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1. Supplementary Method 1: general information 

1H-, and 13C-NMR were recorded with JEOL JMN ECS 400 FT NMR, JEOL JMN ECS 600 FT NMR, or Bruker AVANCE 

II (1H-NMR 400, or 600 MHz, 13C-NMR 100, 150, or 175 MHz) 1H-NMR spectra are reported as follows: a chemical shift 

in ppm downfield of tetramethylsilane (TMS) and referenced to residual solvent peak (CDCl3) at 7.26 ppm, (CD3OD) at 3.31, 

or ((CD3)2CO) at 2.05 ppm, integration, multiplicities (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet, 

m = multiplet), and coupling constants (Hz). 13C-NMR spectra reported in ppm relative to the central line of triplet for CDCl3 

at 77.16 ppm, or the central line of septet for ((CD3)2CO) at 29.84 ppm. ESI-MS spectra were obtained with JMS-T100LC 

(JEOL). FT-IR spectra were recorded on JASCO FT-IR system (FT/IR4100). Thin-layer chromatography (TLC) analysis of 

reaction mixtures was performed using Merck silica gel 60 F254 TLC plates and visualized under UV. Column 

chromatography on SiO2 was performed with Kanto Silica Gel 60 (63-210 μm). Comet-01-X1 micromixer with inner diameter 

of 100 μm were manufactured by Techno Application. T-shaped and β-type2 micromixers were manufactured by MiChS. 

These mixers are made of stainless steel. The flow microreactor system was dipped in a cooling water bath to control the 

temperature. Solutions were introduced to the flow microreactor system using syringe pumps, Harvard Model 11, equipped 

with gastight syringes purchased from YMC. Naphthalen-2-ol (2a) was purchased from KANTO CHEMICAL CO., INC. 6-

Bromonaphthalen-2-ol (2m), 3,5-xylenol (2d), and sesamol (2e) were purchased from WAKO PURE CHEMICAL 

INDUSTRIES CO., LTD. 3-Hydroxy-2-naphthoic acid (2p), 5-methylbenzene-1,3-diol (2b), and 6-hydroxy-2-naphthonitrile 

(2g) were purchased from TOKYO CHEMICAL INDUSTRY CO., LTD. Resorcinol (2c), and naphthalen-1-ol (2j) were 

purchased from KISHIDA CHEMISTRY. Other starting materials were synthesized according to reported procedures: 6-

(Benzyloxy)naphthalen-2-ol (2l)3, 6-(4-bromophenyl)naphthalen-2-ol (2n)4, 3-methoxynaphthalen-2-ol (2o)5, 7-

(allyloxy)naphthalen-2-ol (2q)6, 7-((tert-butyldimethylsilyl)oxy)naphthalen-2-ol (2r)7, 7-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)naphthalen-2-ol (2s)8, 5-bromobenzene-1,3-diol (2t)9, and 7-methoxynaphthalen-2-ol (2i)3. The other 

simple chemicals and solvents were purchased from commercial suppliers and used without further purification. 

 

2. Supplementary Method 2: general procedure for the synthesis of starting materials 1 and 4 

 

 

 

 

 

 

 

 

 

 

 

Starting materials 1 and 4 were synthesized according to the reported procedures.10,11 1a12, 1b11, 1c13, 1d13, 1e14, 1h13, 1i14, 

1j13, 1k13, 4a15, 4k16, and 4m17 were known compounds: PhI(OAc)2 (3.08 mmol) was added to a solution of S1 or S2 (3.08 

mmol) in MeOH (15 mL) at 0 °C. After stirring at room temperature until its completion as monitored by TLC, saturated aq. 

NaHCO3 solution was added to the reaction mixture. After extraction with EtOAc (50 mL × 3), the combined organic layers 

were collected, washed with brine (30 mL × 2), dried over Na2SO4, and evaporated in vacuo. The residue was purified by 
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silica column chromatography to afford corresponding 1 or 4.  

N-(4,4-Dimethoxycyclohexa-2,5-dien-1-ylidene)-2,4-dimethoxy-6-methylbenzenesulfonamide (1f) 

89% yield as a yellow solid. 

1H-NMR (400 MHz, CDCl3) δ 7.72-7.75 (m, 2H), 6.66-6.73 (m, 2H), 6.44 (s, 1H), 6.38 

(dd, J = 9.8, 2.1 Hz, 1H), 3.89 (s, 3H), 3.89 (s, 3H), 3.36 (s, 6H), 2.16 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 163.23, 157.60, 142.28, 141.54, 131.42, 131.14, 123.56, 

118.90, 95.43, 92.45, 56.47, 55.87, 50.50, 15.39. 

HRMS (ESI) calcd for C17H21NO6SNa: m/z ([M+Na+]) 390.0982, found 390.0983. 

IR (KBr) 2943, 2839, 1611, 1550, 1464, 1290, 1133, 1030, 657, 557 cm-1.  

  

Methyl (4,4-dimethoxycyclohexa-2,5-dien-1-ylidene)carbamate (1g) 

76% yield as a brown solid.  

1H-NMR (400 MHz, CDCl3) δ 6.54 (d, J = 8.2 Hz, 2H), 6.40 (d, J = 8.2 Hz, 2H), 3.83 (s, 3H), 

3.30 (s, 6H). 

13C-NMR (100 MHz, CDCl3) δ 162.83, 157.87, 140.24, 139.65, 130.44, 123.34, 93.06, 53.67, 50.31. 

HRMS (ESI) calcd for C10H13NO4Na: m/z ([M+Na+]) 234.0737, found 234.0736. 

IR (KBr) 2943, 2833, 1720, 1605, 1433, 1238, 1113, 1036, 964, 752 cm-1.  

 

3. Supplementary Method 3: general procedure for the synthesis of atropoisomeric biaryls 3 in a flow system 

 

 

 

Fig. S1. The flow system of the synthesis of atropoisomeric biaryls 3. 
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As shown in Fig. S1, a flow microreactor system was dipped in oil bath to heat at 25 ˚C. A solution of 1 (0.065 mmol) in 

toluene (2.2 mL, syringe 1), and a solution of 2 (0.195 mmol, 3.0 equiv.) and TfOH (1.5 mol%) in toluene (2.2 mL, syringe 

2) were introduced to the flow microreactor system with Comet X mixer by syringe pumps (flow rate: 0.08 mL/min). After 

the continuous-flow was kept within residence time, the reaction mixture was collected and quenched with aq. NaHCO3. The 

organic layer was extracted with EtOAc (15 mL × 3), dried over Na2SO4, concentrated in vacuo. The residue was purified by 

silica column chromatography (n-hexane/EtOAc) to afford 3. 

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3a) 

93% yield (25.4 mg) as a white solid.  

