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1. General Information 

All reagents were purchased and used without further purification unless 

otherwise specified. Flash column chromatography was performed over silica 

gel (300-400 mesh) purchased from Shanghai Titan Scientific Co., Ltd. 

Commercial reagents were purchased from J&K, Energy, Titan, Bide 

Pharmatech or Haohong Scientific and used as received unless otherwise stated. 

1H, 13C, 19F NMR spectra were collected on a Bruker AV 400 MHz and 600 

MHz NMR spectrometer using residue solvent peaks as an internal standard 

(1H NMR: CDCl3 at 7.26 ppm, acetone-d6 at 2.05 ppm, 13C NMR: CDCl3 at 77.0 

ppm, (CD3)2CO at 29.8 ppm). The data are reported as follows: chemical shift 

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

coupling constant J (Hz), and integration. High resolution mass spectra were 

acquired by Agilent 6545 Accurate-Mass Q-TOF LC/MS System. Specific 

Rotation was measured on Rudolph Research Analytical AUTOPOL IV 

Automatic Polarimeter. Enantiomeric excess was determined by chiral HPLC 

analysis on Shimadzu LC 40 and Agilent 1260 Infinity II LC System. 
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2. Substrate Preparation 

Alkynals 1a-1b[1], 1c[2], 1d[1], 1f-1g[1], 1h[3],1j[2],1l[3], 1m-1o[1], 1q[1], 1t[1], 1w-1z[1], 

1aa[2], 3a[4], 3b[5]and 3c[6] are known compounds. They were prepared according 

to the literatures. 

 

General Procedure A: 

 

To a 100 mL flask equipped with a stir bar was added 2-(prop-2-yn-1-

yloxy)benzaldehyde[7] (5.0 mmol, 1.0 equiv), aryl iodide (5.5 mmol, 1.1 equiv), 

Pd(PPh3)2Cl2 (0.1 mmol, 0.02 equiv) and CuI (0.2 mmol, 0.04 equiv) under N2 

atmosphere. Then, triethylamine (7.5 mmol, 1.5 equiv) and THF (10 ml) were 

added to the reaction. The resulting mixture was stirred at room temperature 

for 12 hours. The reaction solution was quenched by saturated NH4Cl (aq), 

extracted with EtOAc. The organic layer was washed with brine for three times. 

The resulting organic layer was dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. The residue was purified by silica gel 

flash column chromatography to give the desired product. 

 

General Procedure B: 

 

To a 100 mL flask equipped with a stir bar was charged with propargylic 

bromide (6.0 mmol, 1.2 equiv), salicylaldehyde (5.0 mmol, 1.0 equiv), K2CO3 (10 
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mmol, 2.0 equiv), and MeCN (10 mL). The mixture was initially stirred at 80 oC 

for 4 hours. After the reaction was complete, the reaction mixture was cooled 

to room temperature, filtered, and concentrated under reduced pressure. The 

residue was purified by silica gel flash column chromatography to give the 

desired product 

 

2-((3-(4-(Hydroxymethyl)phenyl)prop-2-yn-1-yl)oxy)benzaldehyde (1e) 

 

General Procedure A, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(711,9 mg, 53% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 10.52 (s, 1H), 7.87 (dd, J = 7.7, 1.8 Hz, 1H), 

7.60 – 7.56 (m, 1H), 7.42 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 

8.4 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 5.05 (s, 2H), 4.69 (s, 2H), 1.85 (s, 1H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.7, 160.1, 141.8, 135.7, 132.0, 128.5, 126.7, 

125.5, 121.5, 121.0, 113.4, 87.9, 82.9, 64.8, 57.3. 

HRMS (ESI-TOF): [M+H] calcd for C17H15O3
 267.1016, found 267.1014. 

