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1. General Information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. Reactions were monitored by TLC. 
1
H NMR (300 MHz) and 

13
C NMR (75 MHz) 

spectra were recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are reported in ppm 

relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal standard 

(CDCl3 at 7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: chemical shift, 

multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 

coupling constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm from 

tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 77.20 ppm, 

DMSO-d6 at 39.51 ppm). The enantiomeric excesses were determined by chiral HPLC analysis. 

HPLC analysis was performed on Shimadzu SCL-10AVP HPLC systems consisting of the 

followings: pump, LC-10AD; detector, SPD-10A measured at 254 nm. HRMS was recorded on 

Bruker Q TOF. Optical rotations were measured with a Perkin-Elmer-341 polarimeter. Melting 

points were recorded on a Büchi Melting Point B-545. 

 

2. General procedure for the synthesis of chromanes 3 

In an ordinary vial equipped with a magnetic stirring bar, the ortho-hydroxy benzylic alcohols 2 

(0.15 mmol, 1.5 equiv) were added to a solution of 1-vinylnaphthalen-2-ols 1 (0.10 mmol, 1.0 

equiv), CPA D (5 mol %) and 3 Å MS (20 mg) in toluene (0.5 mL) at 0 
o
C. And then, the mixture 

was stirred at the same temperature for specified time. After completion of the reaction, as 

indicated by TLC, the chromanes 3 were isolated by flash chromatography on silica gel 

(petroleum ether/ethyl acetate = 15/1~10/1). 

 

1-((2R,3S,4R)-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3a): White solid; 

42.5 mg, 99% yield; >95:5 dr, 97% ee; [α]D
20

 = -212.9 (c 0.75, CH2Cl2); mp 

190.8-192.6 ºC; The ee was determined by HPLC (Chiralpak IC, i-PrOH/hexane 

= 3/97, flow rate 0.8 mL/min, λ = 254 nm, tminor = 6.8 min, tmajor = 10.2 min); 
1
H 

NMR (300 MHz, DMSO-d6) δ 10.01 (s, 1H), 8.24 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 

7.58 (d, J = 8.9 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 7.27-7.10 (m, 5H), 7.01 (q, J = 7.9, 6.6 Hz, 3H), 

6.95-6.79 (m, 4H), 6.77-6.56 (m, 5H), 4.77 (dd, J = 10.7, 3.4 Hz, 1H), 4.45 (d, J = 4.9 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 155.0, 153.6, 141.7, 139.1, 133.0, 130.7, 130.4, 130.1, 128.7, 

128.6, 128.5, 128.2, 127.4, 127.0, 126.4, 126.2, 125.3, 123.8, 122.3, 120.4, 117.9, 116.4, 115.4, 

69.4, 49.2, 46.6; HRMS (ESI-TOF) calcd. for C31H24NaO2 [M + Na]
+
 451.1669; found: 451.1670. 

1-((2R,3S,4R)-4-phenyl-3-(o-tolyl)chroman-2-yl)naphthalen-2-ol (3b): White 

solid; 43.8 mg, 99% yield; >95:5 dr, 99% ee; [α]D
20

 = -139.2 (c 1.02, CH2Cl2); 

mp 114.6-116.7 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 9.7 min, tmajor 

= 6.9 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.93 (s, 1H), 8.24 (d, J = 8.2 Hz, 

1H), 7.67 (d, J = 8.1 Hz, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.39 (t, J = 7.7 Hz, 1H), 7.22 (q, J = 6.8 Hz, 

2H), 7.17-7.08 (m, 3H), 7.05 (d, J = 7.5 Hz, 1H), 6.97 (d, J = 8.5 Hz, 2H), 6.94-6.84 (m, 2H), 6.75 

(t, J = 7.5 Hz, 1H), 6.70-6.54 (m, 3H), 6.40 (t, J = 7.5 Hz, 1H), 6.09 (s, 1H), 5.15-4.80 (m, 1H), 

4.48 (d, J = 5.0 Hz, 1H), 2.27 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 155.0, 153.7, 141.9, 136.9, 

135.3, 133.0, 130.8, 130.4, 130.0, 129.5, 128.7, 128.5, 128.2, 128.1, 127.2, 126.2, 126.1, 125.6, 

125.3, 123.9, 123.4, 122.3, 120.3, 117.9, 116.4, 115.2, 69.7, 46.3, 41.9, 19.1; HRMS (ESI-TOF) 
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calcd. for C32H26NaO2 [M + Na]
+
 465.1825; found: 465.1810. 

1-((2R,3S,4R)-4-phenyl-3-(m-tolyl)chroman-2-yl)naphthalen-2-ol (3c): 

White solid; 43.6 mg, 99% yield; >95:5 dr, 98% ee; [α]D
20

 = -128.7 (c 1.10, 

CH2Cl2); mp 109.9-111.8 ºC; The ee was determined by HPLC (Chiralpak 

AS-H, EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 9.4 min, 

tmajor = 7.8 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.91 (s, 1H), 8.18 (d, J = 8.7 

Hz, 1H), 7.67 (d, J = 7.4 Hz, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.36 (t, J = 7.1 Hz, 1H), 7.26-7.12 (m, 

5H), 7.03 (dd, J = 7.6, 1.4 Hz, 1H), 6.96 (t, J = 8.7 Hz, 2H), 6.89 (t, J = 7.3 Hz, 1H), 6.75-6.68 (m, 

2H), 6.67-6.56 (m, 3H), 6.52 (s, 1H), 6.46 (d, J = 3.9 Hz, 1H), 4.68 (dd, J = 11.8, 5.0 Hz, 1H), 

4.40 (d, J = 4.9 Hz, 1H), 1.95 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.9, 153.6, 141.6, 138.8, 

135.6, 133.0, 130.5, 130.3, 129.9, 129.5, 128.6, 128.5, 128.1, 127.2, 126.7, 126.2, 126.0, 125.5, 

125.3, 123.6, 122.2, 120.2, 117.8, 116.3, 115.4, 69.4, 49.2, 46.4, 20.9; HRMS (ESI-TOF) calcd. 

for C32H26NaO2 [M + Na]
+
 465.1825; found: 465.1809. 

1-((2R,3S,4R)-4-phenyl-3-(p-tolyl)chroman-2-yl)naphthalen-2-ol (3d): 

White solid; 43.8 mg, 99% yield; >95:5 dr, 98% ee; [α]D
20

 = -151.9 (c 1.18, 

CH2Cl2); mp 137.2-139.0 ºC; The ee was determined by HPLC (Chiralpak IA, 

EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tminor = 9.6 min, tmajor 

= 6.1 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.90 (s, 1H), 8.19 (d, J = 8.7 Hz, 1H), 7.67 (d, J = 

8.1 Hz, 1H), 7.56 (d, J = 8.8 Hz, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.28-7.09 (m, 5H), 7.07-6.83 (m, 

4H), 6.74-6.49 (m, 7H), 4.70 (dd, J = 11.9, 5.1 Hz, 1H), 4.40 (d, J = 5.0 Hz, 1H), 2.04 (s, 3H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 154.9, 153.5, 141.7, 135.9, 134.8, 133.0, 130.5, 130.4, 129.9, 128.6, 

128.5, 128.4, 128.1, 127.6, 127.3, 126.3, 126.0, 125.4, 123.7, 122.2, 120.2, 117.9, 116.3, 115.5, 

69.4, 49.2, 46.1, 20.5; HRMS (ESI-TOF) calcd. for C32H26NaO2 [M + Na]
+
 465.1825; found: 

465.1820. 

