127.7, 126.9, 123.4, 122.3, 121.7, 119.0, 113.3, 112.7, 104.7, 101.8, 90.6, 90.1, 

55.0, 42.8, 41.5; IR (neat): 3131, 2931, 1607, 1506, 1488, 1471, 1373, 1243, 1167, 

1071, 981; HRESIMS Calcd for [C33H25NNaO3S]+ (M + Na+) 538.1447, found 

538.1485. 

 

(S)-12a-(4-methoxyphenyl)-2-(methylsulfonyl)-10-phenyl-2,12a-

dihydrobenzo[e]cyclohepta[g]isoindole (5d) 

 

To an oven-dried 10-mL Schlenk tube with a stir bar were added 2l (0.15 mmol, 74.2 

mg) and DME (3 mL). Then PhB(OH)2 (0.53 mmol, 64.0 mg), Pd(PPh3)4 (0.0075 mmol, 

8.7 mg) and CsF (0.38 mmol, 57.0 mg) were added sequentially and stirred at 50 °C for 

8 h. Upon completion, the mixture was filtered, extracted with ethyl acetate for three 

times, dried over MgSO4 and concentrated. The residue was purified by 

chromatography on silica gel (eluent: PE/EtOAc) to obtain 5d in 71% yield (51.2 mg) 

as a pale yellow solid (mp 234–235 °C). [α]D
25 = -152.8º (c = 1.0, CHCl3). 96% ee 

(determined by HPLC: Chiralpak IE Column, 40/60 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 6.82 min (minor), 9.58 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.64 (d, 



 

J = 20.4 Hz, 2H), 7.42 (s, 1H), 7.36 – 7.23 (m, 7H), 7.14 – 6.91 (m, 3H), 6.73 (s, 1H), 

6.66 – 6.22 (m, 4H), 4.66 (d, J = 8.4 Hz, 1H), 3.65 (s, 3H), 3.09 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 157.5, 141.3, 139.7, 135.5, 133.0, 132.7, 128.8, 128.4, 128.0, 127.7, 

127.6, 127.5, 127.1, 126.7, 126.5, 124.4, 123.4, 122.9, 121.9, 118.9, 113.3, 112.5, 101.2, 

99.8, 55.0, 42.8, 40.6; IR (neat): 3023, 2923, 1606, 1579, 1470, 1367, 1244, 1174, 1055, 

949; HRESIMS Calcd for [C31H25NNaO3S]+ (M + Na+) 514.1447, found 514.1469. 

 

tert-butyl (3bS,3cS,9aR)-3b-(4-(pyrrolidin-1-yl)phenyl)-3b,3c-dihydro-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole-2-carboxylate (5e) 

 

Compound 5e was prepared according to the known procedure (0.15 mmol scale)3,4 in 

95% yield (75.1 mg) as a pale yellow solid (mp 156–157 °C). [α]D
25 = -399.3º (c = 1.0, 

CHCl3). 95% ee (determined by HPLC: Chiralpak IB Column, 20/80 i-PrOH/hexane, 

1.0 mL/min, 254 nm; TR = 6.89 min (minor), 8.65 min (major)). 1H NMR (600 MHz, 

CDCl3) δ 7.67 (d, J = 7.2 Hz, 1H), 7.58 (s, 1H), 7.37 – 7.28 (m, 2H), 7.27 – 7.15 (m, 

3H), 7.13 – 7.05 (m, 1H), 6.91 (d, J = 7.2 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 6.71 (s, 

1H), 6.56 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 7.2 Hz, 1H), 6.34 (d, J = 9.6 Hz, 1H), 6.23 

(d, J = 9.6 Hz, 1H), 6.07 (d, J = 8.4 Hz, 1H), 3.23 – 3.04 (m, 4H), 2.63 (s, 1H), 2.01 – 

1.82 (m, 4H), 1.56 (s, 9H); 13C NMR (150 MHz, CDCl3) δ 148.8, 146.0, 137.8, 133.3, 

