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General Information. Acetonitrile (ACS grade), toluene (ACS grade), ethyl acetate 

(ACS grade) and hexanes (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. All reactions were carried out with a Titan HMS-

14 digital magnetic stirrer with hot plate. 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 Agilent 6230 ESI-TOF MS  

using electron spray ionization. X-ray diffraction analysis was recorded on a Rigaku 

AFC7R X-ray single crystal diffractometer. HPLC analyses were carried out in a 

chromatograph equipped with a UV diode-array detector using chiral stationary columns 

from Daicel. 

1H NMR spectra and 13C NMR spectra were recorded on a Bruker AV-400 

spectrometer and a Bruker AV-500 spectrometer in chloroform-d3. Chemical shifts are 

reported in ppm with the internal TMS signal at 0.0 ppm as a standard for 1H NMR 

spectra and with the internal chloroform signal at 77.0 ppm as a standard for 13C NMR 

spectra. The data is being reported as (s = singlet, d = doublet, t = triplet, m = multiplet or 

unresolved, brs = broad singlet, coupling constant(s) in Hz, integration).  



 

 

2. Optimization of Reaction Conditions 

 

 
a Reaction conditions: 1a (0.05 mmol), 2a (0.15 mmol), catalyst (0.0075 mmol), L (0.009 mmol), 

NaBArF
4 (0.009 mmol), solvent (2.5 mL), 25 °C, N2, 10−24 h, in vials. b Measured by 1H NMR using 

1,3,5-trimethoxybenzene as the internal reference. c Determined by HPLC analysis. d (CuOTf)2·C6H6 

(0.00375 mmol) was used. Bs = 4-bromobenzenesulfonyl, PMP = 4-methoxyphenyl, NaBArF
4 = 

sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate. 



 

 

3. General Procedures and Transformation 

3.1 Representative synthetic procedure for the preparation of ynamides 1 (1a–1p)1,2 

 

To a solution of the N-protected propargylamide derivative (1 mmol) in toluene (10 mL) 

were added copper bromide (0.4 mmol, 57.4 mg), DMEDA (0.8 mmol, 70.5 mg, 86 μL), 

Cs2CO3 (2 mmol, 651.6 mg) and 1-naphthylethyne bromide derivative (1.3 mmol). The 

reaction was stirred at 50 °C for 2 h. Upon completion (monitored by TLC), the reaction 

mixture was filtered through a Celite pad and the filtrate was concentrated under reduced 

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

PE/EtOAc) to afford the desired ynamide 1 (40–65% yield). 

 

4-bromo-N-((2-isopropylnaphthalen-1-yl)ethynyl)-N-(3-(4-methoxyphenyl)prop-2-

yn-1-yl)benzenesulfonamide (1a) 

 

1a 

Compound 1a was prepared in 50% yield (286.3 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 9.0 

Hz, 2H), 7.76 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.48 – 7.37 (m, 2H), 7.37 – 

7.28 (m, 1H), 7.09 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 4.68 (s, 2H), 3.79 (s, 3H), 

3.73 – 3.61 (m, 1H), 1.24 (d, J = 7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 160.0, 

149.4, 136.3, 133.7, 133.2, 132.3, 131.6, 129.8, 129.1, 128.7, 127.9, 126.8, 126.2, 125.6, 



 

 

123.1, 117.0, 113.9, 113.7, 89.9, 87.0, 79.6, 68.1, 55.3, 43.4, 32.2, 23.2; IR (neat): 

2961(bs), 2868, 2231(s), 1606, 1574, 1470, 1292, 1032, 968, 727 cm-1; HRESIMS Calcd 

for [C31H26BrNNaO3S]+ (M + Na+) 594.0709, found 594.0715.  

 

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

yl)benzenesulfonamide (1b) 

 

1b 

Compound 1b was prepared in 40% yield (197.4 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.30 (d, J = 8.0 Hz, 1H), 8.07 (d, J = 7.2 

Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.60 – 7.54 (m, 1H), 7.50 – 7.43 (m, 2H), 7.43 – 7.34 

(m, 2H), 7.33 – 7.28 (m, 1H), 7.13 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 8.8 Hz, 2H), 4.69 (s, 

2H), 3.76 (s, 3H), 3.73 – 3.62 (m, 1H), 1.23 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 159.9, 149.0, 137.4, 133.7, 133.6, 133.2, 131.5, 129.0, 128.4, 128.2, 127.8, 

126.7, 126.3, 125.4, 123.1, 117.3, 113.9, 113.8, 90.2, 86.7, 79.8, 68.0, 55.2, 43.1, 32.1, 

23.1; IR (neat): 2962(bs), 2922, 2231(s), 1606, 1509, 1448, 1292, 1031, 911, 820 cm-1; 

HRESIMS Calcd for [C31H27KNO3S]+ (M + K+) 532.1343, found 532.1335. 

 

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

methylbenzenesulfonamide (1c) 

 

1c 



 

 

Compound 1c was prepared in 55% yield (279.2 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 

Hz, 2H), 7.79 – 7.71 (m, 2H), 7.44 – 7.36 (m, 2H), 7.33 – 7.28 (m, 1H), 7.26 (d, J = 8.0 

Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 4.67 (s, 2H), 3.79 (s, 3H), 

3.75 – 3.63 (m, 1H), 2.35 (s, 3H), 1.24 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

δ 159.8, 149.0, 144.8, 134.4, 133.6, 133.2, 131.6, 129.6, 128.3, 127.8, 126.7, 126.4, 125.5, 

123.1, 117.4, 114.0, 113.7, 90.5, 86.6, 79.9, 67.9, 55.3, 43.1, 32.1, 23.2, 21.6; IR (neat): 

2961(bs), 2930, 2230(s), 1606, 1508, 1457, 1369, 1168, 1136, 911 cm-1; HRESIMS 

Calcd for [C32H29NNaO3S]+ (M + Na+) 530.1760, found 530.1771. 

 

N-((2-isopropylnaphthalen-1-yl)ethynyl)-4-methoxy-N-(3-(4-methoxyphenyl)prop-2-

yn-1-yl)benzenesulfonamide (1d) 

 

1d 

Compound 1d was prepared in 54% yield (282.8 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 8.4 Hz, 1H), 7.99 (d, J = 8.8 

Hz, 2H), 7.81 – 7.66 (m, 2H), 7.47 – 7.34 (m, 2H), 7.34 – 7.27 (m, 1H), 7.14 (d, J = 8.8 

Hz, 2H), 6.90 (d, J = 9.2 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 4.66 (s, 2H), 3.78 (s, 3H), 

3.74 (s, 3H), 3.72 – 3.64 (m, 1H), 1.24 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) 

δ 163.8, 159.8, 148.9, 133.6, 133.2, 131.6, 130.5, 128.8, 128.3, 127.8, 126.7, 126.4, 125.5, 

123.1, 117.5, 114.2, 114.1, 113.7, 90.7, 86.6, 80.1, 67.9, 55.5, 55.3, 43.1, 32.1, 23.2; IR 

(neat): 2926(bs), 2839, 2229(s), 1605, 1509, 1441, 1367, 1162, 1107, 911 cm-1; 

HRESIMS Calcd for [C32H29NNaO4S]+ (M + Na+) 546.1710, found 546.1703. 

 

4-bromo-N-((2-isopropyl-7-methylnaphthalen-1-yl)ethynyl)-N-(3-(4-

methoxyphenyl)prop-2-yn-1-yl)benzenesulfonamide (1e) 



 

 

 

1e 

Compound 1e was prepared in 61% yield (357.8 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.15 – 8.00 (m, 1H), 7.90 (d, J = 8.0 Hz, 

2H), 7.70 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.54 (d, J = 8.5 Hz, 2H), 7.32 (d, 

J = 8.5 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.05 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 8.0 Hz, 

2H), 4.68 (s, 2H), 3.74 (s, 3H), 3.73 – 3.58 (m, 1H), 2.34 (s, 3H), 1.36 – 1.08 (m, 6H); 

13C NMR (100 MHz, CDCl3) δ 159.9, 149.4, 136.7, 136.3, 133.9, 133.1, 132.2, 129.8, 

129.7, 129.0, 128.4, 127.7, 125.2, 122.1, 116.2, 113.9, 113.6, 89.7, 86.9, 79.5, 68.1, 55.2, 

43.3, 32.1, 23.1, 21.8; IR (neat): 2960(bs), 2928, 2233(s), 1605, 1574, 1442, 1292, 1032, 

835, 751 cm-1; HRESIMS Calcd for [C32H28BrNNaO3S]+ (M + Na+) 608.0865, found 

608.0871. 

 

8-(((4-bromo-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)phenyl)sulfonamido)ethynyl)-

7-isopropylnaphthalen-2-yl tert-butyl carbonate (1f) 

 

1f 

Compound 1f was prepared in 65% yield (447.6 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 2.4 Hz, 1H), 7.85 (d, J = 8.8 

Hz, 2H), 7.69 (d, J = 8.8 Hz, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.51 (d, J = 8.8 Hz, 2H), 7.27 

(d, J = 8.8 Hz, 1H), 7.21 (dd, J = 8.8, 2.4 Hz, 1H), 7.00 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 

8.8 Hz, 2H), 4.59 (s, 2H), 3.67 (s, 3H), 3.56 – 3.45 (m, 1H), 1.45 (s, 9H), 1.10 (d, J = 6.8 



 

 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 159.9, 151.9, 149.7, 149.5, 136.3, 134.1, 133.1, 

132.3, 129.7, 129.5, 129.4, 129.1, 128.1, 123.0, 120.6, 117.1, 117.0, 113.9, 113.6, 90.3, 

87.0, 83.5, 79.4, 67.9, 55.2, 43.3, 32.2, 27.7, 23.0; IR (neat): 2963(bs), 2934, 2233(s), 

1756, 1573, 1273, 1172, 1032, 835, 750 cm-1; HRESIMS Calcd for [C36H34BrNNaO6S]+ 

(M + Na+) 710.1182, found 710.1180. 