1H-NMR (400 MHz, CDCl3) δ 7.77-7.81 (m, 3H), 7.32 (ddd, J = 7.8, 7.3, 0.9 Hz, 1H), 7.15-

7.23 (m, 4H), 7.02 (dd, J = 8.9, 3.2 Hz, 1H), 6.88-6.91 (m, 3H), 6.72 (d, J = 3.2 Hz, 1H), 

6.41 (s, 1H), 5.24 (s, 1H), 3.76 (s, 3H), 2.26 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.72, 150.50, 143.64, 135.90, 132.79, 130.86, 129.48, 

129.15, 128.74, 128.39, 128.35, 127.32, 127.01, 125.75, 123.93, 123.77, 117.73, 117.06, 

115.87, 115.57, 55.67, 21.64. 

HRMS (ESI) calcd for C24H21NO4SNa: m/z ([M+Na+]) 442.1084, found 442.1079.  

IR (KBr) 3495, 3266, 3014, 2975, 2363, 1609, 1491, 1384, 1288, 810 cm-1. 

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methoxybenzenesulfonamide (3b) 

93% yield (25.0 mg) as a white solid.  

1H-NMR (400 MHz, CDCl3) δ 7.78-7.83 (m, 3H), 7.28-7.35 (m, 3H), 7.21 (ddd, J = 

7.8, 7.6, 1.2 Hz, 1H), 7.16 (d, J = 9.2 Hz, 1H), 7.03 (dd, J = 9.2, 3.2 Hz, 1H), 6.90 (d, J 

= 8.2 Hz, 1H), 6.72 (d, J = 3.2 Hz, 1H), 6.62 (dd, J = 6.9, 1.8 Hz, 2H), 6.23 (s, 1H), 

4.85 (s, 1H), 3.79 (s, 3H), 3.77 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 163.03, 157.72, 150.54, 132.79, 130.90, 130.49, 129.15, 

128.91, 128.33, 128.11, 127.42, 125.61, 123.86, 117.74, 117.01, 115.79, 115.67, 114.06, 55.68, 55.56 (Two carbons 

overlapped). 

HRMS (ESI) calcd for C24H21NO5SNa: m/z ([M+Na+]) 458.1033, found 458.1029. 

IR (KBr) 3474, 3354, 3249, 2964, 2833, 1594, 1496, 1330, 1153, 817 cm-1. 

 

4-Chloro-N-(2-(2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)benzenesulfonamide (3c) 

86% yield (23.0 mg) as a white solid.  

1H-NMR (400 MHz, CDCl3) δ 7.82 (d, J = 6.9 Hz, 1H), 7.78-7.81 (m, 2H), 7.36 (ddd, J 

= 7.6, 7.3, 1.2 Hz, 1H), 7.17-7.24 (m, 3H), 7.15 (d, J = 8.7 Hz, 1H), 7.05 (dd, J = 8.9, 

3.0 Hz, 1H), 7.00-7.02 (m, 2H), 6.85 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 2.7 Hz, 1H), 6.37 

(s, 1H), 4.90 (s, 1H), 3.78 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 158.15, 150.17, 139.33, 137.40, 132.72, 130.91, 129.21, 

129.13, 129.06, 128.39, 128.26, 128.02, 127.60, 126.85, 124.08, 123.67, 117.57, 117.18, 116.00, 115.60, 55.70. 

HRMS (ESI) calcd for C23H18ClNO4SNa: m/z ([M+Na+]) 462.0537, found 462.0541.  
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IR (KBr) 3491, 3249, 3085, 2941, 2837, 1613, 1490, 1331, 1163, 814 cm-1. 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-nitrobenzenesulfonamide (3d) 

91% yield (24.3 mg) as a yellow solid. 

1H-NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.7 Hz, 2H), 7.70 (d, J = 8.2 Hz, 1H), 7.65 

(d, J = 8.7 Hz, 2H), 7.29 (d, J = 8.7 Hz, 2H), 7.23 (t, J = 7.6 Hz, 1H), 7.11-7.14 (m, 2H), 

7.08 (dd, J = 8.9, 3.0 Hz, 1H), 6.90 (d, J = 8.7 Hz, 1H), 6.74-6.76 (m, 2H), 5.10 (s, 1H), 

3.79 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 158.64, 149.25, 149.08, 144.49, 132.60, 131.43, 130.83, 

129.88, 129.12, 128.27, 127.37, 127.16, 126.68, 124.12, 124.03, 123.64, 117.53, 117.42, 116.89, 115.26, 55.72. 

HRMS (ESI) calcd for C23H18N2O6SNa: m/z ([M+Na+]) 473.0778, found 473.0079. 

IR (KBr) 3545, 3392, 3321, 3101, 1606, 1525, 1343, 1162, 856, 740 cm-1.  

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxyphenyl)methanesulfonamide (3e) 

92% yield (30.0 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.85-7.90 (m, 2H), 7.75 (d, J = 9.2 Hz, 1H), 7.37-7.43 (m, 2H), 

7.25-7.28 (m, 2H), 7.09 (dd, J = 9.2, 3.2 Hz, 1H), 6.89 (d, J = 3.2 Hz, 1H), 5.92 (s, 1H), 5.24 (s, 

1H), 3.83 (s, 3H), 2.59 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 158.25, 150.68, 132.84, 131.15, 129.29, 129.09, 128.78, 127.81, 

126.25, 124.26, 123.65, 117.94, 117.21, 116.09, 115.69, 55.76, 39.49 (One carbon overlapped). 

HRMS (ESI) calcd for C18H17NO4SNa: m/z ([M+Na+]) 366.0771, found 366.0770.  

IR (KBr) 3386, 3307, 3006, 2925, 2838, 1615, 1494, 1305, 1150, 821 cm-1. 

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxyphenyl)-2,4-dimethoxy-6-methylbenzenesulfonamide (3f) 

81% yield (25.0 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.82 (d, J = 3.7 Hz, 1H), 7.80 (d, J = 3.7 Hz, 1H), 7.76 

(d, J = 8.2 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.31 (s, 1H), 7.27 (ddd, J = 7.8, 7.3, 0.9 

Hz, 1H), 7.14 (ddd, J = 7.8, 7.6, 1.15 Hz, 1H), 6.99-7.02 (m, 2H), 6.94 (d, J = 8.7 Hz, 

1H), 6.62 (d, J = 2.7 Hz, 1H), 6.01 (s, 1H), 5.60 (s, 1H), 3.73 (s, 3H), 3.67 (s, 3H), 3.18 

(s, 3H), 1.99 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 162.33, 157.51, 156.11, 150.68, 133.46, 131.07, 130.23, 129.38, 128.97, 128.61, 127.61, 

127.09, 126.64, 124.59, 123.58, 117.89, 117.72, 116.87, 116.51, 115.46, 94.00, 55.62, 55.60, 55.38, 15.31 (One carbon 

overlapped). 

HRMS (ESI) calcd for C26H25NO6SNa: m/z ([M+Na+]) 502.1295, found 502.1290. 

IR (KBr) 3413, 3304, 2948, 1606, 1495, 1433, 1320, 1287, 1138, 817 cm-1.  
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Methyl (2-(2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)carbamate (3g) 

76% yield (16.0 mg) as a white solid.  