1-((2R,3S,4R)-3-(2-chlorophenyl)-4-phenylchroman-2-yl)naphthalen-2-ol 

(3e): White solid; 45.8 mg, 99% yield; 72:28 dr, 97% ee (major diastereoisomer); 

[α]D
20

 = -263.2 (c 1.20, CH2Cl2); mp 131.5-133.4 ºC; The ee was determined by 

HPLC (Chiralpak IA, EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereoisomer, tminor = 13.6 min, tmajor = 6.5 min); 
1
H NMR (300 MHz, DMSO-d6) (major 

diastereoisomer) δ 10.10 (s, 1H), 8.20 (d, J = 8.6 Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 

8.8 Hz, 1H), 7.39 (t, J = 7.7 Hz, 1H), 7.29-7.19 (m, 3H), 7.18-7.11 (m, 3H), 7.07 (d, J = 7.6 Hz, 

1H), 7.04-6.96 (m, 2H), 6.91 (t, J = 7.1 Hz, 2H), 6.72-6.54 (m, 4H), 6.30 (br s, 1H), 5.44-5.05 (m, 

1H), 4.55 (d, J = 5.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.8, 153.7, 141.4, 136.0, 133.0, 

132.9, 130.7, 130.3, 130.0, 129.7, 129.1, 128.7, 128.6, 128.5, 128.3, 127.9, 127.7, 127.4, 126.5, 

126.2, 125.2, 124.5, 123.3, 122.4, 120.5, 117.9, 116.5, 114.5, 69.0, 46.0, 42.9; HRMS (ESI-TOF) 

calcd. for C31H23ClNaO2 [M + Na]
+
 485.1279; found: 485.1273. 

1-((2R,3S,4R)-3-(3-chlorophenyl)-4-phenylchroman-2-yl)naphthalen-2-ol 

(3f): White solid; 45.3 mg, 98% yield; >95:5 dr, 97% ee; [α]D
20

 = -166.6 (c 0.76, 

CH2Cl2); mp 129.2-130.9 ºC; The ee was determined by HPLC (Chiralpak IA, 

EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tminor = 8.8 min, tmajor 

= 6.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.04 (s, 1H), 8.20 (d, J = 8.7 Hz, 

1H), 7.68 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 8.9 Hz, 1H), 7.38 (t, J = 7.7 Hz, 1H), 7.28-7.16 (m, 5H), 

7.08-6.81 (m, 6H), 6.76-6.63 (m, 4H), 6.58 (d, J = 11.7 Hz, 1H), 4.77 (dd, J = 11.9, 5.2 Hz, 1H), 

4.46 (d, J = 5.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.8, 153.5, 141.5, 141.4, 132.8, 
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131.6, 130.6, 130.3, 130.2, 128.7, 128.6, 128.5, 128.2, 127.4, 127.3, 126.5, 126.2, 126.1, 124.9, 

123.7, 122.3, 120.4, 117.7, 116.4, 114.8, 69.0, 48.8, 46.3; HRMS (ESI-TOF) calcd. for 

C31H23ClNaO2 [M + Na]
+
 485.1279; found: 485.1261. 

1-((2R,3S,4R)-3-(4-chlorophenyl)-4-phenylchroman-2-yl)naphthalen-2-ol 

(3g): White solid; 45.4 mg, 98% yield; >95:5 dr, 99% ee; [α]D
20

 = -155.5 (c 1.21, 

CH2Cl2); mp 114.0-115.8 ºC; The ee was determined by HPLC (Chiralpak 

AS-H, EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 10.5 

min, tmajor = 8.0 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.99 (s, 1H), 8.20 (d, J = 8.7 Hz, 1H), 

7.68 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 7.27-7.15 (m, 5H), 7.03 

(d, J = 7.5 Hz, 1H), 7.01-6.93 (m, 2H), 6.93-6.84 (m, 3H), 6.76-6.63 (m, 4H), 6.59 (d, J = 11.7 Hz, 

1H), 4.76 (dd, J = 11.7, 5.1 Hz, 1H), 4.45 (d, J = 5.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 

154.8, 153.5, 141.5, 138.0, 132.8, 130.7, 130.6, 130.4, 130.2, 128.7, 128.5, 128.2, 127.5, 126.8, 

126.5, 126.2, 125.0, 123.7, 122.3, 120.4, 117.8, 116.4, 115.0, 69.1, 48.8, 45.9; HRMS (ESI-TOF) 

calcd. for C31H23ClNaO2 [M + Na]
+
 485.1279; found: 485.1262. 

1-((2R,3S,4R)-3-(4-fluorophenyl)-4-phenylchroman-2-yl)naphthalen-2-ol 

(3h): White solid; 41.2 mg, 99% yield; >95:5 dr, 98% ee; [α]D
20

 = -169.6 (c 1.31, 

CH2Cl2); mp 113.2-115.0 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 10.6 min, tmajor 

= 7.8 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.97 (s, 1H), 8.21 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 

7.8 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 7.29-7.12 (m, 5H), 7.09-6.85 (m, 

4H), 6.75-6.53 (m, 7H), 4.77 (dd, J = 11.7, 5.1 Hz, 1H), 4.43 (d, J = 5.1 Hz, 1H); 
13

C NMR (75 

MHz, DMSO-d6) δ 160.6 (d, J = 240.7 Hz, 1C), 154.8, 153.5, 141.6, 135.2 (d, J = 3.1 Hz, 1C), 

132.9, 130.6, 130.4, 130.2, 130.1, 128.6, 128.5, 128.1, 127.4, 126.4, 126.1, 125.1, 123.7, 122.3, 

120.4, 117.8, 116.4, 115.2, 113.6 (d, J = 20.6 Hz, 1C), 69.3, 49.0, 45.8; HRMS (ESI-TOF) calcd. 

for C31H23FNaO2 [M + Na]
+
 469.1574; found: 469.1575. 

 

1-((2R,3S,4R)-3-(4-bromophenyl)-4-phenylchroman-2-yl)naphthalen-2-ol 

(3i): White solid; 49.2 mg, 99% yield; >95:5 dr, 99% ee; [α]D
20

 = -88.9 (c 0.74, 

CH2Cl2); mp 112.8-114.7 ºC; The ee was determined by HPLC (Chiralpak 

AS-H, EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 11.1 

min, tmajor = 8.4 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.97 (s, 1H), 8.19 (d, J = 8.7 Hz, 1H), 

7.68 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.29-7.14 (m, 5H), 

7.08-6.94 (m, 5H), 6.90 (t, J = 7.4 Hz, 1H), 6.76-6.66 (m, 2H), 6.66-6.51 (m, 3H), 4.74 (dd, J = 

12.0, 5.0 Hz, 1H), 4.45 (d, J = 5.0 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.8, 153.5, 141.5, 

138.5, 132.8, 130.7, 130.6, 130.4, 130.2, 129.7, 128.7, 128.5, 128.2, 127.5, 126.5, 126.2, 125.0, 

123.7, 122.3, 120.4, 119.4, 117.8, 116.4, 115.0, 69.0, 48.7, 46.0; HRMS (ESI-TOF) calcd. for 

C31H23BrNaO2 [M + Na]
+
 529.0774; found: 529.0773. 