132.4, 131.4(3), 131.4(0), 129.9, 129.2, 128.9, 127.3, 127.2, 127.1, 126.8, 126.4, 126.3, 

126.0, 125.9, 124.6, 122.9, 120.0, 118.3, 113.3, 111.6, 109.7, 83.7, 47.4, 41.7, 37.3, 

28.0, 27.9, 25.4; IR (neat): 2975, 2931, 1808, 1738, 1614, 1521, 1479, 1394, 1274, 

1157; HRESIMS Calcd for [C36H34N2NaO2]
+ (M + Na+) 549.2512, found 549.2536. 

 



 

 (3bS,3cS,9aR)-2-(methylsulfonyl)-3b-(4-(pyrrolidin-1-yl)phenyl)-2,3,3b,3c,8,9-

hexahydro-1H-benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (5f) 

 

Compound 5f was prepared according to the known procedure (0.25 mmol scale)2,5 in 

51% yield (64.9 mg) as a white solid (mp 146–147 °C). [α]D
25 = -189.0º (c = 1.0, CHCl3). 

96% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0 

mL/min, 254 nm; TR = 15.05 min (minor), 18.79 min (major)). 1H NMR (400 MHz, 

CDCl3) δ 7.71 (d, J = 8.0 Hz, 1H), 7.39 – 7.25 (m, 3H), 7.21 – 7.13 (m, 1H), 7.12 – 

7.05 (m, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H), 6.87 (d, J = 7.6 Hz, 

1H), 6.55 – 6.38 (m, 2H), 6.12 (d, J = 8.4 Hz, 1H), 4.73 – 4.49 (m, 2H), 4.34 – 4.16 (m, 

1H), 3.73 – 3.60 (m, 1H), 3.25 – 3.11 (m, 4H), 2.91 – 2.81 (m, 1H), 2.80 (s, 3H), 2.59 

– 2.46 (m, 1H), 2.21 – 2.11 (m, 1H), 2.02 – 1.93 (m, 4H), 1.92 (s, 1H), 1.78 – 1.65 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 146.8, 139.0, 138.7, 135.5, 133.9, 131.0, 130.2, 

129.1, 128.2, 127.5, 127.4, 126.0, 125.9, 125.5, 124.4, 123.5, 112.4, 110.9, 57.1, 54.7, 

47.4, 41.1, 35.7, 34.6, 32.8, 27.4, 25.4, 23.8; IR (neat): 3058, 2919, 1612, 1525, 1488, 

1378, 1266, 1154, 1053, 959; HRESIMS Calcd for [C32H32N2NaO2S]+ (M + Na+) 

531.2077, found 531.2115. 

 

dimethyl (12R,15S,15aS)-16-(methylsulfonyl)-11-(4-(pyrrolidin-1-yl)phenyl)-

15,15a-dihydro-12H-12,15-epiminodibenzo[3,4:5,6]cyclohepta[1,2-

a]naphthalene-13,14-dicarboxylate (5g) 



 

 

Compound 5g was prepared according to the known procedure (0.1 mmol scale)6 in 90% 

yield (58.2 mg) as pale yellow solid (mp 141–142 °C). [α]D
25 = +172.2º (c = 1.0, CHCl3). 

96% ee (determined by HPLC: Chiralpak IC Column, 50/50 i-PrOH/hexane, 1.0 

mL/min, 254 nm; TR = 18.30 min (major), 29.17 min (minor)). 1H NMR (400 MHz, 

CDCl3) δ 7.84 (d, J = 8.8 Hz, 1H), 7.83 – 7.74 (m, 3H), 7.70 (d, J = 8.8 Hz, 1H), 7.54 

(d, J = 7.6 Hz, 1H), 7.48 – 7.38 (m, 2H), 7.36 – 7.29 (m, 1H), 7.22 – 7.16 (m, 1H), 6.90 

(d, J = 8.4 Hz, 2H), 6.36 (d, J = 8.8 Hz, 2H), 5.82 (s, 1H), 5.76 (s, 1H), 4.04 (s, 3H), 