 

8-(((4-bromo-N-(3-(4-methoxyphenyl)prop-2-yn-1-yl)phenyl)sulfonamido)ethynyl)-

7-isopropylnaphthalen-2-yl trifluoromethanesulfonate (1g) 

 

1g 

Compound 1g was prepared in 63% yield (454.0 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 12:1) as 

a pale yellow oil.  1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 2.0 Hz, 1H), 7.83 (d, J = 8.4 

Hz, 2H), 7.75 (d, J = 8.8 Hz, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.38 

(d, J = 8.8 Hz, 1H), 7.24 (dd, J = 8.8, 2.0 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.69 (d, J = 

8.8 Hz, 2H), 4.60 (s, 2H), 3.68 (s, 3H), 3.59 – 3.48 (m, 1H), 1.13 (d, J = 6.8 Hz, 6H); 13C 

NMR (100 MHz, CDCl3) δ 160.0, 150.4, 148.0, 136.4, 133.8, 133.1, 132.4, 130.6(2), 

130.5(9), 129.6, 129.3, 128.0, 124.6, 119.3, 118.8 (q, J = 319.0 Hz), 118.0, 117.9, 113.9, 

113.5, 91.2, 87.1, 79.2, 67.4, 55.2, 43.2, 32.3, 22.9; 19F NMR (376 MHz, CDCl3) δ -72.6; 

IR (neat): 2963(bs), 2838, 2232(s), 1574, 1468, 1391, 1140, 1010, 979, 799 cm-1; 

HRESIMS Calcd for [C32H25BrF3NNaO6S2]
+ (M + Na+) 742.0151, found 742.0160. 

 

4-bromo-N-((2-isopropyl-6-methylnaphthalen-1-yl)ethynyl)-N-(3-(4-

methoxyphenyl)prop-2-yn-1-yl)benzenesulfonamide (1h) 



 

 

 

1h 

Compound 1h was prepared in 40% yield (234.6 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 12:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.8 

Hz, 2H), 7.66 (d, J = 8.8 Hz, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.51 (s, 1H), 7.35 (d, J = 8.4 

Hz, 1H), 7.16 (dd, J = 8.4, 1.6 Hz, 1H), 7.08 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 

4.67 (s, 2H), 3.77 (s, 3H), 3.70 – 3.56 (m, 1H), 2.44 (s, 3H), 1.22 (d, J = 6.8 Hz, 6H); 13C 

NMR (100 MHz, CDCl3) δ 159.9, 148.4, 136.2, 135.1, 133.1, 132.2, 131.9, 131.7, 129.7, 

129.1, 129.0, 128.1, 126.9, 126.0, 123.1, 116.7, 113.9, 113.6, 89.6, 87.0, 79.6, 68.2, 55.2, 

43.3, 32.0, 23.2, 21.4; IR (neat): 2960(bs), 2869, 2233(s), 1606, 1507, 1373, 1174, 1035, 

891, 767 cm-1; HRESIMS Calcd for [C32H28BrNNaO3S]+ (M + Na+) 608.0865, found 

608.0875. 

 

4-bromo-N-((2-ethylnaphthalen-1-yl)ethynyl)-N-(3-(4-methoxyphenyl)prop-2-yn-1-

yl)benzenesulfonamide (1i) 

 

1i 

Compound 1i was prepared in 40% yield (223.4 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.8 

Hz, 2H), 7.76 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 8.4 Hz, 2H), 7.43 

– 7.36 (m, 1H), 7.36 – 7.29 (m, 2H), 7.09 (d, J = 8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 

4.68 (s, 2H), 3.78 (s, 3H), 2.95 (q, J = 7.6 Hz, 2H), 1.23 (t, J = 7.6 Hz, 3H); 13C NMR 



 

 

(100 MHz, CDCl3) δ 159.9, 145.4, 136.2, 133.7, 133.1, 132.2, 131.5, 129.7, 129.1, 128.4, 

127.9, 126.8, 126.5, 125.9, 125.5, 117.4, 113.9, 113.6, 89.6, 87.0, 79.5, 68.1, 55.3, 43.3, 

28.4, 15.2; IR (neat): 2966(bs), 2932, 2231(s), 1606, 1574, 1441, 1390, 1172, 1069, 919 

cm-1; HRESIMS Calcd for [C30H24BrNNaO3S]+ (M + Na+) 580.0552, found 580.0560. 

 

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

yl)ethynyl)benzenesulfonamide (1j) 

 

1j 

Compound 1j was prepared in 65% yield (353.9 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.8 

Hz, 2H), 7.75 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 8.8 Hz, 2H), 7.41 

– 7.36 (m, 1H), 7.35 – 7.27 (m, 2H), 7.09 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H), 

4.67 (s, 2H), 3.77 (s, 3H), 2.58 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.9, 139.2, 

136.2, 133.5, 133.1, 132.2, 131.4, 129.7, 129.1, 128.0, 127.9(3), 127.8(6), 126.8, 125.8, 

125.4, 118.3, 113.9, 113.6, 90.2, 87.0, 79.5, 68.6, 55.2, 43.4, 21.3; IR (neat): 2932(bs), 

2838, 2233(s), 1606, 1574, 1508, 1372, 1249, 1172, 815 cm-1; HRESIMS Calcd for 

[C29H22BrNNaO3S]+ (M + Na+) 566.0396, found 566.0391. 

 

4-bromo-N-((2-isopropylnaphthalen-1-yl)ethynyl)-N-(3-(4-phenoxyphenyl)prop-2-

yn-1-yl)benzenesulfonamide (1k) 

 

1k 



 

 

Compound 1k was prepared in 57% yield (361.2 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.17 (d, J = 8.5 Hz, 1H), 7.78 (d, J = 8.5 

Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H), 7.31 – 7.24 (m, 2H), 7.23 – 

7.16 (m, 3H), 7.03 – 6.95 (m, 3H), 6.88 (d, J = 8.0 Hz, 2H), 6.77 (d, J = 9.0 Hz, 2H), 4.56 

(s, 2H), 3.68 – 3.39 (m, 1H), 1.13 (d, J = 6.5 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 

157.9, 156.1, 149.3, 136.2, 133.6, 133.3, 132.2, 131.5, 129.8, 129.7, 129.1, 128.7, 127.9, 

126.7, 126.1, 125.5, 123.9, 123.1, 119.3, 118.2, 116.9, 116.0, 89.9, 86.6, 80.3, 68.1, 43.2, 

32.1, 23.1; IR (neat): 3056(bs), 2961, 2231(s), 1588, 1503, 1370, 1243, 1087, 868, 757 

cm-1; HRESIMS Calcd for [C36H28BrNNaO3S]+ (M + Na+) 656.0865, found 656.0878. 

 

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

yl)ethynyl)benzenesulfonamide (1l) 

 

1l 

Compound 1l was prepared in 50% yield (324.3 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.4 

Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.41 – 7.28 (m, 8H), 7.08 (d, 

J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 5.02 (s, 2H), 4.66 (s, 2H), 3.74 – 3.59 (m, 1H), 

1.23 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 159.1, 149.3, 136.4, 136.2, 

133.7, 133.2, 132.2, 131.6, 129.7, 129.1, 128.7, 128.6, 128.1, 127.9, 127.4, 126.8, 126.2, 

125.5, 123.1, 117.0, 114.9, 113.9, 89.9, 87.0, 79.7, 69.9, 68.1, 43.3, 32.1, 23.1; IR (neat): 

2961(bs), 2927, 2232(s), 1605, 1508, 1390, 1173, 1010, 821, 750 cm-1; HRESIMS Calcd 

for [C37H30BrNNaO3S]+ (M + Na+) 670.1022, found 670.1030. 

 

4-bromo-N-((2-isopropylnaphthalen-1-yl)ethynyl)-N-(3-(p-tolyl)prop-2-yn-1-

yl)benzenesulfonamide (1m) 



 

 

 

1m 

Compound 1m was prepared in 52% yield (289.4 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 

Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.47 – 7.37 (m, 2H), 7.36 – 

7.28 (m, 1H), 7.08 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 4.70 (s, 2H), 3.81 – 3.56 

(m, 1H), 2.33 (s, 3H), 1.23 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 149.4, 

139.0, 136.2, 133.7, 132.3, 131.5, 129.8, 129.2, 129.1, 128.7, 127.9, 126.8, 126.2, 125.6, 

123.1, 118.5, 116.9, 89.9, 87.2, 80.3, 68.0, 43.3, 32.1, 23.2, 21.5; IR (neat): 2961(bs), 

2925, 2232(s), 1574, 1509, 1390, 1371, 1173, 1088, 817 cm-1; HRESIMS Calcd for 

[C31H26BrNNaO2S]+ (M + Na+) 578.0760, found 578.0768. 

 

4-bromo-N-((2-isopropylnaphthalen-1-yl)ethynyl)-N-(3-(2-methoxyphenyl)prop-2-

yn-1-yl)benzenesulfonamide (1n) 

 

1n 

Compound 1n was prepared in 58% yield (332.1 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.4 

Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.43 – 7.33 (m, 2H), 7.32 – 

7.22 (m, 2H), 7.00 (dd, J = 7.6, 1.6 Hz, 1H), 6.86 – 6.80 (m, 1H), 6.78 (d, J = 8.4 Hz, 1H), 

4.76 (s, 2H), 3.69 (s, 3H), 3.68 – 3.61 (m, 1H), 1.22 (d, J = 6.8 Hz, 6H); 13C NMR (100 

MHz, CDCl3) δ 160.0, 149.2, 136.1, 133.7, 133.6, 132.1, 131.5, 130.3, 129.7, 129.0, 



 

 

128.5, 127.8, 126.6, 126.2, 125.5, 123.0, 120.3, 117.0, 110.7, 110.5, 89.8, 84.8, 83.6, 68.1, 

55.5, 43.4, 32.0, 23.1; IR (neat): 2961(bs), 2930, 2231(s), 1574, 1493, 1463, 1176, 1049, 

819, 751 cm-1; HRESIMS Calcd for [C31H26BrNKO3S]+ (M + K+) 610.0448, found 

610.0445. 