4-((2R,3S,4R)-2-(2-hydroxynaphthalen-1-yl)-4-phenylchroman-3-yl)benzon

itrile (3j): White solid; 44.8 mg, 99% yield; >95:5 dr, 93% ee; [α]D
20

 = -226.9 

(c 1.49, CH2Cl2); mp 158.2-160.4 ºC; The ee was determined by HPLC 

(Chiralpak IA, EtOH/hexane = 15/85, flow rate 1.0 mL/min, λ = 254 nm, tminor 

= 7.8 min, tmajor = 6.2 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.05 (s, 1H), 8.20 (d, J = 8.7 Hz, 

1H), 7.68 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.44-7.35 (m, 1H), 7.30 (d, J = 8.1 Hz, 2H), 

7.27-7.14 (m, 5H), 7.08-6.79 (m, 6H), 6.75-6.52 (m, 3H), 4.88 (dd, J = 10.6, 4.9 Hz, 1H), 4.50 (d, 
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J = 5.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.8, 153.5, 145.1, 141.2, 132.8, 130.7, 130.7, 

130.3, 130.3, 129.6, 128.7, 128.5, 128.2, 127.6, 126.6, 126.3, 124.8, 123.6, 122.4, 120.5, 118.7, 

117.8, 116.4, 114.6, 108.9, 68.8, 48.6, 46.7; HRMS (ESI-TOF) calcd. for C32H23NNaO2 [M + Na]
+
 

476.1621; found: 476.1624. 

1-((2R,3S,4R)-3-(4-fluoro-2-methylphenyl)-4-phenylchroman-2-yl)naphtha

len-2-ol (3k): White solid; 45.5 mg, 99% yield; >95:5 dr, 95% ee; [α]D
20

 = 

-141.3 (c 1.31, CH2Cl2); mp 117.6-119.3 ºC; The ee was determined by HPLC 

(Chiralpak IA, EtOH/hexane = 20/80, flow rate 0.6 mL/min, λ = 254 nm, tminor 

= 8.5 min, tmajor = 7.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.08 (s, 1H), 

8.25 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.40 (t, J = 7.7 Hz, 1H), 

7.30-7.13 (m, 5H), 7.11-6.96 (m, 3H), 6.96-6.83 (m, 2H), 6.79-6.63 (m, 2H), 6.63-6.49 (m, 2H), 

5.87 (s, 1H), 4.92 (d, J = 13.1 Hz, 1H), 4.51 (d, J = 5.1 Hz, 1H), 2.20 (s, 3H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 159.2 (d, J = 237.6 Hz, 1C), 154.9, 153.5, 141.7, 139.2 (d, J = 7.6 Hz, 1C), 132.9, 

131.3, 130.9, 130.6, 130.5, 130.3, 130.2, 128.8, 128.5, 128.2, 127.4, 126.5, 126.2, 124.9, 123.5, 

122.4, 120.5, 117.8, 116.5, 115.2, 114.9, 114.8, 112.2 (d, J = 20.6 Hz, 1C), 69.3, 46.0, 42.3, 18.3; 

HRMS (ESI-TOF) calcd. for C32H25FNaO2 [M + Na]
+
 483.1731; found: 483.1730. 

1-((2R,3R,4R)-4-phenyl-3-(thiophen-2-yl)chroman-2-yl)naphthalen-2-ol (3l): 

White solid; 42.5 mg, 98% yield; >95:5 dr, 99% ee; [α]D
20

 = -106.7 (c 1.06, 

CH2Cl2); mp 115.8-118.0 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 29.2 min, tmajor 

= 9.2 min);
 1
H NMR (300 MHz, DMSO-d6) δ 9.93 (s, 1H), 8.10 (d, J = 8.7 Hz, 1H), 7.71 (d, J = 

8.1 Hz, 1H), 7.62 (d, J = 8.8 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.29-7.14 (m, 5H), 7.10-6.98 (m, 

3H), 6.98-6.86 (m, 2H), 6.86-6.72 (m, 2H), 6.62-6.44 (m, 2H), 6.17 (d, J = 3.5 Hz, 1H), 5.04 (dd, 

J = 11.7, 5.2 Hz, 1H), 4.49 (d, J = 5.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.6, 153.8, 

141.8, 140.4, 133.0, 130.5, 130.1, 130.0, 128.7, 128.4, 128.2, 127.5, 126.5, 126.2, 126.0, 124.8, 

124.7, 123.5, 123.2, 122.2, 120.4, 118.0, 116.3, 115.2, 69.7, 49.3, 41.4; HRMS (ESI-TOF) calcd. 

for C29H22NaO2S [M + Na]
+
 457.1233; found: 457.1228. 

1-((2R,3S,4R)-6-fluoro-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3m): 

White solid; 43.5 mg, 98% yield; >95:5 dr, 94% ee; [α]D
20

 = -145.9 (c 1.18, 

CH2Cl2); mp 127.6-129.3 ºC; The ee was determined by HPLC (Chiralpak IB, 

EtOH/hexane = 5/95, flow rate 0.6 mL/min, λ = 254 nm, tminor = 14.1 min, tmajor 

= 14.9 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.96 (s, 1H), 8.20 (d, J = 8.7 Hz, 1H), 7.67 (d, J = 

7.9 Hz, 1H), 7.57 (d, J = 8.9 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.26-7.12 (m, 4H), 7.12-7.03 (m, 

1H), 7.03-6.93 (m, 2H), 6.92-6.78 (m, 4H), 6.74-6.53 (m, 5H), 4.75 (dd, J = 11.8, 5.1 Hz, 1H), 

4.45 (d, J = 5.0 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 156.1 (d, J = 234.6 Hz, 1C), 153.6, 

151.2, 141.1, 138.7, 132.9, 130.3, 130.1, 128.6, 128.5, 128.4, 127.4, 126.9, 126.6, 126.5, 126.2, 

126.1, 123.6, 122.2, 117.9, 117.6 (d, J = 8.1 Hz, 1C), 116.0 (d, J = 22.1 Hz, 1C), 115.2, 115.1 (d, J 

= 23.0 Hz, 1C), 69.5, 49.1, 46.2; HRMS (ESI-TOF) calcd. for C31H23FNaO2 [M + Na]
+
 469.1574; 

found: 469.1564. 

1-((2R,3S,4R)-6-chloro-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3n): 

White solid; 45.8 mg, 99% yield; >95:5 dr, 92% ee; [α]D
20

 = -114.9 (c 1.26, 

CH2Cl2); mp 126.2-127.8 ºC; The ee was determined by HPLC (Chiralpak IA, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 9.2 min, 

tmajor = 6.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.99 (s, 1H), 8.16 (d, J = 8.7 Hz, 1H), 7.67 (d, 
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J = 8.1 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.38 (t, J = 7.7 Hz, 1H), 7.30-7.07 (m, 6H), 6.99 (t, J = 

7.7 Hz, 2H), 6.92-6.78 (m, 3H), 6.74-6.59 (m, 5H), 4.74 (dd, J = 12.3, 4.7 Hz, 1H), 4.46 (d, J = 

4.9 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 153.8, 153.7, 141.0, 138.6, 132.9, 130.3, 130.2, 

129.8, 128.7, 128.6, 128.5, 128.0, 127.5, 127.3, 127.0, 126.6, 126.2, 123.8, 123.5, 122.3, 118.3, 

117.9, 114.9, 69.8, 48.8, 46.0; HRMS (ESI-TOF) calcd. for C31H23ClNaO2 [M + Na]
+
 485.1279; 

found: 485.1292. 