3.73 (s, 3H), 3.24 (s, 1H), 3.22 – 3.13 (m, 4H), 2.89 (s, 3H), 1.99 – 1.87 (m, 4H); 13C 

NMR (100 MHz, CDCl3) δ 163.7, 162.2, 147.4, 146.8, 140.7, 139.7, 139.1, 136.9, 136.8, 

135.3, 132.9, 132.4, 131.6, 129.8, 128.9, 128.2, 128.1, 128.0, 127.9(1), 127.8(7), 126.8, 

125.7, 125.4, 123.7, 111.4, 67.2, 65.8, 53.0, 52.5, 47.4, 45.6, 40.8, 25.4; IR (neat): 2925, 

2852, 1716, 1683, 1521, 1487, 1339, 1266, 1158, 1124, 1084, 1019, 766; HRESIMS 

Calcd for [C38H34N2NaO6S]+ (M + Na+) 669.2030, found 669.2093. 

 

 (3bS,3cS,9aR)-3b-([1,1'-biphenyl]-4-yl)-2-(methylsulfonyl)-3b,3c-dihydro-2H-

benzo[e]naphtho[2',1':1,3]cyclopropa[1,2-g]isoindole (5h) 

 

Compound 5h was prepared according to the known procedure (0.15 mmol scale)5 in 

75% yield (38.4 mg) as a white solid (mp 161–162 °C). [α]D
25 = +602.2º (c = 1.0, 



 

CHCl3). 95% ee (determined by HPLC: Chiralpak IE Column, 40/60 i-PrOH/hexane, 

1.0 mL/min, 254 nm; TR = 6.04 min (minor), 7.06 min (major)). 1H NMR (400 MHz, 

CDCl3) δ 7.70 – 7.65 (m, 1H), 7.53 – 7.48 (m, 3H), 7.45 – 7.34 (m, 5H), 7.34 – 7.25 

(m, 4H), 7.17 – 7.02 (m, 3H), 6.90 (d, J = 7.2 Hz, 1H), 6.78 (dd, J = 8.0, 1.6 Hz, 1H), 

6.60 (d, J = 2.4 Hz, 1H), 6.39 – 6.20 (m, 2H), 3.14 (s, 3H), 2.73 (s, 1H); 13C NMR (150 

MHz, CDCl3) δ 140.6, 138.8, 137.5, 136.3, 133.2, 131.7, 131.1(3), 131.1(0), 130.0, 

129.0, 128.6, 127.8, 127.7, 127.6, 127.5, 127.1, 126.9, 126.8, 126.4, 125.8, 125.4, 125.2, 

123.2, 121.6, 118.8, 114.0, 42.8, 41.2, 37.1, 28.2. IR (neat): 3028, 2927, 1600, 1479, 

1367, 1322, 1265, 1208, 1173, 1069; HRESIMS Calcd for [C34H25NNaO2S]+ (M + Na+) 

534.1498, found 534.1538. 

  



 

6. Crystal Data 

 

Table S3. Crystal data and structure refinement for 2b. 

CCDC Number = 2301623. 



 

 

 

Table S4. Crystal data and structure refinement for 4l. 

CCDC Number = 2301624. 



 

 

 

Table S5. Crystal data and structure refinement for 5g.  

CCDC Number = 2301659. 

 



 

7. Computational Studies 

7.1. Computational Details  

All density functional theory (DFT) calculations were performed using Gaussian 

16 program7. Geometry optimizations of all structures were carried using B3LYP 

functional8,9 with Grimme’s dispersion corrections10,11 and 6-31G(d) basis set 12 for C, 

H, N, O, S, and LANL2DZ pseudo-potential basis set13 for Cu and Br. The solvation 

effects in toluene/2-MeTHF were calculated with a self-consistent reaction field (SCRF) 

using the PCM solvation model14,15. Frequency analysis was performed at the same 

level of theory as geometry optimization to confirm whether optimized stationary 

points were either local minimum or transition state, as well as to evaluate zero-point 

vibrational energies and thermal corrections for enthalpies and free energies at 298.15 