 

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

1-yl)ethynyl)benzenesulfonamide (1o) 

 

1o 

Compound 1o was prepared in 58% yield (340.2 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.27 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 9.0 

Hz, 2H), 7.75 (d, J = 9.0 Hz, 2H), 7.57 (d, J = 9.0 Hz, 2H), 7.42 – 7.34 (m, 3H), 6.71 – 

6.64 (m, 2H), 6.60 (d, J = 1.5 Hz, 1H), 5.93 (s, 2H), 4.66 (s, 2H), 3.72 – 3.62 (m, 1H), 

1.25 (d, J = 7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 149.3, 148.3, 147.3, 136.2, 

133.6, 132.2, 131.5, 129.7, 129.1, 128.7, 127.9, 126.8, 126.5, 126.1, 125.5, 123.1, 116.9, 

114.7, 111.4, 108.4 101.4, 89.9, 86.9, 79.3, 68.1, 43.2, 32.1, 23.1; IR (neat): 2962(bs), 

2231(s), 1574, 1490, 1365, 1213, 1069, 1034, 817 cm-1; HRESIMS Calcd for 

[C31H24BrNNaO4S]+ (M + Na+) 608.0502, found 608.0510. 

 

4-bromo-N-((2-isopropylnaphthalen-1-yl)ethynyl)-N-(3-(thiophen-2-yl)prop-2-yn-1-

yl)benzenesulfonamide (1p) 

 

1p 



 

 

Compound 1p was prepared in 45% yield (228.6 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.25 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.5 

Hz, 2H), 7.78 – 7.74 (m, 2H), 7.60 (d, J = 8.5 Hz, 2H), 7.42 – 7.35 (m, 3H), 7.25 (dd, J = 

5.0, 1.0 Hz, 1H), 7.02 (dd, J = 3.5, 1.0 Hz, 1H), 6.93 (dd, J = 5.0, 3.5 Hz, 1H), 4.71 (s, 

2H), 3.70 – 3.59 (m, 1H), 1.25 (d, J = 7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 149.5, 

136.1, 133.7, 132.9, 132.4, 131.6, 129.7, 129.4, 128.8, 127.9, 126.9, 126.8, 126.1, 125.6, 

123.1, 121.4, 116.8, 89.7, 84.9, 80.3, 68.2, 43.3, 32.2, 23.1; IR (neat): 2961(bs), 2868, 

2232(s), 1591, 1574, 1470, 1174, 1069, 912 cm-1; HRESIMS Calcd for 

[C28H22BrNNaO2S2]
+ (M + Na+) 570.0168, found 570.0161. 

 

3.2 General procedure for the synthesis of 1,2-diketones 2 (2b–2g) 3,4 

 

To a solution of terminal aryl acetylene (2.0 mmol) in diisopropylamine (10 mL) were 

added copper iodide (0.04 mmol, 7.6 mg), Pd(PPh3)2Cl2 (0.01 mmol, 7.0 mg) and aryl 

iodide (2.2 mmol) sequentially. The reaction was stirred at 50 °C for 2 h. Upon 

completion (monitored by TLC), the reaction mixture was filtered through a Celite pad 

and the filtrate was concentrated under reduced pressure. The residue was purified by 

column chromatography on silica gel (eluent: PE/EtOAc) to afford the target internal 

alkyne. 

To a solution of the above internal alkyne (2 mmol) in CH3CN/H2O (3:1, 10 mL) were 

added Ru/C (5% on carbon, 0.5 mol %, 20.0 mg), concentrated H2SO4 (0.8 mmol) and 

NaIO4 (4.4 mmol, 941.1 mg) sequentially. The reaction was stirred at room temperature 

for 2 h. Upon completion (monitored by TLC), the reaction mixture was filtered through 

a Celite pad and the filtrate was concentrated under reduced pressure. The residue was 

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

product 2 (40–50% yield). 1,2-diketones 2a and 2f are commercially available 

compounds. 



 

 

 

1,2-bis(4-ethoxyphenyl)ethane-1,2-dione (2b) 

 

2b 

Compound 2b was prepared in 50% yield (149.2 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as 

a white solid (mp 148-149 °C). 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J = 9.0 Hz, 4H), 

6.94 (d, J = 9.0 Hz, 4H), 4.11 (q, J = 7.0 Hz, 4H), 1.44 (t, J = 7.0 Hz, 6H); 13C NMR (125 

MHz, CDCl3) δ 193.5, 164.3, 132.3, 126.1, 114.7, 64.0, 14.6; IR (neat): 2978(bs), 2860, 

1657(s), 1574, 1510, 1477, 1312, 1167, 921, 850 cm-1; HRESIMS Calcd for 

[C18H18NaO4]
+ (M + Na+) 321.1089, found 321.1087. 

 

1,2-bis(4-(benzyloxy)phenyl)ethane-1,2-dione (2c) 

 

2c 

Compound 2c was prepared in 45% yield (190.1 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 18:1) as  

yellow solid (mp 180-181 °C). 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 9.2 Hz, 4H), 

7.41 – 7.30 (m, 10H), 7.01 (d, J = 8.8 Hz, 4H), 5.11 (s, 4H); 13C NMR (100 MHz, CDCl3) 

δ 193.3, 163.9, 135.8, 132.3, 128.7, 128.3, 127.4, 126.4, 115.1, 70.2; IR (neat): 3067(bs), 

3035, 2915, 1668(s), 1601, 1498, 1313, 1169, 898, 852 cm-1; HRESIMS Calcd for 

[C28H22NaO4]
+ (M + Na+) 445.1410, found 445.1417. 

 

1,2-bis(4-((triisopropylsilyl)oxy)phenyl)ethane-1,2-dione (2d) 



 

 

 

2d 

Compound 2d was prepared in 40% yield (222.0 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 30:1) as  

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 4H), 6.94 (d, J = 8.8 Hz, 

4H), 1.33 – 1.25 (m, 6H), 1.10 (d, J = 7.2 Hz, 36H); 13C NMR (100 MHz, CDCl3) δ 

193.4, 162.2, 132.3, 126.5, 120.1, 17.8, 12.7; IR (neat): 3041(bs), 2943, 2869, 1668(s), 

1596, 1464, 1368, 1156, 997, 848 cm-1; HRESIMS Calcd for [C32H50NaO4Si2]
+ (M + Na+) 

577.3140, found 577.3134. 

 

1,2-bis(4-(benzyloxy)phenyl)ethane-1,2-dione (2e) 

 

2e 

Compound 2e was prepared in 43% yield (202.4 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 30:1) as  

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.91 (d, J = 8.8 Hz, 4H), 6.91 (d, J = 8.8 Hz, 

4H), 0.98 (s, 18H), 0.24 (s, 12H); 13C NMR (100 MHz, CDCl3) δ 193.4, 161.7, 132.2, 

126.7, 120.3, 25.5, 18.2, -4.4; IR (neat): 3044(bs), 2953, 2871, 1668(s), 1599, 1465, 1366, 

1157, 998, 841 cm-1; HRESIMS Calcd for [C26H38NaO4Si2]
+ (M + Na+) 493.2201, found 

493.2190. 

 

1,2-bis(2-methoxyphenyl)ethane-1,2-dione (2g) 

 

2g 



 

 

Compound 2g was prepared in 45% yield (121.6 mg) according to the general procedure. 

The substrate was isolated through silica gel column chromatography (PE:EA = 15:1) as  

a pale brown solid (mp 154-155 °C). 1H NMR (400 MHz, CDCl3) δ 8.08 (dd, J = 8.0, 1.6 

Hz, 2H), 7.63 – 7.52 (m, 2H), 7.16 – 7.09 (m, 2H), 6.95 (d, J = 8.4 Hz, 2H), 3.58 (s, 6H); 

13C NMR (100 MHz, CDCl3) δ 192.4, 160.3, 135.5, 130.4, 123.4, 121.3, 112.5, 55.8; IR 

(neat): 2931(bs), 2887, 2856, 1667(s), 1593, 1472, 1277, 1158, 906, 842 cm-1; HRESIMS 

Calcd for [C16H14NaO4]
+ (M + Na+) 293.0784, found 293.0778. 

 

3.3 General procedure for the synthesis of axially chiral naphthylpyrroles 3:  

 

The powered CuTC (0.015 mmol, 2.9 mg), ligand L7 (0.018 mmol, 11.2 mg) and 

NaBArF
4 (0.018 mmol, 16.0 mg) were introduced into an oven-dried vial tube under 

nitrogen atmosphere. After adding DCM (2.5 mL) into the vial tube, the solution was 

stirred at 30 °C under the nitrogen atmosphere for 2 h. Then the solution of N-propargyl 

ynamide 1 (0.1 mmol) and diketone 2 (0.3 mmol) in DCM (2.5 mL) was introduced into 

the system subsequently. The resulting mixture was stirred at 25 °C and the progress of 

the reaction was monitored by TLC. Upon completion, the mixture was concentrated 

under reduced pressure, and the residue was purified chromatography on silica gel (eluent: 

toluene/acetone) to give the desired axially chiral naphthylpyrrole 3. 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropylnaphthalen-1-yl)-4-(2,4,5-tris(4-

methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3a) 

 



 

 

3a 

Compound 3a was prepared in 72% yield (60.7 mg) according to the general procedure. 