1-((2R,3S,4R)-6-bromo-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3o): 

White solid; 50.2 mg, 99% yield; 95:5 dr, 96% ee; [α]D
20

 = -112.3 (c 1.30, 

CH2Cl2); mp 135.2-137.1 ºC; The ee was determined by HPLC (Chiralpak IB, 

EtOH/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm, tminor = 12.1 min, 

tmajor = 10.7 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.99 (s, 1H), 8.16 (d, J = 8.8 Hz, 1H), 7.67 (d, 

J = 8.1 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.45-7.31 (m, 2H), 7.27-7.11 (m, 5H), 6.97 (t, J = 8.6 Hz, 

2H), 6.92-6.77 (m, 3H), 6.74-6.56 (m, 5H), 4.74 (dd, J = 12.1, 4.9 Hz, 1H), 4.47 (d, J = 5.0 Hz, 

1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.2, 153.6, 141.0, 138.6, 132.9, 132.6, 130.8, 130.3, 

130.2, 128.7, 128.5, 128.5, 127.9, 127.5, 127.0, 126.5, 126.2, 123.5, 122.3, 118.7, 117.9, 114.9, 

111.5, 69.7, 48.7, 46.0; HRMS (ESI-TOF) calcd. for C31H23BrNaO2 [M + Na]
+
 529.0774; found: 

529.0782. 

1-((2R,3S,4R)-6-methyl-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3p): 

White solid; 43.8 mg, 99% yield; >95:5 dr, >99% ee; [α]D
20

 = -92.8 (c 0.75, 

CH2Cl2); mp 112.0-113.8 ºC; The ee was determined by HPLC (Chiralpak IA, 

EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, tminor = 15.7 min, 

tmajor = 6.4 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.92 (s, 1H), 8.19 (d, J = 8.7 Hz, 1H), 7.66 (d, 

J = 7.5 Hz, 1H), 7.55 (d, J = 8.9 Hz, 1H), 7.36 (t, J = 7.1 Hz, 1H), 7.21 (d, J = 7.3 Hz, 1H), 

7.18-7.12 (m, 3H), 7.03 (dd, J = 8.4, 1.9 Hz, 1H), 6.96 (d, J = 8.9 Hz, 1H), 6.90-6.84 (m, 2H), 

6.84-6.78 (m, 3H), 6.71-6.56 (m, 5H), 4.70 (dd, J = 11.8, 5.1 Hz, 1H), 4.37 (d, J = 5.0 Hz, 1H), 

2.19 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 153.4, 152.7, 141.7, 139.0, 132.9, 130.6, 130.3, 

129.9, 128.8, 128.6, 128.5, 127.3, 126.9, 126.3, 126.0, 125.9, 124.9, 123.7, 122.2, 117.8, 116.1, 

115.5, 69.2, 49.2, 46.6, 20.0; HRMS (ESI-TOF) calcd. for C32H26NaO2 [M + Na]
+
 465.1825; 

found: 465.1826. 

1-((2R,3S,4R)-6-methoxy-3,4-diphenylchroman-2-yl)naphthalen-2-ol 

(3q): White solid; 41.7 mg, 91% yield; >95:5 dr, 97% ee; [α]D
20

 = -139.6 (c 

1.38, CH2Cl2); mp 197.5-199.3 ºC; The ee was determined by HPLC 

(Chiralpak IA, EtOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, 

tminor = 15.6 min, tmajor = 8.4 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.91 (s, 1H), 8.22 (d, J = 8.8 

Hz, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.55 (d, J = 8.9 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.27-7.09 (m, 

4H), 6.97 (d, J = 8.9 Hz, 1H), 6.94-6.78 (m, 5H), 6.75-6.53 (m, 6H), 4.72 (dd, J = 11.7, 5.0 Hz, 

1H), 4.41 (d, J = 5.1 Hz, 1H), 3.62 (s, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 153.5, 153.0, 148.9, 

141.5, 139.0, 133.0, 130.3, 129.9, 128.6, 128.5, 127.3, 126.9, 126.4, 126.1, 126.0, 125.6, 123.8, 

122.2, 117.9, 117.0, 115.6, 114.7, 114.4, 69.2, 55.3, 49.5, 46.6; HRMS (ESI-TOF) calcd. for 

C32H26NaO3 [M + Na]
+
 481.1774; found: 481.1778. 

1-((2R,3S,4R)-6-(tert-butyl)-3,4-diphenylchroman-2-yl)naphthalen-2-ol 

(3r): White solid; 43.5 mg, 90% yield; >95:5 dr, 98% ee; [α]D
20

 = -118.5 (c 

0.93, CH2Cl2); mp 190.5-192.1 ºC; The ee was determined by HPLC 

(Chiralpak IB, EtOH/hexane = 5/95, flow rate 0.6 mL/min, λ = 254 nm, tminor 
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= 10.8 min, tmajor = 11.6 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.88 (s, 1H), 8.17 (d, J = 8.7 Hz, 

1H), 7.65 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 8.9 Hz, 1H), 7.35 (t, J = 7.2 Hz, 1H), 7.26 (dd, J = 8.6, 

2.2 Hz, 1H), 7.23-7.10 (m, 4H), 7.01 (d, J = 2.1 Hz, 1H), 6.94 (d, J = 8.9 Hz, 1H), 6.91-6.77 (m, 

4H), 6.74-6.48 (m, 5H), 4.71 (dd, J = 11.2, 4.8 Hz, 1H), 4.40 (d, J = 4.9 Hz, 1H), 1.21 (s, 9H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 153.4, 152.6, 142.3, 141.6, 139.1, 132.9, 130.3, 129.9, 128.6, 128.5, 

127.3, 126.9, 126.6, 126.3, 126.0, 125.3, 124.3, 123.7, 122.2, 117.8, 115.8, 115.5, 69.1, 49.5, 46.6, 

33.8, 31.4; HRMS (ESI-TOF) calcd. for C35H32NaO2 [M + Na]
+
 507.2295; found: 507.2273. 

1-((2R,3S,4R)-8-bromo-3,4-diphenylchroman-2-yl)naphthalen-2-ol (3s): 

White solid; 50.0 mg, 99% yield; >95:5 dr, 96% ee; [α]D
20

 = -143.6 (c 1.28, 

CH2Cl2); mp 113.2-115.0 ºC; The ee was determined by HPLC (Chiralpak AD-H, 

EtOH/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm, tminor = 7.4 min, tmajor = 

4.2 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.94 (s, 1H), 8.20 (d, J = 8.7 Hz, 1H), 7.67 (d, J = 8.0 

Hz, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.27-7.19 (m, 2H), 7.19-7.12 (m, 3H), 

7.07-7.00 (m, 1H), 7.00-6.93 (m, 2H), 6.92-6.80 (m, 4H), 6.73-6.57 (m, 5H), 4.75 (dd, J = 11.7, 

5.0 Hz, 1H), 4.43 (d, J = 5.0 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.9, 153.6, 141.6, 139.0, 

132.9, 130.6, 130.3, 130.0, 128.7, 128.6, 128.5, 128.1, 128.0, 127.3, 126.9, 126.3, 126.1, 125.3, 

123.7, 122.2, 121.0, 120.3, 117.9, 116.4, 115.3, 69.3, 49.2, 46.5; HRMS (ESI-TOF) calcd. for 

C31H23BrNaO2 [M + Na]
+
 529.0774; found: 529.0771. 