K. For critical transition states, intrinsic reaction coordinates (IRC) analysis was also 

performed at the same level of theory as geometry optimization to verify the proposed 

process. Single-point energies were computed with PBE0 functional16 with Grimme’s 

dispersion corrections and 6-311++G(d,p) basis set17 for C, H, N, O, S, and Stuttgart 

pseudo-potential basis set18 for Cu and Br with the inclusion of solvent correction at the 

PCM (toluene/2-Me THF) level. The 3D diagrams of DFT-optimized structures were 

generated with CYLview2.0 software19. Independent gradient model (IGM) analysis 

was used to verify non-covalent interactions20-22. 

To correct the Gibbs free energies under 1 atm to the standard state in solution (1 

mol/L), a correction of RTln(cs/cg) is added to energies of all species. cs stands for the 

standard molar concentration in solution (1 mol/L), cg stands for the standard molar 

concentration in gas phase (0.040876 mol/L), and R is the gas constant. For calculated 

intermediates at the standard state of 1 mol/L at 298.15 K, the correction value equaling 

to 1.89 kcal/mol was used. 

To correct the entropy change in solution, we applied an empirical approach23 

because there is currently no widely accepted quantum mechanics-based approach to 

correct entropy in solution. For each component change in a reaction at 298 K and 1 

atm, a correction of 4.3 kcal/mol is applied to the reaction free energy (i.e., a reaction 



 

from m- to ncomponents has an additional free energy correction for (n-m) × 4.3 

kcal/mol). This approach has been validated through a number of computational and 

experimental studies. 

Conformational Search 

For conformational search, we applied the Conformer-Rotamer Ensemble 

Sampling Tool (CREST, version 2.10.2)24 using the xTB package (version 6.1)25 in 

combination with DFT optimizations. The conformers generated by CREST were 

optimized with GFN2-xTB. The solvation effects in toluene were calculated with 

GBSA implicit solvation model. An energy window of 6.0 kcal/mol and a RMSD 

threshold of 0.25 Å was used for sampling. For conformational samplings of transition 

state structures, atoms in the forming/cleaving bonds were constrained by applying a 

force constant of 1.0 Hartree/Bohr2. 

  



 

7.2. Table of Energies 

Table S6. Low-energy conformers for CuL9-S-TSB1 with relative enthalpies and 

Gibbs free energies stability (in kcal/mol) with respect to the most stable geometry. 

Structure ∆∆G‡
Sol ∆∆H‡

Sol 

CuL9-S-TSB1 0.0 0.0 

CuL9-S-TSB1-S1 4.1 3.0 

CuL9-S-TSB1-S2 0.8 0.7 

CuL9-S-TSB1-S3 2.1 4.0 

 

Table S7. Low-energy conformers for CuL9-R-TSB1 with relative enthalpies and 

Gibbs free energies stability (in kcal/mol) with respect to the most stable geometry. 

Structure ∆∆G‡
Sol ∆∆H‡

Sol 

CuL9-R-TSB1 0.0 0.0 

CuL9-R-TSB1-S1 2.0 0.6 

CuL9-R-TSB1-S2 2.6 3.0 

CuL9-R-TSB1-S3 1.2 2.6 

 

Table S8. Low-energy conformers for CuL12-S-TSB2 with relative enthalpies and 

Gibbs free energies stability (in kcal/mol) with respect to the most stable geometry. 

Structure ∆∆G‡
Sol ∆∆H‡

Sol 

CuL12-S-TSB2 0.0 0.0 

CuL12-S-TSB2-S1 3.0 1.8 

CuL12-S-TSB2-S2 3.7 2.8 

CuL12-S-TSB2-S3 3.9 3.0 

 

Table S9. Low-energy conformers for CuL12-R-TSB2 with relative enthalpies and 

Gibbs free energies stability (in kcal/mol) with respect to the most stable geometry. 