1H-NMR (400 MHz, CDCl3) δ 8.13 (s, 1H), 7.82-7.88 (m, 2H), 7.36-7.39 (m, 2H), 7.29 (d, J = 

8.7 Hz, 1H), 7.23-7.26 (m, 1H), 7.09 (dd, J = 9.2, 3.2 Hz, 1H), 6.81 (d, J = 3.2 Hz, 1H), 6.10 (s, 

1H), 5.21 (s, 1H), 3.81 (s, 3H), 3.59 (s, 3H). 

13C-NMR (150 MHz, CDCl3) δ 154.54, 151.18, 132.89, 130.86, 130.60, 129.20, 128.44, 127.42, 

124.13, 123.98, 117.93, 116.57, 115.86, 115.81, 115.78, 55.73, 52.37 (Two carbons overlapped). 

HRMS (ESI) calcd for C19H17NO4Na: m/z ([M+Na+]) 346.1050, found 346.1051.  

IR (KBr) 3412, 3308, 3060, 2958, 2844, 2375, 1713, 1517, 1211, 820 cm-1.  

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4-methoxy-5-methylphenyl)-4-methylbenzenesulfonamide (3h) 

95% yield (26.9 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.81 (t, J = 8.2 Hz, 2H), 7.66 (s, 1H), 7.33 (t, J = 7.3 Hz, 

1H), 7.25-7.27 (m, 2H), 7.21 (t, J = 7.8 Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 6.97 (d, J = 7.8 

Hz, 2H), 6.91 (d, J = 8.7 Hz, 1H), 6.58 (s, 1H), 6.19 (s, 1H), 4.76 (s, 1H), 3.72 (s, 3H), 2.31 

(s, 6H). 

13C-NMR (100 MHz, CDCl3) δ 156.00, 150.60, 143.57, 135.89, 132.93, 130.71, 129.46, 

129.11, 128.79, 128.34, 128.18, 127.25, 127.00, 126.72, 124.84, 123.98, 123.71, 117.63, 116.05, 112.91, 55.69, 21.66, 16.50. 

HRMS (ESI) calcd for C25H23NO4SNa: m/z ([M+Na+]) 456.1240, found 456.1237. 

IR (KBr) 3401, 3290, 3066, 2980, 1627, 1504, 1376, 1318, 1155, 807 cm-1.  

 

N-(2-(2-Hydroxynaphthalen-1-yl)-4,5-dimethoxyphenyl)-4-methylbenzenesulfonamide (3i) 

96% yield (28.1 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.81 (t, J = 8.7 Hz, 2H), 7.47 (s, 1H), 7.33 (ddd, J = 7.6, 7.3, 

1.2 Hz, 1H), 7.28 (d, J = 8.2 Hz, 2H), 7.20 (ddd, J = 7.8, 7.3, 1.2 Hz, 1H), 7.16 (d, J = 9.2, 

1H), 6.98 (d, J = 7.8 Hz, 2H), 6.88 (d, J = 8.2 Hz, 1H), 6.62 (s, 1H), 6.27 (s, 1H), 4.77 (s, 

1H), 4.00 (s, 3H), 3.77 (s, 3H), 2.32 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 150.89, 149.84, 147.17, 143.88, 135.68, 133.11, 130.84, 

129.56, 129.19, 129.15, 128.39, 127.33, 127.08, 123.88, 123.77, 117.59, 117.45, 115.38, 113.97, 107.27, 56.32, 56.19, 21.68. 

HRMS (ESI) calcd for C25H23NO5SNa: m/z ([M+Na+]) 472.1189, found 472.1188. 

IR (KBr) 3403, 3348, 2969, 2844, 1512, 1344, 1202, 1158, 1091, 812 cm-1. 

 

N-(2-Hydroxy-4'-methoxy-[1,2'-binaphthalen]-1'-yl)-4-methylbenzenesulfonamide (3j) 

77% yield (23.5 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 8.41 (d, J = 7.8 Hz, 1H), 8.32 (dd, J = 6.9, 1.4 Hz, 1H), 

7.70-7.74 (m, 2H), 7.57-7.64 (m, 2H), 7.31 (ddd, J = 7.6, 7.3, 1.2 Hz, 1H), 7.22-7.25 (m, 

1H), 7.17 (d, J = 8.7 Hz, 1H), 7.11 (d, J = 9.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 2H), 6.68 (s, 

1H), 6.65 (s, 2H), 6.63 (s, 1H), 5.63 (s, 1H), 3.92 (s, 3H), 2.15 (s, 3H). 

13C-NMR (150 MHz, CDCl3) δ 155.46, 149.78, 142.58, 136.89, 133.88, 132.74, 131.45, 

130.19, 129.42, 129.06, 128.27, 127.64, 126.97, 126.48, 126.37, 125.51, 124.68, 124.11, 123.65, 122.08, 119.49, 118.09, 
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107.20, 55.95, 21.60 (One carbon overlapped). 

HRMS (ESI) calcd for C28H23NO4SNa: m/z ([M+Na+]) 492.1240, found 492.1248. 

IR (KBr) 3436, 3276, 3003, 2928, 1627, 1596, 1510, 1311, 1145, 817 cm-1. 

 

N-(4-Ethoxy-2-(2-hydroxynaphthalen-1-yl)phenyl)-4-methylbenzenesulfonamide (3k) 

71% yield (20.0 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.77-7.83 (m, 3H), 7.33 (ddd, J = 8.2, 7.3, 1.2 Hz, 1H), 

7.24-7.26 (m, 2H), 7.21 (ddd, J = 8.0, 7.3, 1.2 Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 7.02 (dd, 

J = 9.2, 3.0 Hz, 1H), 6.97 (d, J = 8.2 Hz, 2H), 6.89 (d, J = 8.7 Hz, 1H), 6.70 (d, J = 3.0 

Hz, 1H), 6.20 (s, 1H), 4.69 (s, 1H), 3.97 (qd, J = 6.9, 1.1 Hz, 2H), 2.31 (s, 3H), 1.38 (t, J 

= 6.9 Hz, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.14, 150.58, 143.68, 135.93, 132.73, 130.89, 129.52, 129.14, 128.68, 128.40, 127.86, 

127.41, 127.07, 125.46, 123.85, 123.82, 117.72, 117.45, 116.23, 115.74, 63.95, 21.67, 14.90. 

HRMS (ESI) calcd for C25H23NO4SNa: m/z ([M+Na+]) 456.1240, found 456.1239. 

IR (KBr) 3469, 3257, 2980, 2925, 1608, 1494, 1386, 1328, 1162, 935 cm-1.  

 

N-(2-(6-(Benzyloxy)-2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3l) 

85% yield (29.0 mg) as a yellow solid. 