Pale yellow solid (mp 211-212 °C). [α]D
25 = +28.1º (c = 1.0, CHCl3). 93% ee (determined 

by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.81 

min (minor), 6.51 min (major)). 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 8.4 Hz, 2H), 

7.71 – 7.63 (m, 4H), 7.30 – 7.26 (m, 2H), 7.22 (d, J = 9.0 Hz, 2H), 7.20 – 7.16 (m, 2H), 

7.15 – 7.10 (m, 1H), 7.05 (d, J = 2.4 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 9.0 

Hz, 2H), 6.65 (d, J = 8.4 Hz, 2H), 6.62 (d, J = 8.4 Hz, 2H), 6.59 (d, J = 9.0 Hz, 2H), 3.76 

(s, 3H), 3.74 (s, 3H), 3.72 (s, 3H), 2.79 – 2.72 (m, 1H), 0.96 (d, J = 6.6 Hz, 3H), 0.89 (d, 

J = 6.6 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 159.5, 158.9, 158.8, 145.2, 137.8, 133.8, 

133.2, 132.7, 131.9, 131.7, 131.4, 129.3, 128.3, 128.2, 127.7, 127.5(4), 127.4(9), 127.1(3), 

127.0(7), 126.9, 126.1, 125.2, 124.4, 122.9, 121.6, 121.3(3), 121.3(0), 113.3(1), 113.2(5), 

112.9, 108.0, 55.1(7), 55.1(5), 30.8, 25.7, 21.4; IR (neat): 2957(bs), 2924, 1608, 

1515,1392, 1174, 1124, 1066, 832, 745 cm-1; HRESIMS Calcd for [C47H40BrNNaO7S]+ 

(M + Na+) 864.1601, found 864.1598.  

 

(S)-3-(2-isopropylnaphthalen-1-yl)-1-(phenylsulfonyl)-4-(2,4,5-tris(4-

methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3b) 

 

3b 

Compound 3b was prepared in 65% yield (49.7 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +28.1º (c = 1.0, CHCl3). 89% ee (determined by HPLC: 

Chiralpak IA Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.91 min 

(major), 6.35 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 7.5 Hz, 2H), 7.70 

– 7.63 (m, 3H), 7.56 – 7.52 (m, 2H), 7.27 (d, J = 8.5 Hz, 2H), 7.24 – 7.19 (m, 4H), 7.13 – 

7.09 (m, 1H), 7.07 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 6.70 (d, J = 8.5 Hz, 2H), 

6.66 – 6.61 (m, 4H), 6.58 (d, J = 8.5 Hz, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 



 

 

2.83 – 2.71 (m, 1H), 0.94 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 7.0 Hz, 3H); 13C NMR (125 

MHz, CDCl3) δ 159.5, 158.9, 158.8, 145.3, 138.9, 134.0, 133.9, 133.4, 131.8, 131.7, 

131.5, 130.9, 129.4, 128.1, 127.8, 127.7, 127.6, 127.2, 127.1, 126.9, 126.8, 125.7, 125.2, 

124.3, 122.9, 121.7, 121.4, 121.4, 113.3, 113.2, 112.9, 108.1, 55.2, 55.1, 30.8, 25.6, 21.5; 

IR (neat): 2958(bs), 2925, 1607, 1515, 1248, 1173, 1089, 1066, 831, 744 cm-1; 

HRESIMS Calcd for [C47H41NNaO7S]+ (M + Na+) 786.2496, found 786.2500. 

 

(S)-3-(2-isopropylnaphthalen-1-yl)-1-tosyl-4-(2,4,5-tris(4-methoxyphenyl)-1,3-

dioxol-2-yl)-1H-pyrrole (3c) 

 

3c 

Compound 3c was prepared in 73% yield (56.8 mg) according to the general procedure. 

Pale yellow solid (mp 185-186 °C). [α]D
25 = +131.2º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; 

TR = 6.54 min (minor), 7.35 min (major)). 1H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 8.4 

Hz, 2H), 7.68 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.28 

(d, J = 8.4 Hz, 2H), 7.25 – 7.22 (m, 3H), 7.18 (d, J = 2.4 Hz, 1H), 7.14 – 7.09 (m, 1H), 

7.06 (d, J = 2.4 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 6.69 (d, J = 9.0 Hz, 2H), 6.67 – 6.59 

(m, 4H), 6.58 (d, J = 9.0 Hz, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 2.84 – 2.75 (m, 

1H), 2.46 (s, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H); 13C NMR (150 MHz, 

CDCl3) δ 159.5, 158.8, 158.7, 145.3, 145.1, 135.9, 133.9, 133.4, 131.8, 131.7, 131.5, 

130.6, 130.0, 128.0, 127.9, 127.7, 127.5, 127.3, 127.1, 126.9(3), 126.8(8), 125.4, 125.1, 

124.3, 122.9, 121.7, 121.4, 121.3, 113.3, 113.2, 112.9, 108.1, 55.1(7), 55.1(5), 30.8, 25.7, 

21.7, 21.5; IR (neat): 2958(bs), 2925, 1959, 1608, 1515, 1248, 1173, 1066 cm-1; 

HRESIMS Calcd for [C48H43NNaO7S]+ (M + Na+) 800.2652, found 800.2640. 

 



 

 

(S)-3-(2-isopropylnaphthalen-1-yl)-1-((4-methoxyphenyl)sulfonyl)-4-(2,4,5-tris(4-

methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3d) 

 

3d 

Compound 3d was prepared in 70% yield (55.6 mg) according to the general procedure. 

Pale yellow solid (mp 199-200 °C). [α]D
25 = +28.1º (c = 1.0, CHCl3). 94% ee (determined 

by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.12 

min (minor), 9.16 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.8 Hz, 2H), 

7.70 – 7.64 (m, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.25 – 7.20 (m, 3H), 7.17 (d, J = 2.4 Hz, 

1H), 7.15 – 7.10 (m, 1H), 7.06 (d, J = 2.4 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 

8.8 Hz, 2H), 6.69 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 6.6 Hz, 2H), 6.63 (d, J = 6.6 Hz, 2H), 

6.58 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H), 3.75 (s, 3H), 3.73 (s, 3H), 3.72 (s, 3H), 2.85 – 2.75 

(m, 1H), 0.96 (d, J = 6.8 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 163.9, 159.5, 158.8, 158.7, 145.3, 133.9, 133.4, 131.8, 131.7, 131.5, 130.5, 130.3, 129.2, 

128.0(2), 127.9(5), 127.7, 127.5, 127.3, 127.1, 126.9, 125.3, 125.1, 124.3, 122.9, 121.7, 

121.2(4), 121.2(0), 114.6, 113.3, 113.2, 112.9, 108.2, 55.8, 55.2, 30.8, 25.7, 21.5; IR 

(neat): 2955(bs), 2920, 1959, 1595, 1516, 1374, 1248, 1167 cm-1; HRESIMS Calcd for 

[C48H43NNaO8S]+ (M + Na+) 816.2602, found 816.2592.  

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropyl-7-methylnaphthalen-1-yl)-4-(2,4,5-

tris(4-methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3e) 

 

3e 



 

 

Compound 3e was prepared in 61% yield (52.3 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +18.5º (c = 1.0, CHCl3). 96% ee (determined by HPLC: 

Chiralpak ODH Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.45 min 

(major), 19.78 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.5 Hz, 2H), 7.68 

– 7.64 (m, 3H), 7.53 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 2.5 Hz, 1H), 7.23 (d, J = 8.5 Hz, 

1H), 7.15 (d, J = 9.0 Hz, 2H), 7.07 – 7.04 (m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 6.93 (d, J = 

8.5 Hz, 2H), 6.86 (d, J = 8.5 Hz, 2H), 6.80 (s, 1H), 6.65 (d, J = 7.0 Hz, 2H), 6.64 (d, J = 

7.0 Hz, 2H), 6.56 (d, J = 8.5 Hz, 2H), 3.75 (s, 3H), 3.74 (s, 3H), 3.68 (s, 3H), 2.78 – 2.69 

(m, 1H), 2.14 (s, 3H), 0.95 (d, J = 7.0 Hz, 3H), 0.93 (d, J = 7.0 Hz, 3H); 13C NMR (125 

MHz, CDCl3) δ 159.4, 158.9, 158.9, 145.2, 137.9, 134.6, 133.8, 133.1, 132.7, 131.8, 

131.6, 129.6, 129.2, 128.2, 127.9, 127.6(1), 127.5(7), 126.9, 126.7(8), 126.7(6), 126.6, 

126.2, 126.1, 122.0, 121.7, 121.6, 121.3, 120.9, 113.3(2), 113.2(9), 112.7, 108.0, 55.2, 

55.1, 30.8, 25.6, 21.8, 21.6; IR (neat): 2958(bs), 2928, 1608, 1574, 1299, 1175, 1089, 

1065, 832, 745 cm-1; HRESIMS Calcd for [C48H42BrNNaO7S]+ (M + Na+) 878.1758, 

found 878.1769.  

 

(S)-8-(1-((4-bromophenyl)sulfonyl)-4-(2,4,5-tris(4-methoxyphenyl)-1,3-dioxol-2-yl)-

1H-pyrrol-3-yl)-7-isopropylnaphthalen-2-yl tert-butyl carbonate (3f) 

 

3f 

Compound 3f was prepared in 50% yield (47.9 mg) according to the general procedure. 

Pale yellow solid (mp 210-212 °C). [α]D
25 = +120.1º (c = 1.0, CHCl3). 88% ee 

(determined by HPLC: Chiralpak ODH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 

nm; TR = 6.52 min (major), 10.48 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.74 (d, J 

= 8.5 Hz, 2H), 7.68 (d, J = 8.5 Hz, 2H), 7.65 (d, J = 9.0 Hz, 1H), 7.63 (d, J = 9.0 Hz, 1H), 

7.26 – 7.22 (m, 3H), 7.19 (dd, J = 8.5, 2.5 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 7.10 (d, J = 

2.5 Hz, 1H), 7.08 (d, J = 2.5 Hz, 1H), 6.99 (d, J = 9.0 Hz, 2H), 6.77 (d, J = 9.0 Hz, 2H), 



 

 

6.68 (d, J = 8.5 Hz, 2H), 6.61 (d, J = 7.0 Hz, 2H), 6.60 (d, J = 7.0 Hz, 2H), 3.75 (s, 3H), 

3.73 (s, 3H), 3.71 (s, 3H), 2.84 – 2.71 (m, 1H), 1.57 (s, 9H), 0.93 (d, J = 7.0 Hz, 3H), 

0.91 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 159.5, 159.0, 158.7, 151.8, 

148.4, 146.2, 137.9, 134.4, 133.0, 132.8, 131.8, 131.7, 131.0, 129.3, 128.4, 128.3, 127.9, 

127.4, 127.2, 126.9, 125.3, 122.8, 121.7, 121.6, 121.2, 119.5, 117.3, 113.4, 113.3, 112.9, 

107.9, 83.2, 55.2, 55.1(2), 55.1(0), 30.8, 27.8, 25.7, 21.3; IR (neat): 2958(bs), 2933, 1758, 

1515, 1298, 1249, 1173, 1089, 834, 745 cm-1; HRESIMS Calcd for [C52H48BrNNaO10S]+ 

(M + Na+) 980.2075, found 980.2076.  