 

4-(3-(2-Formylphenoxy)prop-1-yn-1-yl)benzonitrile (1i) 

 

General Procedure A, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(1.008 g, 77% yield). 
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1H NMR (600 MHz, CDCl3) δ (ppm) 10.51 (s, 1H), 7.88 (dd, J = 7.7, 1.8 Hz, 1H), 

7.62 – 7.57 (m, 3H), 7.52 – 7.48 (m, 2H), 7.16 (d, J = 8.4 Hz, 1H), 7.11 (t, J = 7.5 Hz, 

1H), 5.07 (s, 2H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.5, 159.7, 135.7, 132.3, 132.0, 128.7, 126.7, 

125.6, 121.8, 118.2, 113.2, 112.3, 87.3, 86.2, 57.0. 

HRMS (ESI-TOF): [M+Na] calcd for C17H11NNaO2
 284.0682, found 284.0684. 

 

2-((3-(4-Acetylphenyl)prop-2-yn-1-yl)oxy)benzaldehyde (1k) 

 

General Procedure A, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(1.045 g, 75% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 10.53 (s, 1H), 7.91 – 7.87 (m, 3H), 7.61 – 7.57 

(m, 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 

5.08 (s, 2H), 2.59 (s, 3H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 197.2, 189.6, 159.9, 136.8, 135.8, 131.9, 128.7, 

128.2, 126.6, 125.5, 121.7, 113.3, 87.1, 86.1, 57.1, 26.6. 

HRMS (ESI-TOF): [M+H] calcd for C18H15O3
 279.1016, found 279.1018. 

 

2-((3-(Benzo[d][1,3]dioxol-5-yl)prop-2-yn-1-yl)oxy)benzaldehyde (1p) 
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General Procedure A, Rf = 0.5 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(860 mg, 61% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 10.52 (s, 1H), 7.87 (dd, J = 7.7, 1.8 Hz, 1H), 

7.60 – 7.56 (m, 1H), 7.21 – 7.17 (m, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.96 (dd, J = 8.0, 

1.6 Hz, 1H), 6.86 (d, J = 1.5 Hz, 1H), 6.74 (d, J = 8.1 Hz, 1H), 5.97 (s, 2H), 5.02 (s, 

2H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.7, 160.1, 148.4, 147.4, 135.7, 128.5, 126.7, 

125.6, 121.5, 115.0, 113.4, 111.7, 108.5, 101.4, 88.0, 81.3, 57.3. 

HRMS (ESI-TOF): [M+Na] calcd for C17H12NaO4
 303.0628, found 303.0631. 

 

2-((3-(Thiophen-3-yl)prop-2-yn-1-yl)oxy)benzaldehyde (1r) 

 

General Procedure A, Rf = 0.6 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(856.2 mg, 71% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 10.49 (s, 1H), 7.78 (dd, J = 7.7, 1.8 Hz, 

1H), 7.71 – 7.69 (m, 1H), 7.69 – 7.66 (m, 1H), 7.53 – 7.49 (m, 1H), 7.39 (d, J = 8.4 

Hz, 1H), 7.16 – 7.11 (m, 2H), 5.20 (s, 2H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 189.3, 161.0, 136.7, 131.0, 130.5, 128.5, 

127.1, 126.5, 122.3, 121.9, 115.0, 84.0, 83.5, 58.0. 

HRMS (ESI-TOF): [M+Na] calcd for C14H10NaO2S 265.0294, found 265.0297. 
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2-((3-(1H-Indol-5-yl)prop-2-yn-1-yl)oxy)benzaldehyde (1s) 

 

General Procedure A, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (311.3 mg, 23% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 10.55 (s, 1H), 8.35 (s, 1H), 7.87 (dd, J = 7.7, 

1.8 Hz, 1H), 7.76 (s, 1H), 7.61 – 7.56 (m, 1H), 7.31 (d, J = 8.4 Hz, 1H), 7.26 – 7.24 

(m, 2H), 7.23 – 7.21 (m, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.54 – 6.49 (m, 1H), 5.07 (s, 

2H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.9, 160.3, 135.8, 135.7, 128.4, 127.6, 125.6, 

125.5, 125.3, 125.0, 121.3, 113.6, 112.9, 111.1, 102.8, 89.8, 80.4, 57.6. 