Structure ∆∆G‡
Sol ∆∆H‡

Sol 

CuL12-R-TSB2 0.0 0.0 

CuL12-R-TSB2-S1 3.5 2.2 

CuL12-R-TSB2-S2 1.6 -0.3 

CuL12-R-TSB2-S3 4.0 1.8 

 



 

8. HPLC Chromatograms 

2a: IE, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

2b: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2c: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 



 

2d: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 



 

2e: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2f: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2g: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2h: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2i: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2i: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

2j: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2k: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2l: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2m: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2n: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2o: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2p: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2q: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2r: IE, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2s: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2t: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 



 

2u: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

2v: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2w: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2x: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2y: IE, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2z: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2aa: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2ab: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2ac: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

2ad: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2af: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2ag: IG, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

2ah: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

2ai: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4a: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

4b: IC, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4c: IE, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 



 

4d: IG, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 



 

4e: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4f: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4g: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4h: IA, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4i: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4j: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4k: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4l: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

  



 

4m: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4n: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4o: IE, i-PrOH/hexane = 15/85, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4p: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4q: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4r: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4s: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4t: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4u: IE, i-PrOH/hexane = 15/85, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 



 

4v: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4w: ADH, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4x: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4y: IA, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4z: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4aa: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 
 

 

 

 

 

 

 

 



 

4ab: IB, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 

 
 

 

  



 

4ab: IG, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

4ac: IC, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4ad: ADH, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

4ae: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

 

 

 

 



 

4aj: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 

  



 

5a: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 



 

5b: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

5c: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

 

  



 

5d: IE, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

 

 

 

 



 

5e: IB, i-PrOH/hexane = 20/0, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

 

  



 

5f: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

5g: IC, i-PrOH/hexane = 50/50, v = 1.0 mL/min, λ = 254 nm 

 

 

 

 

  



 

5h: IE, i-PrOH/hexane = 40/60, v = 1.0 mL/min, λ = 254 nm 
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Parameter Value 
Br 

1 Title lct-15-133-H' 

2 Origin Bruker Bi 

3 Sol vent CDCl 3 

4 Temperature 298. 0

5 Number of Scans 5 

6Acquisition Time 4.0894 

7 Acquisition Date 2024-07-03Tl 5: 07: 48 

8 Spectrometer Frequency 400. 13 

9 Spectral Width 8012. 8 
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Parameter Value 

1 Title l ct-15-112-C-20240629

2 Origin Bruker Bi oSpi n GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 90 

6Acquisition Time 1.3631 

7 Acqui si ti on Date 2024-06-29T21: 55: 46 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title zyx-13-145-h 

2 Origin Bruker Bi oSprn 

3 Sol vent CDCl 3 

4 Temperature 298. 0 

5 Number of Scans 8 

6Acquisition Time 4.0894 

7 Acquisition Date 2024-06-17T15:39:43 

8 Spectrometer Frequency 400. 13 

9 Spectral Width 8012. 8 
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Parameter Value 

1 Title zyx-13-145-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 15 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-06-17T15:43:33 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

I Title 7.YX-13-190--C 
2 Origin Bruker BioSpin GmbH 
3 Sol vent CDCl 3 
4 Temperature 298. 2 
5 Number of Scans 13 

6 Acquisition Time I. 1010
7 Acquisition Date 2024-07-11T15:5:3 ： 39 
8 Spectrometer Frequency 125. 77 
9 Spectral\\i dth 29761. 9 
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Parameter Value 

1 Title ZYX-13-190-DEPT 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDC13 

4 Temperature 298. 3 
5 Number of Scans 12 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-07-11T15 55 19 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 

I 

I 

I 

I 

， 

I I 

I 

230 220 210 200 190 180 170 160 150 140 130 120 110 100 
fl (ppm) 

90 80 70 60 50 40 30 20 10 。

1ai



1ai



OOO｀一＂m中00中“
m~中`°“-~m”
”“`｀｀一己OOOOO.......... 
~~～～尸尸~~0”

~、l ＼占仑艺产

“--OOO 
CJ OO r-- c、1
o c,..... -．．．．
-户寸寸守

\I II

r

—

J
 

H

2

b

49

I-
_
—
爪
—

丿

··4

rIJ

J

—
丿

）

0

P

2

 

S

T

 

h
o

7
 

-

i

2
 

5
B

-

4

6

 

-

r

4
0
3
8

 

l
e
3
0

9
-

l
.