 

(S)-8-(1-((4-bromophenyl)sulfonyl)-4-(2,4,5-tris(4-methoxyphenyl)-1,3-dioxol-2-yl)-

1H-pyrrol-3-yl)-7-isopropylnaphthalen-2-yl trifluoromethanesulfonate (3g) 

 

3g 

Compound 3g was prepared in 76% yield (75.3 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +28.7º (c = 1.0, CHCl3). 83% ee (determined by HPLC: 

Chiralpak IA Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.03 min 

(minor), 6.58 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.67 (d, J = 8.5 Hz, 2H), 7.64 

– 7.58 (m, 4H), 7.30 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 2.5 Hz, 

1H), 7.05 (d, J = 2.5 Hz, 1H), 7.04 – 7.00 (m, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 

8.5 Hz, 2H), 6.60 (d, J = 8.5 Hz, 2H), 6.58 (d, J = 8.5 Hz, 2H), 6.51 (d, J = 8.5 Hz, 2H), 

3.68 (s, 3H), 3.65 (s, 3H), 3.65 (s, 3H), 2.88 – 2.78 (m, 1H), 0.93 (d, J = 7.0 Hz, 3H), 

0.89 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 159.6, 159.0, 158.8, 147.5, 

146.8, 137.6, 134.2, 132.9(9), 132.9(5), 131.8, 131.6, 130.9, 130.3, 129.7, 129.6, 128.2, 

128.1, 128.0, 127.8, 127.1, 126.9, 124.5, 121.5, 121.4(3), 121.3(5), 121.1, 118.7(0), 

118.6(7) (q, J = 318.8 Hz), 117.8, 113.4, 113.3, 113.0, 107.8, 55.1(7), 55.1(5), 55.1(1), 

31.0, 25.6, 21.4; 19F NMR (376 MHz, CDCl3) δ -73.0; IR (neat): 2961(bs), 2932, 1608, 



 

 

1516, 1248, 1213, 1176, 1066, 834, 745 cm-1; HRESIMS Calcd for 

[C48H39BrF3NNaO10S2]
+ (M + Na+) 1012.1043, found 1012.1049. 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropyl-6-methylnaphthalen-1-yl)-4-(2,4,5-

tris(4-methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3h) 

 

3h 

Compound 3h was prepared in 63% yield (54.0 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +15.4º (c = 1.0, CHCl3). 89% ee (determined by HPLC: 

Chiralpak IC Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.57 min 

(minor), 8.50 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.5 Hz, 2H), 7.67 

(d, J = 8.5 Hz, 2H), 7.60 (d, J = 9.0 Hz, 1H), 7.42 (s, 1H), 7.25 (s, 1H), 7.24 – 7.21 (m, 

2H), 7.18 (d, J = 2.5 Hz, 1H), 7.06 (d, J = 8.5 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 6.92 (dd, 

J = 8.5, 2.0 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 6.75 (d, J = 9.0 Hz, 2H), 6.65 (d, J = 5.0 

Hz, 2H), 6.63 (d, J = 5.0 Hz, 2H), 6.61 (d, J = 9.0 Hz, 2H), 3.75 (s, 3H), 3.74 (s, 3H), 

3.72 (s, 3H), 2.76 – 2.66 (m, 1H), 2.40 (s, 3H), 0.95 (d, J =7.0 Hz, 3H), 0.87 (d, J = 7.0 

Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 159.6, 158.9, 158.8, 144.2, 137.8, 133.8, 133.2, 

132.8, 132.7, 132.0, 131.9, 131.7, 131.6, 131.5, 129.2, 128.3, 128.2, 127.6(5), 127.5(7), 

127.4, 127.3, 127.0, 126.9, 126.3, 126.0, 122.9, 121.7, 121.3, 121.3, 113.3, 113.2, 112.9, 

108.0, 55.2, 55.1, 30.7, 25.7, 21.5, 21.3; IR (neat): 2958(bs), 2926, 1608, 1516, 1249, 

1174, 1089, 1067, 831, 745 cm-1; HRESIMS Calcd for [C48H42BrNNaO7S]+ (M + Na+) 

878.1758, found 878.1765. 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-ethylnaphthalen-1-yl)-4-(2,4,5-tris(4-

methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3i) 



 

 

 

3i 

Compound 3i was prepared in 74% yield (61.3 mg) according to the general procedure. 

Pale yellow solid (mp 188-190 °C). [α]D
25 = +28.1º (c = 1.0, CHCl3). 88% ee (determined 

by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.42 

min (minor), 7.12 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.76 – 7.66 (m, 4H), 7.66 

– 7.60 (m, 2H),7.32 – 7.26 (m, 1H), 7.24 – 7.11 (m, 6H), 7.09 – 7.03 (m, 1H), 6.96 (d, J 

= 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz, 4H), 6.64 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H), 

3.77 (s, 3H), 3.73 (s, 6H), 2.37 – 2.24 (m, 1H), 2.17 – 2.06 (m, 1H), 0.91 (t, J = 7.6 Hz, 

3H); 13C NMR (125 MHz, CDCl3) δ 159.6, 158.9, 158.8, 141.5, 137.8, 133.9, 133.0, 

132.8, 131.7, 131.6(3), 131.5(7), 131.5(1), 129.3, 128.3, 128.0, 127.9, 127.5, 127.4, 127.3, 

126.9, 126.7, 126.4, 126.3, 125.3, 124.3, 121.7, 121.6, 121.2, 120.9, 113.4, 113.3, 112.9, 

107.8, 55.1(8), 55.1(6), 27.3, 15.7; IR (neat): 2951(bs), 2924, 1608, 1515, 1391, 1248, 

1174, 1063 cm-1; HRESIMS Calcd for [C46H38BrNNaO7S]+ (M + Na+) 850.1445, found 

850.1440.  

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-methylnaphthalen-1-yl)-4-(2,4,5-tris(4-

methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3j) 

 

3j 

Compound 3j was prepared in 71% yield (57.8 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +28.1º (c = 1.0, CHCl3). 86% ee (determined by HPLC: 

Chiralpak IC Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 15.39 min 

(minor), 17.11 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.8 Hz, 2H), 7.70 



 

 

– 7.63 (m, 3H), 7.59 (d, J = 8.4 Hz, 1H), 7.32 – 7.26 (m, 1H), 7.23 – 7.13 (m, 5H), 7.10 

(d, J = 8.4 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 6.74 – 6.66 (m, 

4H), 6.63 (d, J = 8.4 Hz, 2H), 6.59 (d, J = 8.4 Hz, 2H), 3.77 (s, 3H), 3.74 (s, 3H), 3.73 (s, 

3H), 1.93 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.6, 158.9, 158.8, 137.8, 135.6, 

133.9, 133.0, 132.8, 131.7, 131.6, 131.5, 129.3, 128.7, 128.3, 127.9, 127.6, 127.5, 127.4, 

127.3, 126.9, 126.6, 126.5, 125.3, 124.2, 121.7, 121.6, 120.9, 113.4, 113.3, 112.9, 107.8, 

55.1(8), 55.1(6), 20.8; IR (neat): 2920(bs), 2853, 1958, 1608, 1515, 1391, 1248, 1174 cm-

1; HRESIMS Calcd for [C45H36BrNNaO7S]+ (M + Na+) 836.1288, found 836.1273.  

 

(S)-3-(4,5-bis(4-methoxyphenyl)-2-(4-phenoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3k) 

 

3k 

Compound 3k was prepared in 57% yield (51.6 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +24.9º (c = 1.0, CHCl3). 90% ee (determined by HPLC: 

Chiralpak IC Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.13 min 

(minor), 12.66 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.74 (d, J = 8.5 Hz, 2H), 7.71 

– 7.66 (m, 4H), 7.35 – 7.28 (m, 4H), 7.25 – 7.23 (m, 3H), 7.21 – 7.18 (m, 1H), 7.17 – 

7.14 (m, 1H), 7.12 – 7.09 (m, 1H), 7.06 (d, J = 2.5 Hz, 1H), 6.98 – 6.95 (m, 2H), 6.93 (d, 

J = 8.5 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 6.70 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 

2H), 6.62 (d, J = 9.0 Hz, 2H), 3.76 (s, 3H), 3.74 (s, 3H), 2.82 – 2.72 (m, 1H), 0.96 (d, J = 

7.0 Hz, 3H), 0.91 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 159.0, 158.9, 157.6, 

156.4, 145.3, 137.8, 135.5, 133.8, 132.8(1), 132.7(6), 131.9, 131.8, 131.5, 131.1, 129.7, 

129.3, 128.2(9), 128.2(5), 127.6, 127.4, 127.2, 127.1, 127.0, 126.0, 125.2, 124.5, 123.6, 

122.9, 121.5, 121.4, 121.3, 119.5, 117.1, 113.4, 113.3, 107.9, 55.1(9), 55.1(8), 30.8, 25.7, 

21.5; IR (neat): 2958(bs), 2928, 1516, 1247, 1177, 1090, 1066, 1033, 832, 744 cm-1; 

HRESIMS Calcd for [C52H42BrNNaO7S]+ (M + Na+) 926.1758, found 926.1788. 