1H-NMR (400 MHz, CDCl3) δ 7.76 (d, J = 9.2 Hz, 1H), 7.67-7.73 (m, 2H), 7.29-7.37 (m, 

5H), 7.21 (d, J = 8.7 Hz, 2H), 7.02-7.08 (m, 2H), 6.98 (d, J = 8.7 Hz, 1H), 6.90 (d, J = 7.8 

Hz, 2H), 6.66 (d, J = 3.2 Hz, 1H), 6.26 (d, J = 2.3 Hz, 1H), 6.24 (s, 1H), 4.82 (d, J = 4.1 Hz, 

2H), 4.79 (s, 1H), 3.74 (s, 3H), 2.26 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.91, 157.87, 151.08, 143.69, 136.71, 136.05, 134.15, 

130.51, 129.99, 129.41, 128.76, 128.65, 128.57, 128.20, 127.68, 127.04, 126.14, 124.56, 116.65, 116.53, 115.74, 115.15, 

104.25, 69.90, 55.67, 21.58 (One carbon overlapped). 

HRMS (ESI) calcd for C31H27NO5SNa: m/z ([M+Na+]) 548.1502, found 548.1501. 

IR (KBr) 3413, 3304, 3035, 2917, 2362, 1623, 1377, 1320, 1151, 838 cm-1. 

 

N-(2-(6-Bromo-2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3m) 

74% yield (24.0 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.92 (d, J = 2.3 Hz, 1H), 7.79 (d, J = 9.2 Hz, 1H), 7.72 (d, J 

= 9.2 Hz, 1H), 7.16-7.20 (m, 4H), 7.04 (dd, J = 8.9, 3.2 Hz, 1H), 6.88 (d, J = 8.2 Hz, 2H), 

6.70 (d, J = 9.2 Hz, 1H), 6.67 (d, J = 3.2 Hz, 1H), 6.30 (s, 1H), 5.15 (s, 1H), 3.77 (s, 3H), 

2.30 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.87, 150.60, 143.84, 136.00, 131.52, 130.36, 130.25, 130.11, 129.85, 129.41, 128.58, 

128.11, 126.91, 126.44, 125.86, 118.85, 117.59, 117.06, 116.44, 115.77, 55.71, 21.71. 

HRMS (ESI) calcd for C24H20BrNO4SNa: m/z ([M+Na+]) 520.0189, found 520.0187. 

IR (KBr) 3382, 3312, 3080, 2938, 2840, 1601, 1492, 1335, 1156, 807 cm-1.  
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N-(2-(6-(4-Bromophenyl)-2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3n) 

76% yield (29.0 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 9.2 Hz, 1H), 7.75 (d, 

J = 9.2 Hz, 1H), 7.57 (dd, J = 8.2, 1.8 Hz, 1H), 7.54 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.7 Hz, 

2H), 7.26 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 9.2 Hz, 1H), 7.12 (s, 1H), 7.03 (dd, J = 8.9, 3.2 

Hz, 1H), 6.81 (d, J = 8.2 Hz, 2H), 6.74 (d, J = 3.2 Hz, 1H), 6.34 (s, 1H), 4.94 (s, 1H), 3.77 

(s, 3H), 2.15 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.68, 151.25, 143.76, 139.79, 138.74, 135.86, 132.98, 

132.11, 130.74, 129.45, 129.32, 129.05, 128.93, 128.54, 127.29, 127.08, 125.08, 123.28, 122.04, 121.51, 118.08, 116.98, 

115.98, 115.88, 55.72, 21.57. 

HRMS (ESI) calcd for C30H24BrNO4SNa: m/z ([M+Na+]) 596.0502, found 596.0502. 

IR (KBr) 3407, 3326, 3050, 1622, 1489, 1328, 1206, 1159, 1091, 823 cm-1. 

 

N-(2-(2-Hydroxy-3-methoxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3o) 

68% yield (19.8 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.7 Hz, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.27-7.30 

(m, 1H), 7.16 (s, 1H), 7.05 (d, J = 8.2 Hz, 2H), 6.98-7.02 (m, 2H), 6.83 (d, J = 8.2 Hz, 1H), 

6.69 (d, J = 2.7 Hz, 1H), 6.67 (s, 1H), 6.62 (d, J = 7.8 Hz, 2H), 6.11 (s, 1H), 4.10 (s, 3H), 

3.75 (s, 3H), 2.12 (s, 3H). 

13C-NMR (150 MHz, CDCl3) δ 157.47, 146.28, 142.82, 141.80, 136.05, 130.58, 129.14, 

129.06, 128.30, 127.87, 127.54, 126.81, 126.75, 124.71, 124.63, 124.14, 117.05, 116.91, 114.72, 106.30, 56.23, 55.60, 21.57. 

HRMS (ESI) calcd for C25H23NO5SNa: m/z ([M+Na+]) 472.1189, found 472.1183. 

IR (KBr) 3423, 3358, 3072, 2363, 2310, 1608, 1492, 1387, 1151, 868 cm-1. 

 

3-Hydroxy-4-(5-methoxy-2-((4-methylphenyl)sulfonamido)phenyl)-2-naphthoic acid (3p) 

83% yield (25.0 mg) as a pale yellow solid. 

1H-NMR (400 MHz, CDCl3) δ 11.02 (s, 1H), 8.61 (s, 1H), 7.87 (dd, J = 7.3, 1.4 Hz, 1H), 

7.62 (d, J = 8.2 Hz, 2H), 7.37-7.45 (m, 2H), 7.22-7.27 (m, 3H), 7.12 (dd, J = 8.7, 2.3 Hz, 

1H), 7.01 (d, J = 8.7 Hz, 1H), 6.90 (d, J = 2.3 Hz, 1H), 6.26 (s, 1H), 5.13 (s, 1H), 4.07 (s, 

3H), 2.39 (s, 3H). 

13C-NMR (150 MHz, CDCl3) δ 170.52, 153.38, 152.68, 143.76, 136.74, 136.08, 133.76, 

130.06, 129.99, 129.74, 129.04, 128.06, 127.58, 127.52, 126.00, 124.58, 122.62, 117.66, 116.80, 113.97, 53.11, 21.72 (One 

carbon overlapped). 

HRMS (ESI) calcd for C25H21NO6SNa: m/z ([M+Na+]) 486.0982, found 486.0980. 

IR (KBr) 3518, 3419, 3249, 2948, 2373, 1683, 1449, 1322, 1158, 809 cm-1.  
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N-(2-(7-(Allyloxy)-2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3q) 

80% yield (24.7 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.7 Hz, 1H), 7.73 (d, J = 8.7 Hz, 1H), 7.70 (d, J 

= 8.7 Hz, 1H), 7.21 (d, J = 8.2 Hz, 2H), 6.98-7.04 (m, 3H), 6.91 (d, J = 8.2 Hz, 2H), 6.71 

(d, J = 2.7 Hz, 1H), 6.31 (s, 1H), 6.20 (d, J = 2.7 Hz, 1H), 5.96 (dq, J = 17.3, 5.5 Hz, 1H), 

5.24-5.34 (m, 2H), 4.70 (s, 1H), 4.28 (d, J = 5.5 Hz, 2H), 3.77 (s, 3H), 2.29 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.81, 151.01, 143.73, 135.93, 134.19, 133.07, 130.55, 129.95, 129.38, 128.60, 128.48, 

127.04, 126.10, 126.02, 124.55, 118.21, 116.73, 116.39, 115.71, 115.07, 103.95, 68.67, 55.67, 21.58 (One carbon overlapped). 