 

h
uk
el
8

08
24
0
12
 

yS
Br
CD
29
6
4
20
40
80
 

y
 
c

 
n

 
e

 
u

 
q

 

e
e
e

 

s
m
t
r

 

n
i
a
F
h

 

a
T
D

t
 

c

r
d

 

e
S
n
n
e
i

 

ur
f
io10
.10
et
w

 

t
at

o
it
it
om
al
 

tle
lgm

二
二
二
』

Ti
or
SO
Te
NU
AC
Ac
sp
sp
 

1
2
3
4
5
6
7
8
9

 

Parameter Value 

:
:

S 

1IMP 

ooo·o-
含窑笆谷巨臣岔亡岂笘笞另芭窑巴
m“~｀N OOOOOO“”“～闪一己.......... 
匀~`｀` ＿＿＿ ＿＿,....,＿＿＿,...., 

|又¥/ 寸/ ＼¥ 

a
L
L
.
8

|
 

jII r 

I I 

干忡宁
OO OO U 
0-0 ．．．
CC0勹

宁宁
CJ -－l 
o o ． ．
下 一

中
I
O
.[

宁
8
0
.I

宁oo .8

中
9
0
.
8

宁
g
0
.
8

宁
g
0
.I

中
L
O
.I

LO. 0 9. 5 9.0 8.5 8. 0 7.5 7.0 6.5 6.0 5.5 5.0 4. 5 4. 0

fl (ppm) 
3.5 3.0 2.5 2.0 1. 5 1.0 0.5 0.0 -0.5 -1. 0

1aj



芒 宁区勹？ -
O r [－ - 这-2 O

co 
j [[- L-勺f` 己

O N 一 Cm J O o OOo 已
己

叹叨
。

寸一 己
己 岂 窑 已

OO 岔
/
巨色

＼
产
又

艺艺
＼ 

,－ -．?－ , ． 

岔
I

妄\［二�仁芒巨V言

『
C寸J

I 

． [ 宁？

I 

． 

『
寸-

I 
:

OO 

I 
I 

－ 

V 
－ 

Parameter Value 

1 Title ysh-1-45-c 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 7 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-06-27T20:51:15 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title ysh-1-45-dept 

2 Origin Bruker BioSpin GmbH 

�·1 3 Sol vent CDC13 

4 Temperature 300. 0 

5 Number of Scans 16 
6 Acquisition Time 1. 3631

7 Acquisition Date 2024-06-27T20 52 39 

8 Spectrometer Frequency 100. 61 
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9 Spectral Width 24038. 5 
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Parameter Value 

1 Title ZYX-3-132--C 

2 Origin Bruker GioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 36 

6Acquisition Time 1.3631 

7 Acquisition Date 2021-11-29T16:08:54 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title 
2 Origin 

3 Sol vent 

4 Temperature 

5 Number of Scans 

6 Acquisition Time 3. 1719

7 Acquisition Date 2024-08-12Tll:54:38 

8 Spectrometer Frequency 500. 17 

9 Spectral Width 10330. 6 
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Parameter Value 

1 Title zyx-14-44 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 299. 3 
5 Number of Scans 25 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-08-12Tll:49:16 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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Parameter Value 

1 Title zyx-14-35-c 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 5 
5 Number of Scans 40 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-08-10T09:20:50 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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1 Title zyx-14-35-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 7 

5 Number of Scans 23 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-08-10T09: 24: 03 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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Parameter Value 