 

 

 

(S)-3-(2-(4-(benzyloxy)phenyl)-4,5-bis(4-methoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3l) 

 

3l 

Compound 3l was prepared in 72% yield (66.2 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +34.5º (c = 1.0, CHCl3). 89% ee (determined by HPLC: 

Chiralpak IA Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.48 min 

(major), 8.43 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 8.5 Hz, 2H), 7.70 

– 7.61 (m, 4H), 7.42 – 7.36 (m, 4H), 7.33 – 7.29 (m, 1H), 7.29 – 7.25 (m, 2H), 7.23 – 

7.20 (m, 3H), 7.19 – 7.16 (m, 1H), 7.14 – 7.10 (m, 1H), 7.05 (d, J = 2.5 Hz, 1H), 6.92 (d, 

J = 8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 2H), 6.69 (d, J = 9.0 Hz, 2H), 6.65 (d, J = 9.0 Hz, 

2H), 6.60 (d, J = 8.5 Hz, 2H), 4.94 (s, 2H), 3.74 (s, 3H), 3.73 (s, 3H), 2.89 – 2.67 (m, 1H), 

0.95 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 158.9, 

158.8(4), 158.8(0), 145.2, 137.7, 136.9, 133.8, 133.4, 132.8, 132.7, 131.9, 131.7, 131.4(3), 

131.4(1), 129.3, 128.6, 128.3, 128.2, 128.0, 127.6, 127.5(4), 127.4(6), 127.1(2), 127.0(6), 

126.9, 126.1, 125.2, 124.3, 122.9, 121.6, 121.3(3), 121.2(7), 113.8, 113.3(1), 113.2(7), 

108.0, 69.9, 55.1(5), 55.1(3), 30.8, 25.7, 21.4; IR (neat): 2958(bs), 2927, 1607, 1516, 

1391, 1247, 1174, 1089, 833, 745 cm-1; HRESIMS Calcd for [C52H43BrNO7S]+ (M + H+) 

918.2095, found 918.2105. 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropylnaphthalen-1-yl)-4-(2-(4-

methoxyphenyl)-4,5-di-p-tolyl-1,3-dioxol-2-yl)-1H-pyrrole (3m) 



 

 

 

3m 

Compound 3m was prepared in 65% yield (53.7 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +28.1º (c = 1.0, CHCl3). 92% ee (determined by HPLC: 

Chiralpak IC Column, 15/85 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.27 min 

(minor), 5.90 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.78 – 7.62 (m, 6H), 7.31 – 

7.25 (m, 2H), 7.23 – 7.09 (m, 5H), 7.05 (d, J = 2.4 Hz, 1H), 6.92 (d, J = 8.0 Hz, 2H), 6.88 

(s, 2H), 6.75 – 6.66 (m, 2H), 6.64 (d, J = 8.8 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 3.75 (s, 

3H), 3.73 (s, 3H), 2.82 – 2.68 (m, 1H), 2.24 (s, 3H), 0.95 (d, J = 6.8 Hz, 3H), 0.87 (d, J = 

6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 158.9, 158.8, 145.2, 138.1(4), 138.1(0), 

137.8, 133.8, 132.7, 131.9, 131.8, 131.5, 131.4, 129.3, 128.3, 128.2, 127.7, 127.6, 127.2, 

127.1, 126.3, 125.5, 125.2, 124.3, 122.9, 121.7, 121.5, 121.3, 113.3(1), 113.2(6), 108.1, 

55.1(7), 55.1(5), 30.8, 25.7, 21.4, 21.1; IR (neat): 2958(bs), 2921, 1959, 1609, 1510, 

1391, 1250, 1064 cm-1; HRESIMS Calcd for [C47H40BrNNaO6S]+ (M + Na+) 848.1652, 

found 848.1638.  

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropylnaphthalen-1-yl)-4-(2-(2-

methoxyphenyl)-4,5-bis(4-methoxyphenyl)-1,3-dioxol-2-yl)-1H-pyrrole (3n) 

 

3n 

Compound 3n was prepared in 31% yield (26.1 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +10.0º (c = 1.0, CHCl3). 89% ee (determined by HPLC: 

Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.95 min 

(minor), 7.00 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 8.5 Hz, 2H), 7.65 



 

 

(d, J = 8.5 Hz, 2H), 7.63 – 7.58 (m, 2H), 7.29 – 7.25 (m, 2H), 7.24 – 7.21 (m, 2H), 7.20 – 

7.17 (m, 1H), 7.11 – 7.06 (m, 2H), 7.02 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 8.5 Hz, 2H), 6.82 

(d, J = 8.5 Hz, 2H), 6.73 (d, J = 8.0 Hz, 1H), 6.65 – 6.58 (m, 5H), 3.75 (s, 6H), 3.64 (s, 

3H), 2.88 – 2.80 (m, 1H), 1.00 – 0.94 (m, 6H); 13C NMR (125 MHz, CDCl3) δ 158.8, 

158.7(9), 157.4, 145.0, 138.2, 133.7, 132.5, 131.9, 131.4(8), 131.4(5), 131.3, 129.9, 128.9, 

128.3, 128.2, 128.0, 127.9, 127.7, 127.5, 127.2, 127.0, 126.4, 126.2, 125.0, 124.3, 122.8, 

121.8, 121.7, 121.1, 120.9, 119.5, 113.2(8), 113.2(5), 112.4, 107.6, 55.7, 55.2, 30.7, 25.7, 

21.7; IR (neat): 2957(bs), 2926, 1606, 1516, 1248, 1178, 1090, 1065, 819, 745 cm-1; 

HRESIMS Calcd for [C47H40BrNNaO7S]+ (M + Na+) 864.1601, found 864.1600. 

 

(S)-3-(2-(benzo[d][1,3]dioxol-5-yl)-4,5-bis(4-methoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3o) 

 

3o 

Compound 3o was prepared in 53% yield (45.4 mg) according to the general procedure. 

Pale yellow solid (mp 226-228 °C). [α]D
25 = +28.1º (c = 1.0, CHCl3). 93% ee (determined 

by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.07 

min (minor), 6.80 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.75 (d, J = 9.0 Hz, 2H), 

7.72 – 7.61 (m, 4H), 7.32 – 7.25 (m, 3H), 7.15 – 7.10 (m, 2H), 7.05 (d, J = 2.5 Hz, 1H), 

6.96 (d, J = 7.5 Hz, 2H), 6.84 – 6.73 (m, 3H), 6.72 (d, J = 1.5 Hz, 1H), 6.67 (d, J = 8.5 

Hz, 2H), 6.62 (d, J = 9.0 Hz, 2H), 6.45 (d, J = 8.0 Hz, 1H), 5.83 (d, J = 1.5 Hz, 2H), 3.76 

(s, 3H), 3.74 (s, 3H), 2.83 – 2.72 (m, 1H), 1.00 – 0.91 (m, 6H); 13C NMR (125 MHz, 

CDCl3) δ 147.5, 146.9, 145.3, 137.8, 133.7, 132.8, 131.4, 129.3, 128.3, 127.7, 127.4, 

127.2, 126.9, 126.0, 125.1, 124.3, 122.9, 121.4, 121.1, 119.2, 113.4, 113.3, 107.2 106.6 

101.0, 55.1(9), 55.1(7), 30.8, 25.7, 21.5; IR (neat): 2958(bs), 2922, 1608, 1517, 1391, 

1248, 1176, 1065 cm-1; HRESIMS Calcd for [C47H38BrNNaO8S]+ (M + Na+) 878.1394, 

found 878.1395.  



 

 

 

(S)-3-(4,5-bis(4-methoxyphenyl)-2-(thiophen-2-yl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3p) 

 

3p 

Compound 3p was prepared in 51% yield (41.8 mg) according to the general procedure. 

Pale yellow solid (mp 179-180 °C). [α]D
25 = +28.1º (c = 1.0, CHCl3). 94% ee (determined 

by HPLC: Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.01 

min (minor), 5.32 min (major)). 1H NMR (600 MHz, CDCl3) δ 7.75 (d, J = 9.0 Hz, 2H), 

7.72 – 7.64 (m, 4H), 7.35 – 7.26 (m, 4H), 7.20 – 7.14 (m, 2H), 7.08 (d, J = 2.4 Hz, 1H), 

6.98 (d, J = 3.0 Hz, 1H), 6.88 – 6.79 (m, 3H), 6.63 (d, J = 7.8 Hz, 4H), 6.57 (d, J = 9.0 

Hz, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 2.91 – 2.69 (m, 1H), 0.97 (d, J = 6.6 Hz, 3H), 0.87 (d, 

J = 6.6 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 159.0, 158.8, 145.3, 145.1, 137.7, 133.8, 

132.8, 131.9, 131.8, 131.5, 130.5, 129.4, 128.3, 128.2, 127.8, 127.5, 127.4, 127.2, 127.1, 

126.5, 126.1, 125.7, 125.6, 125.3, 124.4, 123.0, 121.8, 121.3, 121.2, 113.3, 113.2, 106.5, 

55.1(7), 55.1(5), 30.9, 25.6, 21.5; IR (neat): 2959(bs), 2925, 2853, 1958, 1667, 1598, 

1510, 1251, 1066 cm-1; HRESIMS Calcd for [C44H36BrNNaO6S2]
+ (M + Na+) 840.1060, 

found 840.1028.  

 

(S)-3-(4,5-bis(4-ethoxyphenyl)-2-(4-methoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3q) 

 



 

 

3q 

Compound 3q was prepared in 53% yield (46.2 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +61.8º (c = 1.0, CHCl3). 92% ee (determined by HPLC: 

Chiralpak IC Column, 15/85 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.68 min 

(minor), 6.33 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.5 Hz, 2H), 7.69 

– 7.64 (m, 4H), 7.28 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 9.0 Hz, 2H), 7.19 (d, J = 3.0 Hz, 

1H), 7.18 – 7.15 (m, 1H), 7.14 – 7.11 (m, 1H), 7.05 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 9.0 

Hz, 2H), 6.71 (d, J = 9.0 Hz, 2H), 6.64 (d, J = 9.0 Hz, 2H), 6.62 (d, J = 9.0 Hz, 2H), 6.58 

(d, J = 9.0 Hz, 2H), 3.99 – 3.93 (m, 4H), 3.71 (s, 3H), 2.81 – 2.70 (m, 1H), 1.39 – 1.35 

(m, 6H), 0.95 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) 

δ 159.5, 158.3, 158.2, 145.2, 137.8, 133.8, 133.2, 132.7, 131.9, 131.7, 131.5(2), 131.4(6), 

129.3, 128.3, 128.2, 127.6, 127.5(5), 127.5(1), 127.1(2), 127.0(7), 126.9, 126.2, 125.2, 

124.3, 122.9, 121.5, 121.4, 121.3, 113.9, 113.8, 112.9, 107.9, 63.4, 63.3, 55.2, 30.8, 25.7, 

21.4, 14.8; IR (neat): 2946(bs), 2868, 1670, 1595, 1278, 1185, 1158, 1066, 908, 685 cm-1; 

HRESIMS Calcd for [C49H45BrNO7S]+ (M + H+) 870.2095, found 870.2096. 