1-((1R,2S,3R)-1,2-diphenyl-2,3-dihydro-1H-benzo[f]chromen-3-yl)naphtha

len-2-ol (3t): White solid; 41.5 mg, 87% yield; 75:25 dr, 82% ee (major 

diastereoisomer); [α]D
20

 = +2.5 (c 1.70, CH2Cl2); mp 181.5-183.5 ºC; The ee 

was determined by HPLC (Chiralpak IA, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 254 nm, major diastereoisomer, tminor = 8.9 min, tmajor = 16.2 min); 
1
H NMR (300 

MHz, DMSO-d6) (major diastereoisomer) δ 9.81 (s, 1H), 8.49 (br s, 1H), 7.83 (t, J = 7.3 Hz, 2H), 

7.69 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.48 (d, J = 8.3 Hz, 2H), 7.32-7.16 (m, 4H), 

7.16-7.01 (m, 4H), 6.97 (s, 4H), 6.85 (s, 1H), 6.75 (s, 2H), 6.27 (d, J = 10.9 Hz, 1H), 5.05 (d, J = 

9.7 Hz, 1H), 4.07 (br s, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 155.2, 153.1, 145.6, 139.5, 132.7, 

132.4, 129.8, 129.6, 128.5, 128.4, 128.3, 128.1, 127.5, 127.4, 126.4, 126.0, 125.8, 125.6, 124.5, 

124.3, 123.0, 122.2, 119.0, 118.1, 117.6, 114.9, 75.5, 55.6, 49.0; HRMS (ESI-TOF) calcd. for 

C35H26NaO2 [M + Na]
+
 501.1825; found: 501.1802. 

1-((2R,3S,4R)-4-ethynyl-3-phenylchroman-2-yl)naphthalen-2-ol (3u): White 

solid; 24.8 mg, 66% yield; >95:5 dr, 96% ee; [α]D
20

 = +3.6 (c 0.62, CH2Cl2); mp 

111.7-113.5 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 20.4 min, tmajor 

= 10.5 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.13 (s, 1H), 8.16 (d, J = 8.7 Hz, 1H), 7.69 (d, J = 

8.1 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.43-7.29 (m, 4H), 7.22 (t, J = 7.5 Hz, 2H), 7.10-7.00 (m, 

4H), 6.96 (t, J = 7.4 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H), 6.73 (d, J = 11.2 Hz, 1H), 4.47 (dd, J = 11.0, 

4.6 Hz, 1H), 4.13 (s, 1H), 3.31 (d, J = 2.4 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 153.9, 153.8, 

139.0, 132.9, 130.2, 129.8, 128.6, 128.4, 127.3, 126.6, 126.2, 123.5, 123.2, 122.3, 120.3, 118.0, 

116.7, 114.9, 84.1, 77.3, 71.2, 44.5, 36.5; HRMS (ESI-TOF) calcd. for C27H20NaO2 [M + Na]
+
 

399.1356; found: 399.1366. 

1-((2R,3S,4S)-4-methyl-3-phenylchroman-2-yl)naphthalen-2-ol (3v): White 

solid; 23.1 mg, 63% yield; >95:5 dr, 91% ee; [α]D
20

 = +11.5 (c 1.15, CH2Cl2); mp 

145.8-147.5 ºC; The ee was determined by HPLC (Chiralpak IA, EtOH/hexane = 
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10/90, flow rate 1.0 mL/min, λ = 254 nm, tminor = 11.2 min, tmajor = 6.9 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 10.17 (s, 1H), 8.25 (d, J = 8.7 Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.61 (d, J = 8.8 Hz, 

1H), 7.36 (t, J = 7.7 Hz, 1H), 7.30-7.18 (m, 4H), 7.17-6.97 (m, 5H), 6.92 (t, J = 7.3 Hz, 1H), 6.79 

(d, J = 8.1 Hz, 1H), 6.53 (d, J = 11.3 Hz, 1H), 4.53 (dd, J = 11.4, 4.9 Hz, 1H), 3.15 (t, J = 6.1 Hz, 

1H), 1.13 (d, J = 7.1 Hz, 3H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.1, 153.6, 140.0, 132.9, 130.0, 

129.7, 128.6, 128.5, 128.4, 127.5, 127.4, 126.1, 126.0, 124.0, 122.3, 120.0, 118.0, 116.3, 115.7, 

69.1, 45.7, 36.9, 19.0; HRMS (ESI-TOF) calcd. for C26H22NaO2 [M + Na]
+
 389.1512; found: 

389.1514. 

1-((2R,3S,4R)-4-(4-methoxyphenyl)-3-phenylchroman-2-yl)naphthalen-2-ol 

(3w): White solid; 45.3 mg, 99% yield; 88:12 dr, 96% ee (major 

diastereoisomer); [α]D
20

 = -107.8 (c 0.81, CH2Cl2); mp 116.3-118.2 ºC; The ee 

was determined by HPLC (Chiralpak IA, EtOH/hexane = 10/90, flow rate 0.6 

mL/min, λ = 254 nm, major diastereoisomer, tminor = 20.9 min, tmajor = 12.4 min); 
1
H NMR (300 MHz, DMSO-d6) (major diastereoisomer) δ 9.95 (s, 1H), 8.23 (d, 

J = 8.7 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 7.21 (t, 

J = 6.5 Hz, 2H), 7.08-6.94 (m, 3H), 6.93-6.79 (m, 4H), 6.73 (d, J = 6.9 Hz, 4H), 6.65 (d, J = 11.7 

Hz, 1H), 6.56 (d, J = 8.4 Hz, 2H), 4.72 (dd, J = 12.0, 4.9 Hz, 1H), 4.38 (d, J = 4.8 Hz, 1H), 3.69 (s, 

3H); 
13

C NMR (75 MHz, DMSO-d6) δ 157.7, 154.8, 153.5, 139.2, 133.6, 133.0, 131.3, 130.6, 

130.0, 128.6, 128.5, 128.0, 126.9, 126.1, 125.7, 123.7, 122.2, 120.2, 117.9, 116.3, 115.5, 112.8, 

69.4, 54.9, 48.4, 46.7; HRMS (ESI-TOF) calcd. for C32H26NaO3 [M + Na]
+
 481.1774; found: 

481.1771. 

1-((2R,3S,4R)-4-(4-fluorophenyl)-3-phenylchroman-2-yl)naphthalen-2-ol 

(3x): White solid; 44.2 mg, 99% yield; >95:5 dr, 98% ee; [α]D
20

 = -128.8 (c 1.35, 

CH2Cl2); mp 159.3-161.8 ºC; The ee was determined by HPLC (Chiralpak AS-H, 

EtOH/hexane = 10/90, flow rate 0.8 mL/min, λ = 254 nm, tminor = 12.4 min, tmajor 

= 8.3 min); 
1
H NMR (300 MHz, DMSO-d6) δ 10.00 (s, 1H), 8.22 (d, J = 8.7 Hz, 

1H), 7.67 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 

7.22 (q, J = 7.8, 7.3 Hz, 2H), 7.09-6.82 (m, 9H), 6.72 (d, J = 7.3 Hz, 2H), 6.69-6.51 (m, 3H), 4.75 

(dd, J = 11.9, 5.0 Hz, 1H), 4.47 (d, J = 5.0 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 160.9 (d, J 

= 241.0 Hz, 1C), 154.8, 153.6, 138.9, 137.9 (d, J = 3.0 Hz, 1C), 133.0, 131.9 (d, J = 7.9 Hz, 1C), 

130.6, 130.0, 128.6, 128.5, 128.2, 127.0, 126.2, 126.1, 125.0, 123.7, 122.3, 120.4, 117.9, 116.5, 

115.2, 114.1 (d, J = 21.0 Hz, 1C), 69.2, 48.3, 46.5; HRMS (ESI-TOF) calcd. for C31H23FNaO2 [M 

+ Na]
+
 469.1574; found: 469.1567. 