HRMS (ESI-TOF): [M+Na] calcd for C18H13NNaO2
 298.0838, found 298.0843. 

 

2-((3-Cyclopropylprop-2-yn-1-yl)oxy)benzaldehyde (1u) 

 

General Procedure B, Rf = 0.6 (petroleum ether/ethyl acetate = 10/1), yellow solid 

(717 mg, 72% yield) 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.48 (s, 1H), 7.84 (d, J = 7.7 Hz, 1H), 7.58 – 

7.51 (m, 1H), 7.12 – 7.03 (m, 2H), 4.77 (d, J = 1.8 Hz, 2H), 1.31 – 1.20 (m, 1H), 0.81 

– 0.73 (m, 2H), 0.73 – 0.65 (m, 2H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.8, 160.2, 135.6, 128.3, 125.4, 121.3, 113.4, 

92.4, 69.3, 57.2, 8.3, -0.6. 

HRMS (ESI-TOF): [M+H] calcd for C13H13O2
 201.0910, found 201.0913. 



S8 

2-((3-(Trimethylsilyl)prop-2-yn-1-yl)oxy)benzaldehyde (1v) 

 

General Procedure B, Rf = 0.6 (petroleum ether/ethyl acetate = 20/1), yellow solid 

(1.124 g, 97% yield) 

1H NMR (600 MHz, CDCl3) δ (ppm) 10.48 (s, 1H), 7.85 (dd, J = 7.7, 1.8 Hz, 1H), 

7.58 – 7.52 (m, 1H), 7.11 (d, J = 8.4 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 4.80 (s, 2H), 

0.16 (s, 9H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 189.7, 160.0, 135.6, 128.3, 125.5, 121.5, 113.5, 

99.0, 94.0, 57.4, -0.4. 

HRMS (ESI-TOF): [M+H] calcd for C13H17O2Si 233.0992, found 233.0997. 
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3. Substrate Scope of Alkynals 

 

General Procedure C: In a glove box, an oven-dried 4-mL vial was charged 

with alkynals 1 (0.2 mmol, 1.0 equiv), CoI2 (0.02 mmol, 0.1 equiv), L9 (0.024 

mmol, 0.12 equiv), Zn (0.8 mmol, 4.0 equiv), H2O (1.0 mmol, 5.0 equiv) and 

DMF (2.0 mL). The vial was capped and removed from the glove box. The 

reaction mixture was placed in a pre-heated block and stirred at 40 oC for 12 h. 

Then the reaction mixture was cooled to room temperature, water was added 

and the organic layer was extracted with EtOAc (5 mL×3). The combined 

organic layers were washed with brine, dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by silica gel 

flash column chromatography to give the desired product 2. 

 

General Procedure D: In a glove box, an oven-dried 4-mL vial was charged 

with alkynals 3a-3b (0.2 mmol, 1.0 equiv), CoI2 (0.02 mmol, 0.1 equiv), L1 (0.024 

mmol, 0.12 equiv), Zn (0.6 mmol, 3.0 equiv), H2O (1.0 mmol, 5.0 equiv) and 

DMF (2.0 mL). The vial was capped and removed from the glove box. The 

reaction mixture was placed in a pre-heated block and stirred at 40 oC for 12 h. 