1 Title zyx-13-224-dept 

2 Origin Bruker GioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 3 

5 Number of Scans 11 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-07-lSTl 5: 48: 24 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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1 Title ZYX-4-192-C 

2 Origin Bruker GioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 295. 5 

5 Number of Scans 7 4 

6Acquisition Time 1.3631 

7 Acquisition Date 2022-04-13T08:56:12 

8 Spectrometer Frequency 100. 56 

9 Spectral Width 24038. 5 
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Parameter Value

1 Title zyx-11-89-p2

2 Origin

3 Solvent CDCl3

4 Temperature 296.8

5 Number of Scans 16

6 Acquisition Time 4.0002

7 Acquisition Date 2023-11-26T00:43:24

8 Spectrometer Frequency 399.90

9 Spectral Width 8012.0 2i
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Parameter Value

1 Title zyx-11-89-p2-c

2 Origin

3 Solvent CDCl3

4 Temperature 297.6

5 Number of Scans 1024

6 Acquisition Time 1.0000

7 Acquisition Date 2023-11-26T19:53:32

8 Spectrometer Frequency 100.56

9 Spectral Width 26041.0
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Parameter Value

1 Title zyx-11-89-c

2 Origin

3 Solvent CDCl3

4 Temperature 297.9

5 Number of Scans 480

6 Acquisition Time 1.0001

7 Acquisition Date 2023-11-26T20:20:57

8 Spectrometer Frequency 100.56

9 Spectral Width 18028.0 2i
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Parameter Value

1 Title zyx-11-74-2-f

2 Origin

3 Solvent CDCl3

4 Temperature 296.8

5 Number of Scans 16

6 Acquisition Time 1.0000

7 Acquisition Date 2023-11-21T16:41:32

8 Spectrometer Frequency 376.28

9 Spectral Width 96153.0 2i
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1 Title zyx-82-2-h

2 Origin Bruker BioSpin GmbH

3 Solvent CDCl3

4 Temperature 298.0

5 Number of Scans 4

6 Acquisition Time 0.0852

7 Spectrometer Frequency (600.13, 600.13)

8 Spectral Width (12019.2, 11990.4)

9 Lowest Frequency (-2466.4, -2454.4)

10 Nucleus (1H, 1H)

11 Acquired Size (1024, 128)

12 Spectral Size (1024, 1024)
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Parameter Value 

1 Title zyx-13-153 

2 Origin 

3 Sol vent CDC13 

4 Temperature 298. 8 

5 Number of Scans 1000 

6 Acquisition Time 1. 0001

7 Acquisition Date 2024-07-05T08 12 17 

8 Spectrometer Frequency 100. 55 

9 Spectral Width 18028. 0 
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Parameter Value 

1 Title lct-15-155-C 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 100 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-07-11T09:38:48 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title lct-15-155-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 21 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-07-11T09:44:04 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title lct-15-114-H 
2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 0 
5 Number of Scans 6 

6Acquisition Time 4.0894 

7 Acquisition Date 2024-06-29T21 : 40: 09 

8 Spectrometer Frequency 400. 13 

9 Spectral Width 8012. 8 
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Parameter Value 

1 Title lct-15-114-C 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 48 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-06-29T21:41:22 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title lct-15-114-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0

5 Number of Scans 22 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-06-29T21:44:39 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title zyx-13-175-h 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 0

5 Number of Scans 4 

6Acquisition Time 4.0894 

7 Acquisition Date 2024-07-02Tl O: 06: 41 

8 Spectrometer Frequency 400. 13 

9 Spectral Width 8012. 8 
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1 Title zyx-13-175-c 

汇2 Origin Bruker BioSpin GmbH 岭N
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Parameter Value 