HRMS (ESI) calcd for C27H25NO5SNa: m/z ([M+Na+]) 498.1346, found 498.1344. 

IR (KBr) 3567, 3485, 3276, 3151, 1622, 1513, 1291, 1215, 1093, 838 cm-1. 

 

N-(2-(7-((tert-Butyldimethylsilyl)oxy)-2-hydroxynaphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (3r) 

68% yield (24.3 mg) as an orange solid. 

1H-NMR (400 MHz, CDCl3) δ 7.77 (d, J = 9.2 Hz, 1H), 7.72 (d, J = 8.7 Hz, 1H), 7.65 (d, J 

= 8.7 Hz, 1H), 7.20 (d, J = 8.2 Hz, 2H), 7.02 (dd, J = 8.9, 3.0 Hz, 1H), 6.98 (d, J = 9.2 Hz, 

1H), 6.87-6.91 (m, 3H), 6.70 (d, J = 2.7 Hz, 1H), 6.37 (s, 1H), 6.24 (d, J = 2.3 Hz, 1H), 4.92 

(s, 1H), 3.76 (s, 3H), 2.27 (s, 3H), 0.93 (s, 9H), 0.094 (s, 6H). 

13C-NMR (150 MHz, CDCl3) δ 157.79, 155.02, 150.73, 143.75, 135.82, 134.31, 130.50, 129.83, 129.42, 128.63, 126.93, 

126.13, 124.76, 119.87, 116.69, 115.76, 115.28, 114.77, 111.38, 55.64, 25.82, 21.62, 18.39, -4.17, -4.37 (One carbon 

overlapped). 

HRMS (ESI) calcd for C30H35NO5SSiNa: m/z ([M+Na+]) 572.1897, found 572.1893. 

IR (KBr) 3413, 3348, 2955, 2929, 2857, 1624, 1509, 1331, 1160, 838 cm-1. 

 

N-(2-(2-Hydroxy-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-1-yl)-4-methoxyphenyl)-4-methylbenzene 

sulfonamide (3s) 

82% yield (29.2 mg) as a white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.73-7.80 (m, 3H), 7.71 (dd, J = 8.2, 0.9 Hz, 1H), 7.52 (s, 

1H), 7.19 (d, J = 8.2 Hz, 2H), 7.15 (d, J = 8.7 Hz, 1H), 7.05 (dd, J = 8.9, 3.2 Hz, 1H), 6.86 

(d, J = 8.2 Hz, 2H), 6.73 (d, J = 3.2 Hz, 1H), 6.38 (s, 1H), 4.92 (s, 1H), 3.78 (s, 3H), 2.22 (s, 

3H), 1.34 (s, 6H), 1.33 (s, 6H). 

13C-NMR (100 MHz, CDCl3) δ 158.00, 150.07, 143.35, 135.91, 132.04, 131.72, 131.63, 131.19, 130.79, 130.54, 129.37, 

128.79, 128.43, 128.07, 127.43, 126.77, 118.67, 116.99, 115.98, 84.02, 55.74, 25.02, 21.64 (One carbon overlapped). 

HRMS (ESI) calcd for C30H32BNO6SNa: m/z ([M+Na+]) 568.1936, found 568.1931. 

IR (KBr) 3419, 3337, 2982, 2925, 1604, 1500, 1453, 1345, 1158, 733 cm-1. 
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N-(2'-Bromo-4',6'-dihydroxy-5-methoxy-[1,1'-biphenyl]-2-yl)-4-methylbenzenesulfonamide (3t) 

67% yield (20.2 mg) as a white solid. 

1H-NMR (600 MHz, CDCl3) (mixture of two rotamers) δ 7.74 (d, J = 8.2 Hz, 1H), 7.52 (d, 

J = 8.2 Hz, 1H), 7.47 (d, J = 9.6 Hz, 0.5H), 7.42 (d, J = 9.6 Hz, 1H), 7.28 (d, J = 8.2 Hz, 

1H), 7.19 (d, J = 8.2 Hz, 1H), 6.91 (dd, J = 8.9, 2.7 Hz, 0.5H), 6.80 (d, J = 8.9 Hz, 1H), 6.73 

(d, J = 2.1 Hz, 0.5H), 6.64 (d, J = 2.7 Hz, 0.5H), 6.57 (d, J = 2.7 Hz, 0.5H), 6.54 (d, J = 2.7 

Hz, 0.5H), 6.40 (d, J = 2.1 Hz, 0.5H), 6.35 (br s, 0.5H), 3.76 (s, 3H), 2.44 (s, 1.5H), 2.39 (s, 

1.5H). 

13C-NMR (150 MHz, CDCl3) (mixture of two rotamers) δ 158.79, 157.76, 157.57, 157.33, 156.77, 154.50, 144.57, 144.22, 

136.09, 135.71, 132.99, 131.69, 129.92, 129.56, 128.63, 127.55, 127.20, 126.74, 126.27, 124.77, 121.04, 117.46, 117.35, 

115.32, 114.21, 113.48, 113.13, 104.61, 102.89, 55.65, 55.53, 21.81, 21.70 (Three carbons overlapped). 

HRMS (ESI) calcd for C20H18BrNO5SNa: m/z ([M+Na+]) 485.9981, found 485.9978. 

IR (KBr) 3376, 2926, 2839, 1704, 1607, 1505, 1454, 1323, 1157, 812 cm-1. 

 

4. Supplementary Method 4: general procedure for the synthesis of atropoisomeric biaryls 5 in a flow system 

 

As shown in Fig. S1, a flow microreactor system was dipped in oil bath to heat at 30 ˚C. A solution of 4 (0.065 mmol) in 

toluene/EtOAc (10/1) (0.74 mL), and a solution of 2 (0.21 mmol, 3.2 equiv.) and TfOH (0.35 mol%) in toluene (0.74 mL) 

were introduced to the flow microreactor system with β-type mixer by syringe pumps (flow rate: 0.068 mL/min). After the 

continuous-flow was kept within residence time, the reaction mixture was collected and quenched with aq. NaHCO3. The 

organic layer was extracted with EtOAc (15 mL × 3), dried over Na2SO4, concentrated in vacuo. The residue was purified by 

silica column chromatography (n-hexane/EtOAc) to afford 5. 

 

6-Bromo-5'-methoxy-[1,1'-biphenyl]-2,2',4-triol (known compound 5a) 18 

69% yield (26.7 mg) as a colorless solid. 