Then the reaction mixture was cooled to room temperature and the organic 

layer was extracted with EtOAc. Then the combined organic layers were 

washed with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by silica gel flash column chromatography 

to give the desired products 4a-4b. 
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(S,E)-3-Benzylidenechroman-4-ol (2a) 

 
General Procedure C, Rf = 0.4 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(45.6 mg, 96% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 7.39 (d, J = 6.2 Hz, 1H), 7.37 – 7.33 (m, 2H), 

7.30 – 7.26 (m, 1H), 7.23 – 7.19 (m, 3H), 6.96 (td, J = 7.5, 1.1 Hz, 1H), 6.90 (s, 1H), 

6.84 (d, J = 8.2 Hz, 1H), 5.16 (s, 1H), 4.92 – 4.86 (m, 2H), 2.33 (s, 1H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 154.4, 135.6, 134.6, 129.7, 129.03, 128.96, 

128.8, 128.4, 127.5, 124.9, 121.1, 116.9, 69.2, 62.7. 

HRMS (ESI-TOF): [M+Na] calcd for C16H14NaO2
 261.0886, found 261.0885. 

Specific Rotation: [α]D26.1 –116.4 (c 0.71, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 9.1 min 

(major), 8.4 min (minor). 
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(S,E)-3-(4-Methylbenzylidene)chroman-4-ol (2b) 

 

General Procedure C, Rf = 0.4 (petroleum ether/ethyl acetate = 5/1), white solid 

(43 mg, 85% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) δ 7.38 (d, J = 7.6 Hz, 1H), 7.22 – 7.18 (m, 

1H), 7.16 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.95 (t, J = 7.4 Hz, 1H), 6.86 

(s, 1H), 6.84 (d, J = 8.2 Hz, 1H), 5.14 (s, 1H), 4.92 (d, J = 12.4 Hz, 1H), 4.88 (d, J = 

12.4 Hz, 1H), 2.35 (s, 3H), 2.30 (s, 1H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 154.4, 137.4, 133.9, 132.7, 129.7, 129.09, 

129.07, 129.01, 128.8, 125.0, 121.0, 116.9, 69.3, 62.8, 21.2. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2
 275.1043, found 275.1042. 

Specific Rotation: [α]D26.9 –139.5 (c 0.87, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 10.4 min 

(major), 9.7 min (minor). 
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(S,E)-3-(4-Methoxybenzylidene)chroman-4-ol (2c) 

 
General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(50.6 mg, 94% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) δ 7.43 (d, J = 7.7 Hz, 1H), 7.24 – 7.21 

(m, 2H), 7.19 – 7.15 (m, 1H), 6.97 – 6.95 (m, 2H), 6.93 (td, J = 7.5, 1.1 Hz, 1H), 6.89 

(s, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.19 (d, J = 5.4 Hz, 1H), 4.95 (d, J = 0.9 Hz, 2H), 

4.76 (d, J = 5.5 Hz, 1H), 3.81 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 160.0, 155.3, 135.2, 131.0, 130.0, 129.7, 

129.4, 127.8, 127.4, 121.3, 117.1, 114.7, 69.2, 63.7, 55.6. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO3
 291.0992, found 291.0991. 

Specific Rotation: [α]D27.1 –135.5 (c 1.14, MeOH) for 93% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 70/30; flow rate = 0.5 mL/min; Retention time: 10.9 min 

(major), 9.7 min (minor). 

 

  

  

 

 

 



S13 

(S,E)-3-(4-(Methylthio)benzylidene)chroman-4-ol (2d) 

 
General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(45.3 mg, 80% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.43 (d, J = 7.7 Hz, 1H), 7.32 – 7.29 (m, 

2H), 7.26 – 7.22 (m, 2H), 7.19 – 7.15 (m, 1H), 6.93 (td, J = 7.5, 1.1 Hz, 1H), 6.91 (s, 

1H), 6.77 (d, J = 8.2 Hz, 1H), 5.22 (s, 1H), 4.97 – 4.91 (m, 2H), 2.51 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.3, 138.9, 136.6, 133.7, 130.3, 129.9, 

129.7, 127.43, 127.38, 126.9, 121.4, 117.0, 69.1, 63.7, 15.3. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2S 307.0763, found 307.0766. 