 

(S)-3-(4,5-bis(4-(benzyloxy)phenyl)-2-(4-methoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3r) 

 

3r 

Compound 3r was prepared in 56% yield (55.7 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +14.0º (c = 1.0, CHCl3). 90% ee (determined by HPLC: 

Chiralpak IC Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.37 min 

(minor), 7.05 min (major)). 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 8.5 Hz, 2H), 7.69 

– 7.65 (m, 3H), 7.64 – 7.61 (m, 1H), 7.42 – 7.35 (m, 8H), 7.34 – 7.30 (m, 2H), 7.27 (d, J 

= 9.0 Hz, 1H), 7.25 – 7.23 (m, 2H), 7.22 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 2.5 Hz, 1H), 



 

 

7.17 (s, 1H), 7.13 – 7.09 (m, 1H), 7.05 (d, J = 2.5 Hz, 1H), 6.90 (d, J = 9.0 Hz, 2H), 6.73 

– 6.71 (m, 3H), 6.67 (d, J = 9.0 Hz, 2H), 6.63 (d, J = 9.0 Hz, 2H), 5.01 (s, 2H), 4.99 (s, 

2H), 3.72 (s, 3H), 2.81 – 2.68 (m, 1H), 0.95 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 7.0 Hz, 3H); 

13C NMR (125 MHz, CDCl3) δ 159.6, 158.1, 158.0, 145.2, 137.8, 136.8, 133.8, 133.2, 

132.7, 131.9, 131.8, 131.4(9), 131.4(6), 129.3, 128.6, 128.3, 128.2, 128.0, 127.7, 127.6, 

127.5(0), 127.4(6), 127.1(4), 127.0(7), 126.9, 126.2, 125.2, 124.4, 122.9, 121.9, 121.4, 

121.3, 114.3, 114.2, 113.0, 108.0, 69.9(4), 69.9(2), 55.2, 30.8, 25.7, 21.5; IR (neat): 

2958(bs), 2925, 1607, 1514, 1245, 1175, 1089, 1066, 831, 745 cm-1; HRESIMS Calcd for 

[C59H48BrKNO7S]+ (M + K+) 1032.1966, found 1032.1983. 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropylnaphthalen-1-yl)-4-(2-(4-

methoxyphenyl)-4,5-bis(4-((triisopropylsilyl)oxy)phenyl)-1,3-dioxol-2-yl)-1H-pyrrole 

(3s) 

 

3s 

Compound 3s was prepared in 70% yield (78.9 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +19.5º (c = 1.0, CHCl3). 92% ee (determined by HPLC: 

Chiralpak ODH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 4.00 min 

(major), 5.22 min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.8 Hz, 2H), 7.67 

(d, J = 8.8 Hz, 2H), 7.65 – 7.59 (m, 2H), 7.28 – 7.26 (m, 2H), 7.25 – 7.22 (m, 2H), 7.19 – 

7.16 (m, 1H), 7.14 (d, J = 2.4 Hz, 1H), 7.13 – 7.09 (m, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.82 

(d, J = 8.8 Hz, 2H), 6.70 – 6.58 (m, 6H), 6.55 (d, J = 8.8 Hz, 2H), 3.73 (s, 3H), 2.80 – 

2.70 (m, 1H), 1.24 – 1.17 (m, 6H), 1.11 – 1.05 (m, 36H), 0.94 (d, J = 6.8 Hz, 3H), 0.86 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 159.6, 155.5, 155.3, 145.2, 137.8, 133.8, 

133.3, 132.7, 132.0, 131.8, 131.7(2), 131.7(0), 131.5, 129.3, 128.3, 128.2, 127.8, 127.5, 



 

 

127.4, 127.1, 127.0, 126.9, 126.3, 125.2, 124.3, 122.9, 121.9(3), 121.8(5), 121.4, 119.4, 

119.2, 113.0, 107.9, 55.2, 30.8, 25.7, 21.4, 17.9, 12.6; IR (neat): 2946(bs), 2868, 1595, 

1508, 1277, 1214,1159, 1066, 909, 884 cm-1; HRESIMS Calcd for 

[C63H76BrNNaO7SSi2]
+ (M + Na+) 1148.3957, found 1148.3963. 

 

(S)-3-(4,5-bis(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-(4-methoxyphenyl)-1,3-

dioxol-2-yl)-1-((4-bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole 

(3t) 

 

3t 

Compound 3t was prepared in 55% yield (57.4 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +1.8º (c = 1.0, CHCl3). 92% ee (determined by HPLC: Chiralpak 

ODH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 3.98 min (major), 5.13 

min (minor)). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.8 Hz, 2H), 7.69 – 7.59 (m, 

5H), 7.27 (s, 1H), 7.23 (d, J = 8.8 Hz, 2H), 7.17 (d, J = 2.4 Hz, 1H), 7.16 (s, 1H), 7.12 – 

7.09 (m, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 8.8 Hz, 2H), 

6.64 (d, J = 8.8 Hz, 2H), 6.58 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 8.8 Hz, 2H), 3.72 (s, 3H), 

2.79 – 2.71 (m, 1H), 0.98 – 0.93 (m, 21H), 0.87 (d, J = 6.8 Hz, 3H), 0.18 – 0.13 (m, 12H); 

13C NMR (100 MHz, CDCl3) δ 159.6, 155.1, 154.9, 145.2, 137.8, 133.8, 133.2, 132.7, 

131.9, 131.8, 131.6, 131.5, 129.3, 128.3, 128.2, 127.7, 127.5, 127.1(2), 127.0(5), 126.9, 

126.2, 125.2, 124.3, 122.9, 122.2(3), 122.1(6), 121.4, 121.3, 119.5, 119.4, 113.0, 107.9, 

55.2, 30.8, 25.7, 21.4, 18.2(1), 18.1(8), -4.4; IR (neat): 2957(bs), 2930, 1596, 1508, 1278, 

1215, 1185, 1067, 911, 842 cm-1; HRESIMS Calcd for [C57H64BrNNaO7SSi2]
+ (M + Na+) 

1064.3018, found 1064.3031. 

 



 

 

(S)-1-((4-bromophenyl)sulfonyl)-3-(2-isopropylnaphthalen-1-yl)-4-(2-(4-

methoxyphenyl)-4,5-di-p-tolyl-1,3-dioxol-2-yl)-1H-pyrrole (3u) 

 

3u 

Compound 3u was prepared in 67% yield (54.3 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +28.1º (c = 1.0, CHCl3). 94% ee (determined by HPLC: 

Chiralpak IC Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.98 min (minor), 

7.32 min (major)). 1H NMR (600 MHz, CDCl3) δ 7.73 (d, J = 9.0 Hz, 2H), 7.71 – 7.61 

(m, 4H), 7.30 – 7.25 (m, 2H), 7.23 – 7.10 (m, 5H), 7.05 (d, J = 2.4 Hz, 1H), 6.96 – 6.89 

(m, 4H), 6.87 (d, J = 7.8 Hz, 2H), 6.71 (d, J = 7.8 Hz, 2H), 6.60 (d, J = 8.4 Hz, 2H), 3.70 

(s, 3H), 2.80 – 2.71 (m, 1H), 2.27 (s, 3H), 2.25 (s, 3H), 0.95 (d, J = 6.6 Hz, 3H), 0.88 (d, 

J = 6.6 Hz, 3H); 13C NMR (150 MHz, CDCl3) δ 159.5, 145.2, 137.7, 137.3(4), 137.2(6), 

133.8, 133.1, 132.7(3), 132.7(0), 132.6, 131.4, 131.3, 129.3, 128.5(2), 128.4(8), 128.3, 

128.2, 127.4, 127.1, 127.0, 126.9, 126.2, 126.1(1), 126.0(8), 125.2, 124.4, 122.9, 121.3(3), 

121.2(7), 112.9, 108.2, 55.1, 30.8, 25.7, 21.4, 21.3, 21.2; IR (neat): 2958(bs), 2927, 2870, 

1610, 1508, 1392, 1250, 1185 cm-1; HRESIMS Calcd for [C47H40BrNNaO5S]+ (M + Na+) 

832.1703, found 832.1694. 

 

(S)-3-(4,5-bis(2-methoxyphenyl)-2-(4-methoxyphenyl)-1,3-dioxol-2-yl)-1-((4-

bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrole (3v) 

 

3v 



 

 

Compound 3v was prepared in 75% yield (63.2 mg) according to the general procedure. 