 

3. Procedure for the synthesis of chromane 5 

In an ordinary vial equipped with a magnetic stirring bar, the ortho-hydroxyphenylsubstituted 

para-quinone methides 4 (0.15 mmol, 1.5 equiv) were added to a solution of 

1-styrylnaphthalen-2-ols 1 (0.10 mmol, 1.0 equiv), CPA D (5 mol %) and 3 Å MS (20 mg) in 

toluene (0.5 mL) at 0 
o
C. And then, the mixture was stirred at the same temperature for specified 

time. After completion of the reaction, as indicated by TLC, the chromanes 5 were isolated by 

flash chromatography on silica gel (petroleum ether/ethyl acetate = 20/1~15/1). 

1-((2R,3S,4R)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-phenylchroman-2-yl)

naphthalen-2-ol (5a): Yellow solid; 45.3 mg, 82% yield; >95:5 dr, 80% ee; 

[α]D
20

 = -84.5 (c 1.14, CH2Cl2); mp 107.1-109.3 ºC; The ee was determined by 
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HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.8 mL/min, λ = 254 nm, tminor = 9.6 min, 

tmajor = 11.4 min); 
1
H NMR (300 MHz, DMSO-d6) δ 9.89 (s, 1H), 8.18 (d, J = 8.6 Hz, 1H), 7.66 (d, 

J = 8.1 Hz, 1H), 7.55 (d, J = 8.9 Hz, 1H), 7.34 (t, J = 7.4 Hz, 1H), 7.19 (t, J = 7.4 Hz, 2H), 7.07 (d, 

J = 7.2 Hz, 1H), 6.98 (d, J = 8.9 Hz, 1H), 6.95-6.77 (m, 5H), 6.73 (s, 1H), 6.69-6.50 (m, 3H), 6.38 

(s, 2H), 4.66 (d, J = 11.4 Hz, 1H), 4.28 (d, J = 4.7 Hz, 1H), 1.22 (s, 18H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 155.1, 153.9, 152.1, 139.7, 137.5, 133.2, 132.0, 130.6, 129.9, 128.6, 128.4, 127.8, 

126.8, 126.6, 126.0, 125.6, 123.6, 122.2, 120.0, 118.0, 116.0, 115.4, 69.1, 49.4, 46.9, 34.2, 30.2; 

HRMS (ESI-TOF) calcd. for C39H40NaO3 [M + Na]
+
 579.2870; found: 579.2879. 

1-((2R,3S,4R)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-(p-tolyl)chroman-2-yl)na

phthalen-2-ol (5b): Yellow solid; 45.0 mg, 79% yield; >95:5 dr, 82% ee; [α]D
20

 

= -117.7 (c 0.66, CH2Cl2); mp 120.6-122.4 ºC; The ee was determined by 

HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.8 mL/min, λ = 254 nm, 

tminor = 9.3 min, tmajor = 11.3 min); 1
H NMR (300 MHz, DMSO-d6) δ 9.89 (s, 1H), 

8.18 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 8.9 Hz, 1H), 7.34 (t, J = 7.7 Hz, 

1H), 7.25-7.13 (m, 2H), 7.06 (d, J = 7.5 Hz, 1H), 6.99 (d, J = 8.9 Hz, 1H), 6.95-6.82 (m, 2H), 6.70 (s, 

1H), 6.67-6.54 (m, 3H), 6.54-6.41 (m, 2H), 6.35 (s, 2H), 4.62 (d, J = 6.9 Hz, 1H), 4.24 (d, J = 4.8 Hz, 

1H), 2.04 (s, 3H), 1.22 (s, 18H); 
13

C NMR (75 MHz, DMSO-d6) δ 155.2, 153.8, 152.1, 137.4, 136.7, 

134.5, 133.2, 132.2, 130.7, 129.8, 128.6, 128.4, 127.8, 127.5, 126.7, 126.0, 125.6, 122.2, 120.0, 118.0, 

116.0, 115.5, 69.1, 49.5, 46.6, 34.2, 30.1, 20.5; HRMS (ESI-TOF) calcd. for C40H42NaO3 [M + Na]
+
 

593.3026; found: 593.3021. 

1-((2R,3S,4R)-3-(4-bromophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)chroman

-2-yl)naphthalen-2-ol (5c): Yellow solid; 47.7 mg, 75% yield; >95:5 dr, 80% ee; 

[α]D
20

 = -141.9 (c 0.80, CH2Cl2); mp 124.0-125.8 ºC; The ee was determined by 

HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.8 mL/min, λ = 254 nm, 

tminor = 9.7 min, tmajor = 14.5 min); 1
H NMR (300 MHz, DMSO-d6) δ 9.98 (s, 1H), 

8.19 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.35 (t, J = 7.7 Hz, 

1H), 7.27-7.14 (m, 2H), 7.07 (d, J = 6.8 Hz, 1H), 7.04-6.84 (m, 5H), 6.77 (s, 1H), 6.67-6.47 (m, 3H), 

6.38 (s, 2H), 4.67 (d, J = 6.1 Hz, 1H), 4.29 (d, J = 4.9 Hz, 1H), 1.24 (s, 18H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 155.1, 153.8, 152.3, 139.3, 137.8, 133.1, 132.0, 130.8, 130.7, 130.1, 129.6, 128.7, 128.5, 

127.8, 126.6, 126.1, 125.2, 122.3, 120.2, 119.2, 117.9, 116.1, 115.1, 68.8, 49.1, 46.6, 34.3, 30.2; 

HRMS (ESI-TOF) calcd. for C39H39BrNaO3 [M + Na]
+
 657.1975; found: 657.1984. 

1-((2R,3S,4R)-3-(3-chlorophenyl)-4-(3,5-di-tert-butyl-4-hydroxyphenyl)chroma

n-2-yl)naphthalen-2-ol (5d): Yellow solid; 39.5 mg, 67% yield; >95:5 dr, 86% 

ee; [α]D
20

 = -143.3 (c 0.57, CH2Cl2); mp 119.4-121.1 ºC; The ee was determined 

by HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.6 mL/min, λ = 254 

nm, tminor = 12.5 min, tmajor = 14.3 min); 1H NMR (300 MHz, DMSO-d6) δ 10.04 (s, 

1H), 8.18 (s, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.9 Hz, 1H), 7.35 (t, J = 7.7 

Hz, 1H), 7.26-7.15 (m, 2H), 7.10-6.98 (m, 2H), 6.96-6.81 (m, 4H), 6.74 (s, 1H), 

6.60 (d, J = 15.0 Hz, 3H), 6.43 (s, 2H), 4.83-4.58 (m, 1H), 4.33 (d, J = 4.9 Hz, 1H), 1.25 (s, 18H); 
13

C 

NMR (75 MHz, DMSO-d6) δ 155.0, 153.9, 152.3, 142.2, 137.8, 133.0, 132.0, 131.7, 130.8, 130.1, 