Specific Rotation: [α]D26.0 –117.1 (c 0.52, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 12.4 min 

(major), 16.3 min (minor). 
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(S,E)-3-(4-(Hydroxymethyl)benzylidene)chroman-4-ol (2e) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 2/1), yellow solid 

(40.6 mg, 76% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.44 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 8.1 

Hz, 2H), 7.25 (d, J = 8.1 Hz, 2H), 7.19 – 7.15 (m, 1H), 6.96 – 6.91 (m, 2H), 6.77 (d, 

J = 8.2 Hz, 1H), 5.23 (s, 1H), 4.95 (d, J = 12.5 Hz, 1H), 4.93 (d, J = 12.5 Hz, 1H), 

4.65 (s, 2H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 142.6, 136.4, 135.7, 129.9, 129.7, 

129.5, 127.9, 127.5, 127.4 ,121.4, 117.0, 69.1, 64.3, 63.7. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO3
 291.0992, found 291.0987. 

Specific Rotation: [α]D27.0 –124.5 (c 0.20, MeOH) for 92% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 11.8 min 

(major), 18.3 min (minor). 
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(S,E)-3-(4-Fluorobenzylidene)chroman-4-ol (2f) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(44.5 mg, 87% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.44 (d, J = 6.5 Hz, 1H), 7.35 – 7.30 (m, 

2H), 7.20 – 7.14 (m, 3H), 6.95 – 6.91 (m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 5.23 (s, 1H), 

4.93 (d, J = 12.5 Hz, 1H), 4.89 (d, J = 12.5 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 162.8 (d, J = 243.7 Hz), 155.2, 137.0, 

133.4 (d, J = 3.2 Hz), 131.7 (d, J = 7.8 Hz), 129.9, 129.7, 127.4, 126.8, 121.5, 117.1, 

116.1 (d, J = 21.6 Hz), 69.0, 63.6. 

19F NMR (376 MHz, Acetone-d6) δ (ppm) -116.2. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13FNaO2
 279.0792, found 279.0789. 

Specific Rotation: [α]D26.2 –118.7 (c 0.57, MeOH) for 93% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 8.0 min 

(major), 8.8 min (minor). 
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(S,E)-3-(4-Chlorobenzylidene)chroman-4-ol (2g) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(50 mg, 92% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.45 – 7.41 (m, 3H), 7.31 – 7.29 (m, 2H), 

7.19 – 7.15 (m, 1H), 6.95 – 6.92 (m, 2H), 6.78 (d, J = 8.2 Hz, 1H), 5.25 (d, J = 5.7 

Hz, 1H), 4.95 – 4.87 (m, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 137.8, 135.9, 133.5, 131.4, 129.8, 

129.7, 129.4, 127.4, 126.5, 121.5, 117.0, 69.0, 63.7. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13ClNaO2
 295.0496, found 295.0498. 

Specific Rotation: [α]D25.7 –116.2 (c 0.55, MeOH) for 91% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 8.1 min 

(major), 9.0 min (minor). 
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(S,E)-3-(4-(Trifluoromethyl)benzylidene)chroman-4-ol (2h) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(49.2 mg, 80% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.75 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.1 

Hz, 2H), 7.46 (d, J = 7.7 Hz, 1H), 7.21 – 7.15 (m, 1H), 7.03 (s, 1H), 6.95 (td, J = 7.5, 

1.1 Hz, 1H), 6.79 (d, J = 8.2 Hz, 1H), 5.31 (s, 1H), 4.96 (d, J = 12.7 Hz, 1H), 4.90 (d, 

J = 12.7 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 141.3, 139.2, 130.4, 129.8, 129.7, 

129.5 (q, J = 31.8 Hz), 127.4, 126.22, 126.19 (q, J = 4.2 Hz), 125.4 (q, J = 269.5 Hz), 

121.6, 117.1, 68.9, 63.8. 