1H-NMR (400 MHz, (CD3)2CO) δ 6.83 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 8.7, 2.7 Hz, 1H), 6.70 (d, J = 

2.3 Hz, 1H), 6.61 (d, J = 2.7 Hz, 1H), 6.46 (d, J = 2.3 Hz, 1H), 3.73 (s, 3H). 
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5'-Methoxy-6-methyl-[1,1'-biphenyl]-2,2',4-triol (5b) 

59% yield (18.9 mg) as a yellowish-white solid. 

1H-NMR (400 MHz, CDCl3) δ 7.00 (d, J = 8.7 Hz, 1H), 6.91 (dd, J = 8.7, 2.7 Hz, 1H), 6.66 (d, J = 2.7 

Hz, 1H), 6.41 (d, J = 2.3 Hz, 1H), 6.39 (d, J = 2.3 Hz, 1H), 4.89 (s, 1H), 4.88 (s, 1H), 4.59 (s, 1H), 3.77 

(s, 3H), 2.04 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 157.02, 155.11, 154.09, 148.09, 140.32, 120.48, 117.05, 116.48, 115.89, 

113.72, 109.94, 100.58, 55.92, 20.11. 

HRMS (ESI) calcd for C14H14O4Na: m/z ([M+Na+]) 269.0784, found 269.0777.  

IR (KBr) 3304, 3292, 3276, 2954, 2833, 1605, 1462, 1152, 1039, 803 cm-1. 

 

5'-Methoxy-[1,1'-biphenyl]-2,2',4-triol (5c) 

62% yield (18.7 mg) as a yellowish-white solid. 

1H-NMR (400 MHz, (CD3)2CO) δ 8.40 (br. s, 2H), 7.94 (br. s, 1H), 7.13 (d, J = 8.2 Hz, 1H), 6.88 (dd, 

J = 7.6, 1.6 Hz, 1H), 6.76-6.79 (m, 2H), 6.48-6.51 (m, 2H), 3.76 (s, 3H). 

13C-NMR (100 MHz, (CD3)2CO) δ 159.15, 155.58, 154.49, 148.27, 133.07, 127.93, 118.55, 117.99, 

117.03, 114.42, 108.99, 104.31, 55.78. 

HRMS (ESI) calcd for C13H12O4Na: m/z ([M+Na+]) 255.0628, found 255.0630.  

IR (KBr) 3420, 3397, 3337, 3082, 2968, 2840, 1878, 1613, 1112, 834 cm-1. 

 

5'-Methoxy-4,6-dimethyl-[1,1'-biphenyl]-2,2'-diol (5d) 

74% yield (23.5 mg) as a colorless sticky solid. 

1H-NMR (400 MHz, CDCl3) δ 6.98 (d, J = 8.7 Hz, 1H), 6.90 (dd, J = 8.7, 3.2 Hz, 1H), 6.73 (s, 1H), 

6.71 (s, 1H), 6.66 (d, J = 3.2 Hz, 1H), 4.88 (s, 1H), 4.65 (s, 1H), 3.76 (s, 3H), 2.32 (s, 3H), 2.05 (s, 3H).  

13C-NMR (100 MHz, CDCl3) δ 154.02, 153.72, 147.80, 140.32, 138.61, 123.60, 121.04, 118.37, 117.07, 

116.27, 115.60, 113.96, 55.87, 21.42, 19.93. 

HRMS (ESI) calcd for C15H16O3Na: m/z ([M+Na+]) 267.0992, found 267.0989.  

IR (KBr) 3493, 3426, 2921, 2835, 1624, 1487, 1269, 1152, 1038, 840 cm-1. 

 

6-(2-Hydroxy-5-methoxyphenyl)benzo[d][1,3]dioxol-5-ol (5e) 

84% yield (28.4 mg) as a pale violet solid. 

1H-NMR (400 MHz, CDCl3) δ 6.95 (d, J = 9.2 Hz, 1H), 6.87 (dd, J = 9.2, 3.2 Hz, 1H), 6.76 (d, J = 3.2 

Hz, 1H), 6.71 (s, 1H), 6.60 (s, 1H), 5.97 (s, 2H), 5.32 (s, 1H), 5.02 (s, 1H), 3.78 (s, 3H). 

13C-NMR (100 MHz, CDCl3) δ 154.29, 148.85, 148.05, 146.68, 142.41, 124.43, 117.62, 116.07, 115.59, 

115.38, 109.71, 101.63, 99.18, 55.96. 

HRMS (ESI) calcd for C14H12O5Na: m/z ([M+Na+]) 283.0577, found 283.0572.  

IR (KBr) 3435, 3230, 2961, 2908, 1626, 1488, 1432, 1282, 1042, 865 cm-1. 
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1-(2-Hydroxy-5-methoxyphenyl)naphthalen-2-ol (known compound 5f)19 

93% yield (32.2 mg) as a yellow liquid. 

1H-NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.7 Hz, 1H), 7.84 (dd, J = 7.6, 1.6 Hz, 1H), 7.35-7.41 (m, 

3H), 7.29 (d, J = 9.2 Hz, 1H), 7.07 (d, J = 9.2 Hz, 1H), 6.99 (dd, J = 9.2, 3.2 Hz, 1H), 6.79 (d, J = 3.2 

Hz, 1H), 5.38 (s, 1H), 4.61 (s, 1H), 3.77 (s, 3H). 

 

6-Hydroxy-5-(2-hydroxy-5-methoxyphenyl)-2-naphthonitrile (known compound 5g)20 

88% yield (33.3 mg) as a white solid. 

1H-NMR (400 MHz, (CD3)2CO) δ 8.36 (d, J = 1.4 Hz, 1H), 7.98 (d, J = 8.7 Hz, 1H), 7.54 (dd, J 

= 8.7, 1.4 Hz, 1H), 7.50 (d, J = 9.2 Hz, 1H), 7.42 (d, J = 8.7 Hz, 1H), 6.98 (d, J = 8.7 Hz, 1H), 

6.91 (dd, J = 9.2, 3.2 Hz, 1H), 6.75 (d, J = 3.2 Hz, 1H), 3.76 (s, 3H). 

 

6-Bromo-1-(2-hydroxy-5-methoxyphenyl)naphthalen-2-ol (known compound 5h)21 

88% yield (37.7 mg) as a brown solid. 

1H-NMR (400 MHz, CDCl3) δ 7.99 (d, J = 2.1 Hz, 1H), 7.77 (d, J = 9.1 Hz, 1H), 7.46 (dd, J = 2.1, 

8.8 Hz, 1H), 7.33–7.27 (m, 2H), 7.08 (d, J = 9.1 Hz, 1H), 7.01 (dd, J = 2.8, 8.8 Hz, 1H), 6.77 (d, J 

= 3.2 Hz, 1H), 5.37 (s, 1H), 4.52 (s, 1H), 3.79 (s, 3H). 

 

1-(2-hydroxy-5-methoxyphenyl)-7-methoxynaphthalen-2-ol (known compound 5i)20 

63% yield (24.3 mg) as a yellow liquid (the reaction carried out at 35 °C with 0.055 mL/min 

flow rate). 