128.7, 128.5, 128.4, 127.8, 127.2, 126.4, 126.1, 125.6, 125.3, 122.3, 120.2, 117.8, 116.1, 114.9, 68.8, 

49.0, 46.7, 34.3, 30.2; HRMS (ESI-TOF) calcd. for C39H39ClNaO3 [M + Na]
+
 613.2480; found: 

613.2476. 
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1-((2R,3S,4R)-6-bromo-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-phenylchrom

an-2-yl)naphthalen-2-ol (5e): Yellow solid; 45.9 mg, 72% yield; >95:5 dr, 90% 

ee; [α]D
20

 = -86.2 (c 0.61, CH2Cl2); mp 127.7-129.4 ºC; The ee was 

determined by HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.8 

mL/min, λ = 254 nm, tminor = 11.4 min, tmajor = 13.1 min); 1H NMR (300 MHz, 

DMSO-d6) δ 9.94 (s, 1H), 8.12 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 8.8 

Hz, 1H), 7.39-7.30 (m, 2H), 7.27 (d, J = 2.5 Hz, 1H), 7.19 (t, J = 7.4 Hz, 1H), 6.98 (d, J = 8.9 Hz, 1H), 

6.90 (t, J = 8.1 Hz, 2H), 6.86-6.75 (m, 3H), 6.69-6.44 (m, 3H), 6.37 (s, 2H), 4.63 (d, J = 9.6 Hz, 1H), 

4.31 (d, J = 4.6 Hz, 1H), 1.23 (s, 18H); 
13

C NMR (75 MHz, DMSO-d6) δ 154.4, 154.0, 152.4, 139.2, 

137.7, 133.1, 132.6, 131.4, 130.6, 130.1, 128.7, 128.6, 128.4, 128.3, 126.9, 126.6, 126.1, 125.8, 122.2, 

118.4, 117.9, 114.9, 111.3, 69.5, 49.0, 46.3, 34.3, 30.2; HRMS (ESI-TOF) calcd. for C39H39BrNaO3 

[M + Na]
+
 657.1975; found: 657.1964. 

1-((2R,3S,4R)-7-bromo-4-(3,5-di-tert-butyl-4-hydroxyphenyl)-3-phenylchro

man-2-yl)naphthalen-2-ol (5f): Yellow solid; 52.5 mg, 83% yield; >95:5 dr, 

71% ee; [α]D
20

 = -103.0 (c 0.8, CH2Cl2); mp 132.3-134.1 ºC; The ee was 

determined by HPLC (Chiralpak IA, i-PrOH/hexane = 5/95, flow rate 0.6 

mL/min, λ = 254 nm, tminor = 11.6 min, tmajor = 13.5 min); 1H NMR (300 MHz, 

DMSO-d6) δ 9.97 (s, 1H), 8.14 (s, 1H), 7.66 (d, J = 7.9 Hz, 1H), 7.56 (d, J = 9.0 

Hz, 1H), 7.36 (t, J = 7.2 Hz, 1H), 7.25-7.17 (m, 1H), 7.16 (s, 1H), 7.05 (s, 2H), 6.99 (d, J = 8.9 Hz, 1H), 

6.93-6.73 (m, 4H), 6.70-6.51 (m, 3H), 6.37 (s, 2H), 4.65 (d, J = 9.3 Hz, 1H), 4.27 (d, J = 4.7 Hz, 1H), 

1.23 (s, 18H); 
13

C NMR (75 MHz, DMSO-d6) δ 156.1, 154.0, 152.3, 139.3, 137.7, 133.1, 132.4, 131.5, 

130.1, 128.7, 128.6, 128.4, 126.9, 126.6, 126.2, 125.8, 125.3, 123.0, 122.2, 119.7, 118.6, 118.0, 114.8, 

69.7, 48.9, 46.5, 34.3, 30.2; HRMS (ESI-TOF) calcd. for C39H39BrNaO3 [M + Na]
+
 657.1975; 

found: 657.1958. 

 

4. Procedure for the gram-scale experiment 

In an ordinary vial equipped with a magnetic stirring bar, the ortho-hydroxy benzylic alcohols 2a 

(3.0 mmol, 0.6 g, 1.2 equiv) were added to a solution of 1-vinylnaphthalen-2-ols 1a (2.5 mmol, 

0.615 g, 1.0 equiv), CPA D (5 mol %) and 3 Å MS (0.5 g) in toluene (12.5 mL) at 0 
o
C. And then, 

the mixture was stirred at the same temperature for 18 h. After completion of the reaction, as 

indicated by TLC, the toluene were removed in vacuo and the residue was purified by column 

chromatography eluting with petroleum ether/ethyl acetate (15/1～10/1) as eluent affording 

chromane 3a (1.05 g, 98% yield, >95:5 dr, 97% ee), as a white spumous solid. 

 

5. Procedure for the synthesis of chromanes 6 and 7 

To a mixture of chromane 3a (128.5 mg, 0.3 mmol) and DMAP (109.9 mg, 0.9 mmol, 3.0 equiv) 

was added CH2Cl2 (3 mL) under the atmosphere of Ar2, stirring at room temperature for 10 

minutes. After that, a solution of N-phenylbis(trifluoromethanesulfonimide) (214.3 mg, 0.6 mmol, 

2.0 equiv) in CH2Cl2 (2 mL) was added and the mixture was stirred at room temperature for 5 h. 

After completion of the reaction, as indicated by TLC, H2O was added (5 mL) and the mixture 

was extracted with EtOAc (3 × 10 mL). The combined organic layers were washed with brine (10 

mL) and dried under anhydrous Na2SO4. The organic solvents were removed in vacuo and the 

residue was purified by column chromatography eluting with petroleum ether /EtOAc (petroleum 

ether/ethyl acetate = 15/1) as eluent affording product 6 (148.5 mg, 88% yield, >95:5 dr, 95% ee), 
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as a white spumous solid. Under protection of Ar2, compound 6 (112 mg, 0.2 mmol) was placed 

with 10% Pd/C (34 mg, 30 wt %) and Et2NH (30.0 μL, 0.28 mmol, 1.4 equiv) in a 25 mL round 

bottomed flask, followed by MeOH (4 mL). Then, the reaction vessel was repeatedly purged with 

H2 using a balloon and a needle as a vent. Finally, the reaction was stirred at room temperature for 

20 h under H2 (1 atm, balloon). When the reaction was completed, as indicated by TLC, the 

suspension was passed through a pad of Celite and the organic solvents were removed under 

vacuum. The residue was purified by column chromatography eluting with petroleum ether 

/EtOAc (petroleum ether/ethyl acetate = 50/1) as eluent affording product 7 (70.5 mg, 86% 

yield, >95:5 dr, 96% ee), as a white spumous solid. 

1-((2R,3S,4R)-3,4-diphenylchroman-2-yl)naphthalen-2-yl 

trifluoromethanesulfonate (6): White solid; 148.5 mg, 88% yield; >95:5 dr, 95% 

ee; [α]D
20

 = -270.3 (c 2.24, CH2Cl2); mp 92.3-94.5 ºC; The ee was determined by 

HPLC (Chiralpak IA, EtOH/hexane = 5/95, flow rate 0.8 mL/min, λ = 254 nm, 

tminor = 5.8 min, tmajor = 4.9 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.57 (s, 1H), 8.09-7.80 (m, 

2H), 7.72-7.48 (m, 2H), 7.37-7.14 (m, 5H), 7.09 (s, 2H), 7.02-6.92 (m, 1H), 6.92-6.64 (m, 5H), 

6.39 (d, J = 6.6 Hz, 3H), 4.85-4.61 (m, 1H), 4.55 (d, J = 4.1 Hz, 1H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 153.7, 145.0, 141.2, 137.2, 132.6, 131.9, 131.4, 130.8, 130.4, 129.1, 128.4, 127.6, 

127.2, 126.9, 126.8, 126.7, 125.9, 125.0, 124.4, 121.1, 120.2, 118.8, 116.6, 115.9, 111.7, 70.6, 

48.1, 47.1; HRMS (ESI-TOF) calcd. for C32H23F3NaO4S [M + Na]
+
 583.1161; found: 583.1173. 