1 Title zyx-13-175-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 300. 0 

5 Number of Scans 31 

6Acquisition Time 1.3631 

7 Acquisition Date 2024-07-02T10:09:55 

8 Spectrometer Frequency 100. 61 

9 Spectral Width 24038. 5 
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Parameter Value 

1 Title zyx-13-218-h 

2 Origin Bruker BioSpin GmbH Ir 
3 Sol vent CDCl 3 

4 Temperature 298. 6

5 Number of Scans 10 
6 Acquisition Time 3. 1719 

7 Acquisition Date 2024-07-19T15:38:17 

8 Spectrometer Frequency 500. 17 

9 Spectral Width 10330. 6 
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1 Title zyx-13-218-c 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 298. 7 
5 Number of Scans 83 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-07-19T15:41:24 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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Parameter Value 
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4 Temperature 299. 1 

5 Number of Scans 16 

6 Acquisition Time 1. 0000

7 Acquisition Date 2024-07-15T03:13:21 
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9 Spectral Width 96153. 0 
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1 Title zxy-4-127-c 

2 Origin Bruker GioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 297. 8 
5 Number of Scans 16 
6 Acquisition Time 1. 1010

7 Acquisition Date 2022-03-03Tl 5: 48: 11 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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1 Title zyx-3-166-2—c 
2 Origin Bruker BioSpin GmbH 
3 Sol vent CDC13 
4 Temperature 300. 0 
5 Number of Scans 89 
6 Acquisition Time 1. 3631
7 Acquisition Date 2021-12-11T16:06:25 
8 Spectrometer Frequency 100. 61 
9 Spectral Width 24038. 5 
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Parameter 

1 Title 

2 Origin 

Value 

zyx-14-46-400 

3 Sol vent CDCl 3 

4 Temperature 299. 0

5 Number of Scans 16 

6Acquisition Time 4.0002 

7 Acquisition Date 2024-08-12T14:24:17 

8 Spectrometer Frequency 399. 89 

9 Spectral Width 8012. 0 
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Parameter Value 

1 Title zyx-14-45-h 

2 Origin Bruker Bi oSprn 

3 Sol vent CDCl 3 

4 Temperature 300. 0 

5 Number of Scans 5 

6 Acquisition Time 3. 1719

7 Acquisition Date 2024-08-12Tll:29:04 

8 Spectrometer Frequency 500. 17 

9 Spectral Width 10330. 6 
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1 Title zyx-14-45-c 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 299. 0 
5 Number of Scans 68 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-08-12Tl 1: 34: 46 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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1 Title zyx-14-45-dept 

2 Origin Bruker BioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 299. 1 

5 Number of Scans 36 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-08-12Tll:38:48 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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Parameter 

1 Title 
2 Origin 

Value 

zyx-13-222 

3 Sol vent CDC13 
4 Temperature 299. 0 
5 Number of Scans 16 
6 Acquisition Time 4. 0002
7 Acquisition Date 2024-07-ZOTl 7: 36: 43 
8 Spectrometer Frequency 399. 89 
9 Spectral Width 8012. 0 
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Parameter Value 

1 Title zyx-13-222-dept 

2 Origin Bruker GioSpin GmbH 

3 Sol vent CDCl 3 

4 Temperature 299. 0 

5 Number of Scans 42 

6 Acquisition Time 1. 1010

7 Acquisition Date 2024-07-19T15:53:19 

8 Spectrometer Frequency 125. 77 

9 Spectral Width 29761. 9 
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Parameter 

1 Title 

2 Origin 

Value 

zyx-13-236-c 
MS

3 Sol vent CDCl 3 

4 Temperature 299. 6 

5 Number of Scans 4000 

6 Acquisition Time 1. 0000

7 Acquisition Date 2024-07-28T19:31:59 

8 Spectrometer Frequency 100. 55 

9 Spectral Width 26041. 0 
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Parameter 

1 Title 

2 Origin 

Value 

zyx-13-236 
MS

3 Sol vent CDCl 3 

4 Temperature 300. 1

5 Number of Scans 2000 

6Acquisition Time 1.0001 

7 Acquisition Date 2024-07-28T06:27:42 

8 Spectrometer Frequency 100. 55 

9 Spectral Width 18028. 0 
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