1H-NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.7 Hz, 1H), 7.74 (d, J = 9.2 Hz, 1H), 7.14 (d, J = 

9.2 Hz, 1H), 7.10 (d, J = 9.2 Hz, 1H), 7.02 (m, 2H), 6.81 (d, J = 3.2 Hz, 1H), 6.67 (d, J = 2.3 Hz, 

1H), 5.25 (s, 1H), 4.55 (s, 1H), 3.79 (s, 3H), 3.73 (s, 3H). 

 

2-(2-Hydroxy-5-methoxyphenyl)naphthalen-1-ol (5j) 

58% yield (20.1 mg) as a white solid. 

1H-NMR (400 MHz, (CD3)2CO) δ 8.37-8.39 (m, 1H), 7.85-7.88 (m, 1H), 7.50-7.53 (m, 3H), 7.46 (d, J 

= 8.7 Hz, 1H), 7.04 (d, J = 8.7 Hz, 1H), 6.94 (d, J = 3.2 Hz, 1H), 6.88 (dd, J = 8.7, 3.2 Hz, 1H), 3.80 (s, 

3H). 

13C-NMR (100 MHz, (CD3)2CO) δ 154.80, 150.48, 147.85, 135.20, 129.86, 128.09, 127.34, 127.05, 

127.01, 125.97, 123.63, 120.84, 120.55, 117.68, 117.53, 115.39, 55.91. 

HRMS (ESI) calcd for C17H14O3Na: m/z ([M+Na+]) 289.0835, found 289.0830.  

IR (KBr) 3151, 3057, 2999, 2956, 1869, 1509, 1415, 1368, 1038, 819 cm-1. 
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1-(2-Hydroxy-5-methoxy-4-methylphenyl)naphthalen-2-ol (known compound 5k)18 

97% yield (35.3 mg) as a yellow liquid. 

1H-NMR (400 MHz, CD3OD) δ 7.64-7.67 (m, 2H), 7.32 (dd, J = 8.3, 0.9 Hz, 1H), 7.09-7.19 (m, 3H), 

6.73 (s, 1H), 6.56 (s, 1H), 3.60 (s, 3H), 2.15 (s, 3H). 

 

 

 

6-(2-Hydroxy-5-methoxy-4-methylphenyl)benzo[d][1,3]dioxol-5-ol (5l) 

92% yield (32.8 mg) as a violet solid. 

1H-NMR (400 MHz, (CD3)2CO) δ 8.15 (br. s, 2H), 6.80 (s, 1H), 6.78 (s, 1H), 6.76 (s, 1H), 6.54 (s, 1H), 

5.96 (s, 2H), 3.81 (s, 3H), 2.15 (s, 3H). 

13C-NMR (100 MHz, (CD3)2CO) δ 152.66, 149.61, 148.65, 147.54, 142.43, 127.27, 124.34, 119.63, 

119.23, 113.89, 110.90, 102.08, 99.54, 56.04, 16.02. 

HRMS (ESI) calcd for C15H14O5Na: m/z ([M+Na+]) 297.0733, found 297.0728.  

IR (KBr) 3482, 3273, 2955, 2881, 2323, 1626, 1479, 1408, 1172, 875 cm-1. 

 

1-(6-Hydroxy-3-methoxy-2,4-dimethylphenyl)naphthalen-2-ol (known compound 5m)18 

73% yield (27.9 mg) as an orange solid. 

1H-NMR (400 MHz, CD3OD) δ 7.66-7.69 (m, 2H), 7.06-7.17 (m, 4H), 6.59 (s, 1H), 3.61 (s, 3H), 2.23 

(s, 3H), 1.73 (s, 3H). 

 

 

 

6-(6-Hydroxy-3-methoxy-2,4-dimethylphenyl)benzo[d][1,3]dioxol-5-ol (5n) 

72% yield (27.0 mg) as a yellow solid (the reaction carried out at 35 °C with 0.048 mL/min flow rate 

using 0.50 mol% TfOH). 

1H-NMR (400 MHz, (CD3)2CO) δ 7.42 (s, 1H), 7.16 (s, 1H), 6.58 (s, 1H), 6.52 (s, 1H), 6.49 (s, 1H), 

5.94 (q, J = 1.4 Hz, 2H), 3.63 (s, 3H), 2.21 (s, 3H), 1.98 (s, 3H). 

13C-NMR (100 MHz, (CD3)2CO) δ 151.78, 150.94, 150.59, 148.58, 141.66, 131.96, 131.14, 123.86, 

115.74, 111.34, 101.86, 98.86, 98.78, 59.95, 16.23, 13.72. 

HRMS (ESI) calcd for C16H16O5Na: m/z ([M+Na+]) 311.0890, found 311.0887.  

IR (KBr) 3480, 3398, 3044, 2888, 2524, 1703, 1624, 1294, 1082, 844 cm-1. 

  



S14 

 

5. Supplementary Note 1: preliminary result for the asymmetric synthesis of atropoisomeric biaryl 3h 
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23% ee 3h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC conditions: Daicel Chiralpak ID column, 2-propanol/n-hexane = 1/9, flow rate 1.0 mL/min, 254 nm; 19.2 min. (major 

isomer) and 24.1 min. (minor isomer). 
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6. Supplementary Note 2: transformations of 3e and 5f 

6.1 Removal of Ms group 

 

 

According to the reported procedure23, the methanesulfonyl group in 3e was successfully removed to afford the corresponding 

product 6: To a stirring solution of 3e (50 mg, 0.145 mmol) and Boc2O (2.4 equiv, 0.34 mmol) in DCM (10 mL), DMAP (0.4 

equiv) was added at room temperature under air atmosphere. After stirring for 1 h, DCM was removed under reduced pressure 

and the obtained residue was used without further purification. Under N2 gas atmosphere, dry THF (0.04M) was added and, 

n-BuLi (2.6 M in hexane, 3.0 equiv., 0.168 mL) was added dropwise to the mixture at 0 ˚C. After stirring for 20 min, N2 gas 

balloon was replaced by a dry O2 balloon and kept for stirring at room temperature. After stirring for 1h, water was added, 

and the aqueous phase was extracted with EtOAc three times. The combined organic layers were dried over anhydrous Na2SO4 

and evaporated in vacuo. Finally, TFA (0.3 mL) was added dropwise to the mixture in DCM (5 mL). After stirring for 1 h, the 

mixture was evaporated in vacuo, and directly purified by column chromatography on SiO2 (acetone/n-hexane = 1:1) to afford 

compound 6 (33.1 mg, 86% yield) as a brown solid. 

 

1-(2-Amino-5-methoxyphenyl)naphthalen-2-ol (6) 

1H-NMR (600 MHz, CDCl3) δ 7.83 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.2 Hz, 1H), 7.39 (ddd, J = 7.6, 

7.3, 1.4 Hz, 1H), 7.35 (ddd, J = 7.6, 6.9, 1.4 Hz, 1H), 7.30 (d, J = 8.2 Hz, 1H), 6.90-6.94 (m, 2H), 6.80 

(d, J = 2.7 Hz, 1H), 3.76 (s, 3H). 