(2R,3S,4R)-2-(naphthalen-1-yl)-3,4-diphenylchroman (7): White solid; 70.5 

mg, 86% yield; >95:5 dr, 96% ee; [α]D
20

 = -151.1 (c 3.14, CH2Cl2); mp 

99.6-101.3 ºC; The ee was determined by HPLC (Chiralpak IB, DCM/hexane = 

5/95, flow rate 0.6 mL/min, λ = 254 nm, tminor = 12.7 min, tmajor = 11.3 min); 
1
H 

NMR (300 MHz, DMSO-d6) δ 8.28 (d, J = 8.5 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 8.2 

Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.23 (t, J = 7.7 

Hz, 1H), 7.19-7.10 (m, 3H), 7.04 (d, J = 7.5 Hz, 1H), 6.97 (d, J = 8.1 Hz, 1H), 6.95-6.81 (m, 4H), 

6.80-6.70 (m, 2H), 6.61 (d, J = 6.8 Hz, 2H), 6.40 (d, J = 10.6 Hz, 1H), 4.49 (d, J = 5.2 Hz, 1H), 

4.42 (dd, J = 10.7, 5.2 Hz, 1H); 13
C NMR (75 MHz, DMSO-d6) δ 154.3, 141.6, 139.0, 134.2, 

133.4, 131.4, 130.4, 130.2, 128.8, 128.7, 128.6, 128.2, 127.6, 127.4, 126.6, 126.5, 126.4, 126.2, 

125.6, 125.1, 124.8, 123.0, 120.5, 116.2, 72.5, 48.0, 46.4; HRMS (ESI-TOF) calcd. for 

C31H24NaO [M + Na]
+
 435.1719; found: 435.1726. 

 

6. X-ray crystal data for compound 3r and 5d 

 

 

Identification code 3r 

Empirical formula C35H32O2 

Formula weight 484.63 
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Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.43565(16) 

b/Å 16.9768(3) 

c/Å 19.2055(3) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 3076.49(10) 

Z 4 

ρcalcg/cm
3
 1.215 

μ/mm
-1

 1.200 

F(000) 1200.0 

Crystal size/mm
3
 0.19 × 0.1 × 0.09 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 6.95 to 141.79 

Index ranges -11 ≤ h ≤ 6, -17 ≤ k ≤ 20, -23 ≤ l ≤ 23 

Reflections collected 11706 

Independent reflections 5806 [Rint = 0.0320, Rsigma = 0.0437] 

Data/restraints/parameters 5806/0/376 

Goodness-of-fit on F
2
 1.033 

Final R indexes [I>=2σ (I)] R1 = 0.0490, wR2 = 0.1286 

Final R indexes [all data] R1 = 0.0567, wR2 = 0.1375 

Largest diff. peak/hole / e Å
-3

 0.34/-0.22 

Flack parameter 0.006(15) 

 

 

 

Identification code 5d 

Empirical formula C41H42ClNO3 

Formula weight 632.20 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21 

a/Å 11.8441(7) 
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b/Å 10.6009(8) 

c/Å 15.1947(9) 

α/° 90 

β/° 103.393(6) 

γ/° 90 

Volume/Å
3
 1855.9(2) 

Z 2 

ρcalcg/cm
3
 1.131 

μ/mm
-1

 1.190 

F(000) 672.0 

Crystal size/mm
3
 0.15 × 0.11 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.672 to 134.148 

Index ranges -14 ≤ h ≤ 14, -11 ≤ k ≤ 12, -18 ≤ l ≤ 18 

Reflections collected 16351 

Independent reflections 6064 [Rint = 0.0327, Rsigma = 0.0380] 

Data/restraints/parameters 6064/1/426 

Goodness-of-fit on F
2
 1.033 

Final R indexes [I>=2σ (I)] R1 = 0.0439, wR2 = 0.1096 

Final R indexes [all data] R1 = 0.0544, wR2 = 0.1199 

Largest diff. peak/hole / e Å
-3

 0.11/-0.17 

Flack parameter -0.052(17) 
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7. The copies of 
1
H NMR, 

13
C NMR and HPLC spectra for compounds 3, 5, 6 

and 7 
1
H NMR, 

13
C NMR and HPLC spectra of 3a 
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1
H NMR, 

13
C NMR and HPLC spectra of 3b 
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1
H NMR, 

13
C NMR and HPLC spectra of 3c 

 

 

 

 

 

 

 



S18 
 

 

 

 

 



S19 
 

1
H NMR, 

13
C NMR and HPLC spectra of 3d 
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1
H NMR, 

13
C NMR and HPLC spectra of 3e 
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1
H NMR, 

13
C NMR and HPLC spectra of 3f 
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1
H NMR, 

13
C NMR and HPLC spectra of 3g 
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1
H NMR, 

13
C NMR and HPLC spectra of 3h 
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1
H NMR, 

13
C NMR and HPLC spectra of 3i 
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1
H NMR, 

13
C NMR and HPLC spectra of 3j 
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1
H NMR, 

13
C NMR and HPLC spectra of 3k 
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1
H NMR, 

13
C NMR and HPLC spectra of 3l 
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1
H NMR, 

13
C NMR and HPLC spectra of 3m 
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1
H NMR, 

13
C NMR and HPLC spectra of 3n 
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1
H NMR, 

13
C NMR and HPLC spectra of 3o 
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1
H NMR, 

13
C NMR and HPLC spectra of 3p 
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1
H NMR, 

13
C NMR and HPLC spectra of 3q 
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1
H NMR, 

13
C NMR and HPLC spectra of 3r 
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1
H NMR, 

13
C NMR and HPLC spectra of 3s 
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1
H NMR, 

13
C NMR and HPLC spectra of 3t 

 

 

 

 

 

 



S52 
 

 

 

 



S53 
 

1
H NMR, 

13
C NMR and HPLC spectra of 3u 
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1
H NMR, 

13
C NMR and HPLC spectra of 3v 
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1
H NMR, 

13
C NMR and HPLC spectra of 3w 
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1
H NMR, 

13
C NMR and HPLC spectra of 3x 

 

 

 

 

 

 



S60 
 

 

 

 

 



S61 
 

1
H NMR, 

13
C NMR and HPLC spectra of 5a 
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1
H NMR, 

13
C NMR and HPLC spectra of 5b 
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1
H NMR, 

13
C NMR and HPLC spectra of 5c 
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1
H NMR, 

13
C NMR and HPLC spectra of 5d 
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1
H NMR, 

13
C NMR and HPLC spectra of 5e 
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1
H NMR, 

13
C NMR and HPLC spectra of 5f 
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1
H NMR, 

13
C NMR and HPLC spectra of 6 
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1
H NMR, 

13
C NMR and HPLC spectra of 7 
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