Pale yellow oil. [α]D
25 = +20.9º (c = 1.0, CHCl3). 92% ee (determined by HPLC: 

Chiralpak IA Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 6.12 min 

(minor), 6.61 min (major)). 1H NMR (400 MHz, CDCl3)
 δ 7.75 (d, J = 8.4 Hz, 2H), 7.69 

– 7.66 (m, 2H), 7.65 – 7.61 (m, 3H), 7.27 (d, J = 8.8 Hz, 1H), 7.23 – 7.19 (m, 1H), 7.17 – 

7.12 (m, 2H), 7.10 (d, J = 9.2 Hz, 2H), 6.98 (d, J = 2.4 Hz, 1H), 6.96 – 6.93 (m, 2H), 6.86 

– 6.82 (m, 1H), 6.74 – 6.70 (m, 3H), 6.70 – 6.64 (m, 2H), 6.46 (d, J = 8.8 Hz, 2H), 3.65 

(s, 3H), 3.34 (s, 3H), 3.29 (s, 3H), 2.71 – 2.64 (m, 1H), 0.89 (d, J = 6.8 Hz, 3H), 0.84 (d, 

J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 159.2, 156.6, 156.4, 145.3, 137.9, 133.7, 

132.8, 132.6, 131.9(0), 131.8(8), 131.5, 131.3, 129.1(2), 129.0(5), 128.9, 128.7, 128.6, 

128.2, 128.1, 127.4, 127.0(0), 126.9(5), 126.8(8), 126.2, 125.1, 124.3, 122.8, 121.7, 121.5, 

119.7(2), 119.6(9), 119.6(7), 119.6(0), 112.7, 110.4, 110.3, 108.5, 55.1, 54.8, 54.7, 30.8, 

25.7, 21.3; IR (neat): 2958(bs), 2930, 1597, 1510, 1249, 1176, 1064, 1029, 820, 745 cm-1; 

HRESIMS Calcd for [C47H40BrNKO7S]+ (M + K+) 880.1340 found 880.1337. 

 

3.4 Preparative-scale synthesis of 3a 

 

The powered CuTC (0.06 mmol, 11.4 mg), ligand L7 (0.172 mmol, 44.9 mg) and 

NaBArF
4 (0.072 mmol, 63.8 mg) were introduced into an oven-dried vial tube under 

nitrogen atmosphere. After adding DCM (10 mL) into the vial tube, the solution was 

stirred at 30 °C under the nitrogen atmosphere for 2 h. Then the solution of N-propargyl 

ynamide 1a (0.4 mmol) and diketone 2 (1.2 mmol) in DCM (10 mL) was introduced into 

the system subsequently. The resulting mixture was stirred at 25 °C and the progress of 

the reaction was monitored by TLC. Upon completion, the mixture was concentrated 

under reduced pressure, and the residue was purified chromatography on silica gel (eluent: 



 

 

toluene/acetone) to give the desired axially chiral naphthylpyrrole 3a (211 mg, 63%, 93% 

ee). 

 

3.5 Transformation 

3-(2-isopropylnaphthalen-1-yl)-4-(2,4,5-tris(4-methoxyphenyl)-1,3-dioxol-2-yl)-1H-

pyrrole (4) 

 

 

To a solution of 3a (0.1 mmol) in MeOH/THF (1:1, 2 mL) was added KOH (0.2 mmol, 

11.2 mg) and the reaction was stirred at 50 °C for 1 h. Upon completion (monitored by 

TLC), the reaction mixture was filtered through a Celite pad and the filtrate was 

concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (PE:EA = 10:1) to afford the target product 4 in 95% yield 

(59.3 mg) as a colourless oil.5 [α]D
25 = +26.8º (c = 1.0, CHCl3). 87% ee (determined by 

HPLC: Chiralpak IA Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 5.61 

min (minor), 6.14 min (major)). 1H NMR (500 MHz, CDCl3) δ 8.29 (s, 1H), 7.70 – 7.67 

(m, 1H), 7.67 – 7.64 (m, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.40 (d, J = 9.0 Hz, 2H), 7.33 (d, J 

= 8.5 Hz, 1H), 7.29 – 7.25 (m, 1H), 7.21 – 7.17 (m, 1H), 6.96 (d, J = 9.0 Hz, 2H), 6.70 – 

6.68 (m, 2H), 6.68 – 6.66 (m, 2H), 6.65 (s, 2H), 6.64 – 6.61 (m, 2H), 6.56 (d, J = 8.5 Hz, 

2H), 3.73 (s, 3H), 3.71 (s, 3H), 3.70 (s, 3H), 3.15 – 3.07 (m, 1H), 1.06 (d, J = 7.0 Hz, 3H), 

0.99 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 159.1, 158.6, 158.5, 145.4, 

135.3, 134.9, 131.8, 131.7, 131.5, 130.7, 128.1, 127.7, 127.4, 127.2, 127.0, 126.9, 124.9, 

124.7, 124.0, 123.1, 122.3, 120.0, 119.0, 118.8, 113.2, 113.1, 112.6, 109.3, 55.1(2), 

55.1(0), 30.7, 25.7, 21.9; IR (neat): 3003(bs), 2983, 1598, 1485, 1321, 1119, 1242, 1018, 

884, 793 cm-1; HRESIMS Calcd for [C41H37NNaO5]
+ [M + Na+] 646.2564; Found 

646.2563. 

 



 

 

(2,5-dibromo-1-((4-bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-

pyrrol-3-yl)(4-methoxyphenyl)methanone (5) 

 

To a solution of 3a (0.1 mmol) in DMF (2 mL) was added NBS (0.5 mmol, 89.0 mg) and 

the reaction was stirred at room temperature for 2 h. Upon completion (monitored by 

TLC), the reaction was diluted with H2O. The mixture was then extracted with EA/H2O 

and washed with brine for 3 times. The organic phase was dried over Na2SO4 and 

concentrated. The residue was purified by column chromatography on silica gel (eluent: 

PE:EA = 10:1) to afford the target product 5 in 75% yield (56.3 mg) as a pale yellow 

solid (mp 95–96 °C). [α]D
25 = -90.8º (c = 1.0, CHCl3). 92% ee (determined by HPLC: 

Chiralpak ADH Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 9.28 min 

(minor), 16.52 min (major)). 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.8 Hz, 2H), 7.80 

(d, J = 8.8 Hz, 2H), 7.75 (d, J = 8.8 Hz, 1H), 7.73 – 7.69 (m, 1H), 7.61 (d, J = 8.8 Hz, 

2H), 7.37 – 7.30 (m, 3H), 7.22 – 7.16 (m, 1H), 6.72 (d, J = 8.8 Hz, 2H), 3.77 (s, 3H), 2.78 

– 2.68 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H), 1.01 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 188.2, 164.0, 145.9, 136.8, 132.9, 132.3, 132.1, 132.0, 131.8, 130.5, 129.8, 

129.5, 129.2, 128.8, 128.0, 126.2, 125.3, 125.1, 125.0, 123.4, 113.6, 105.9, 103.0, 55.4, 

31.5, 24.3, 22.9; IR (neat): 3058(bs), 2961, 2868, 1657(s), 1597, 1399, 1255, 1199, 824, 

745 cm-1; HRESIMS Calcd for [C31H24Br3NNaO4S]+ [M + Na+] 765.8868; Found 

765.8860. 

 

(1-((4-bromophenyl)sulfonyl)-4-(2-isopropylnaphthalen-1-yl)-1H-pyrrol-3-yl)(4-

methoxyphenyl)methanol (6) 



 

 

 

To a solution of 3a (0.1 mmol) in THF (2 mL) was added NBS (0.105 mmol, 18.7 mg) 

and the reaction was stirred at room temperature for 10 min. Then NaBH4 (0.7 mmol, 

26.5 mg) was added to the solution at 5 °C and the reaction was stirred at 5 °C for 17 h. 

Upon completion (monitored by TLC), the reaction was diluted with H2O. The mixture 

was then extracted by EA/H2O for three times. The organic phase was dried over Na2SO4 

and concentrated. The residue was purified by column chromatography on silica gel 

(eluent: PE:EA = 15:1) to afford the target product 6 in 56% yield with 2.3:1 dr (33.1 mg) 

as a colorless solid (mp 97–98 °C). [α]D
25 = +207.1º (c = 1.0, CHCl3). 92% ee 

(determined by HPLC: Chiralpak IA Column, 20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; 

TR = 9.67 min (major), 13.93 min (minor)). 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 

8.5 Hz, 1H), 7.74 (d, J = 9.0 Hz, 2H), 7.70 (d, J = 8.5 Hz, 1H), 7.68 (d, J = 9.0 Hz, 2H), 

7.47 (d, J = 8.5 Hz, 1H), 7.30 – 7.26 (m, 1H), 7.20 (dd, J = 2.5, 1.0 Hz, 1H), 7.07 – 7.04 

(m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 6.80 (d, J = 8.5 Hz, 1H), 6.75 (d, J = 9.0 Hz, 2H), 6.48 

(d, J = 9.0 Hz, 2H), 5.15 (s, 1H), 3.66 (s, 3H), 2.93 – 2.82 (m, 1H), 1.81 (s, 1H), 1.26 (d, 

J = 7.0 Hz, 3H), 1.06 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 158.9, 145.2, 

137.9, 134.8, 134.0, 133.1, 132.6, 131.6, 129.1, 128.7, 128.2, 127.4(3), 127.3(8), 126.7, 

126.0, 125.8, 125.7, 124.8, 123.2, 120.7, 118.5, 113.4, 69.8, 55.2, 30.8, 24.9, 22.8; IR 

(neat): 2955(bs), 2927, 1573, 1512, 1374, 1177, 1089, 1065, 808, 745 cm-1; HRESIMS 

Calcd for [C31H28BrNNaO4S]+ [M + Na+] 612.0815; Found 612.0811. 
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5. Crystal Data and Structure Refinement for 3a. CCDC Number = 2295809. 

  

 

 



 

 

6. HPLC Chromatograms 

3a: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 
 

 
 

 



 

 

3b: IA, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3c: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3d: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 
 



 

 

3e: ODH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3f: ODH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3g: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3h: IC, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3i: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3j: IC, i-PrOH/hexane = 5/95, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3k: IC, i-PrOH/hexane = 5/95, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3l: IA, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3m: IC, i-PrOH/hexane = 15/85, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3n: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3o: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3p: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 
 



 

 

3q: IC, i-PrOH/hexane = 15/85, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3r: IC, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3s: ODH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3t: ODH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3u: IC, i-PrOH/hexane = 5/95, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

3v: IA, i-PrOH/hexane = 10/90, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

4: IA, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

5: ADH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 

 

 

 



 

 

6: IA, i-PrOH/hexane = 20/80, v = 1.0 mL/min, λ = 254 nm 
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