13C-NMR (175 MHz, CDCl3) δ 153.44, 151.34, 138.16, 133.10, 130.16, 129.48, 128.41, 126.88, 

124.79, 123.80, 120.94, 118.66, 118.29, 117.64, 116.99, 116.40, 55.90. 

HRMS (ESI) calcd for C17H15NO2Na: m/z ([M+Na+]) 288.0995, found 288.0993. 

IR (KBr) 3389, 3322, 3075, 1617, 1506, 1387, 1213, 1173, 1039, 755 cm-1 

 

6.2 Reductive coupling of 5 with diphenyl phosphine oxide 

 

 

The Ni(II)/Zn catalyzed reductive coupling of 5f with diphenyl phosphine oxide was carried out following the literature 

procedure24: To a reaction vessel containing NiCl2.6H2O (0.024 mmol), zinc (0.23 mmol), 2,2’-bipyridine (bpy) (0.048 mmol), 
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and 5f (50 mg, 0.14 mmol) dissolved in DMF (0.6 M), diphenylphosphine oxide (0.8 equiv., 0.12 mmol) was added 

portionwise and the reaction mixture was stirred at 120 °C. After stirring for 24 h, it was allowed to cool to room temperature, 

quenched with water, and extracted with EtOAc three times. The organic layers were combined, dried over anhydrous Na2SO4, 

evaporated in vacuo, and purified by column chromatography on SiO2 using dichloromethane-methanol as eluent to afford 7 

(20.2 mg, 60% yield) as a white solid.  

 

(6-Hydroxy-5-(2-hydroxy-5-methoxyphenyl)naphthalen-2-yl)diphenylphosphine oxide (7) 

1H-NMR (600 MHz, CD3OD) δ 8.08 (d, J = 13.7 Hz, 1H), 7.81 (d, J = 8.9 Hz, 1H), 7.63-7.70 (m, 

6H), 7.54-7.57 (m, 4H), 7.50 (dd, J = 8.9, 2.7 Hz, 1H), 7.43 (t, J = 9.3 Hz, 1H), 7.30 (d, J = 8.9 Hz, 

1H), 6.91 (d, J = 8.9 Hz, 1H), 6.88 (dd, J = 8.9, 2.7 Hz, 1H), 6.71 (d, J = 2.7 Hz, 1H), 3.74 (s, 3H). 

13C-NMR (175 MHz, CD3OD) δ 156.26, 154.54, 150.47, 137.34, 135.20 (d, JC-P = 10.4 Hz), 133.70, 

133.15 (d, JC-P = 10.4 Hz), 132.98 (d, 1JC-P = 105.33 Hz), 131.29, 129.97 (d, JC-P = 11.7 Hz), 128.86 

(d, JC-P = 14.3 Hz), 127.58 (d, JC-P = 10.4 Hz), 126.79 (d, JC-P = 13.00 Hz), 125.33 (d, 1JC-P = 107.93 Hz), 124.17, 120.83, 

119.91, 118.46, 117.79, 115.90, 56.18. 

31P NMR (243 MHz, CD3OD): δ 33.49. 

HRMS (ESI) calcd for C29H23O4PNa: m/z ([M+Na+]) 489.1226, found 489.1240. 

IR (KBr) 3386, 3068, 1611, 1512, 1438, 1208, 1168, 1119, 726, 700 cm-1 

 

7. Supplementary Note 3: microreactor information 

 

Comet X (Total solution holding capacity: 29.4 μL) equips 19 mixing spaces made by three different types of perforated-

plates ①②③ in the stainless steel cylinder. Reagent B (substrate 1 in toluene) introduced to the start of the micro flow 

reactor from a 0.96 mm inner tube is surrounded by Reagent A (substrate 2 and TfOH in toluene), which has moved through 

a gap of 2.0 mm outer tube inner diameter and 1.56 mm outer tube diameter, over the entire surface area of the cylindrical 

release. After the first mixing of Reagent A/Reagent B, the mixture is pushed into three of ɸ0.5 hole on the plate immediately. 

In the micro spaces, Reagent B enters from the circumference side along the centre of the entire micro flow reactor, and the 

mixture enters from the circumference outside the centre. In the three-hole spaces, Reagent B enters from the circumference 
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side along the centre of the entire microflow reactor, and Reagent A enters from the circumference outside the centre. The 

mass transfer is extremely accelerated due to concentration gradient. And then the reaction takes place at the hall. The mixture 

divided into 3 parts are again integrated into one channel of ɸ 1.0 from the hall of ɸ 2.0. These results in a more concentrated 

mixing of the reagents and further reaction. Then, it passes through the ɸ 2.0 hall again and is dispersed into three ɸ 0.5 micro 

spaces. 

The Micro Flow Reactor [Comet X] repeats the above process totally five times.  

 

 

 

In β-type micromixer, substrate solution flows through multiple holes in A and B and is mixed. The red hole in A is blocked 

in the center by a protrusion on the B side, and the substrate solution emerges from the half-moon-shaped part. The blue hole 

in B is similarly blocked in the center by a protrusion on the A side, and the substrate solution emerges from the half-moon-

shaped part. The substrate solution flows out of the half-moon-shaped part in B. The substrate solution mixes with the substrate 

solution and flows through the channel formed by the protrusions in A and B, and then flows out of the hole in the lower part 

of A side. 

 

Fig. S2 Information for flow microreactors: Comet-X, T-shaped, and β-type 
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8. Supplementary Note 4: screening of microreactors under same reaction conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme S1 A head-to-head comparison of the microreactors 

 

9. Supplementary Note 5: mechanistic study 

 

Fig. S3 Control experiment 
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10. Supplementary Note 6: X-ray crystallographic analysis 

X-ray crystallographic analysis of 5j (CCDC 2142538) 

 

Identification code Req158-1 

Empirical formula C17H14O3 

Formula weight 266.28 

Temperature/K 100 

Crystal system monoclinic 

Space group P21/c 

a/Å 13.6920(2) 

b/Å 11.2743(2) 

c/Å 8.57540(10) 

α/° 90 

β/° 98.6050(10) 

γ/° 90 

Volume/Å3 1308.86(3) 

Z 4 

ρcalcg/cm3 1.351 

μ/mm-1 0.749 

F(000) 560.0 

Crystal size/mm3 0.14 × 0.11 × 0.09 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 6.528 to 151.918 

Index ranges -17 ≤ h ≤ 17, -13 ≤ k ≤ 13, -10 ≤ l ≤ 10 

Reflections collected 13180 

Independent reflections 2658 [Rint = 0.0290, Rsigma = 0.0225] 

Data/restraints/parameters 2658/0/184 

Goodness-of-fit on F2 1.042 

Final R indexes [I>=2σ (I)] R1 = 0.0335, wR2 = 0.0947 

Final R indexes [all data] R1 = 0.0360, wR2 = 0.0969 

Largest diff. peak/hole / e Å-3 0.19/-0.22 
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