19F NMR (376 MHz, Acetone-d6) δ (ppm) -63.0. 

HRMS (ESI-TOF): [M+Na] calcd for C17H13F3NaO2
 329.0760, found 329.0757. 

Specific Rotation: [α]D26.5 –85.3 (c 0.22, MeOH) for 93% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 6.3 min 

(major), 6.7 min (minor). 

 

  

  



S18 

(S,E)-4-((4-Hydroxychroman-3-ylidene)methyl)benzonitrile (2i) 

 
General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 3/1), yellow solid 

(41.3 mg, 79% yield). 

1H NMR (400 MHz, Acetone-d6) δ (ppm) 7.80 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 8.1 

Hz, 2H), 7.46 (d, J = 7.1 Hz, 1H), 7.21 – 7.15 (m, 1H), 7.01 (s, 1H), 6.95 (td, J = 7.5, 

1.1 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.31 (d, J = 4.6 Hz, 1H), 4.98 (s, 1H), 4.95 (d, 

J = 12.7 Hz, 1H), 4.89 (d, J = 12.7 Hz, 1H). 

13C NMR (100 MHz, Acetone-d6) δ (ppm) 155.1, 142.0, 139.9, 133.1, 130.6, 129.8, 

129.6, 127.4, 126.0, 121.7, 119.3, 117.0, 111.6, 68.9, 63.9. 

HRMS (ESI-TOF): [M+Na] calcd for C17H13NNaO2
 286.0838, found 286.0839. 

Specific Rotation: [α]D27.3 –83.5 (c 0.43, MeOH) for 91% ee. 

Chiral HPLC analysis: Chiralpak ID-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 35.8 min 

(major), 38.4 min (minor). 

 

  

  

 

 



S19 

Ethyl (S,E)-4-((4-hydroxychroman-3-ylidene)methyl)benzoate (2j) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(55.6 mg, 90% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 8.06 – 8.02 (m, 2H), 7.46 (d, J = 6.5 Hz, 

1H), 7.42 (d, J = 8.1 Hz, 2H), 7.21 – 7.15 (m, 1H), 7.02 (s, 1H), 6.95 (td, J = 7.5, 1.1 

Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.29 (s, 1H), 4.97 (d, J = 12.6 Hz, 1H), 4.92 (d, J 

= 12.6 Hz, 1H), 4.36 (q, J = 7.1 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 166.5, 155.2, 141.8, 138.9, 130.3, 130.2, 

129.8, 129.73, 129.69, 127.4, 126.7, 121.6, 117.0, 69.0, 63.9, 61.5, 14.6. 

HRMS (ESI-TOF): [M+Na] calcd for C19H18NaO4
 333.1097, found 333.1100. 

Specific Rotation: [α]D26.5 –84.8 (c 0.45, MeOH) for 91% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 70/30; flow rate = 0.5 mL/min; Retention time: 10.8 min 

(major), 9.5 min (minor). 

 

  

  

 

 



S20 

(S,E)-1-(4-((4-Hydroxychroman-3-ylidene)methyl)phenyl)ethan-1-one (2k) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(44.7 mg, 80% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 8.01 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 6.7 

Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.20 – 7.17 (m, 1H), 7.01 (s, 1H), 6.95 (td, J = 7.5, 

1.1 Hz, 1H), 6.79 (d, J = 8.2 Hz, 1H), 5.29 (d, J = 5.7 Hz, 1H), 4.97 (d, J = 12.7 Hz, 

1H), 4.95 (d, J = 5.8 Hz, 1H), 4.92 (d, J = 12.7 Hz, 1H), 2.59 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 197.5, 155.2, 141.8, 138.9, 136.9, 129.9, 

129.74, 129.68, 129.5, 127.4, 126.8, 121.6, 117.0, 69.0, 63.9, 26.7 

HRMS (ESI-TOF): [M+Na] calcd for C18H16NaO3
 303.0992, found 303.0990. 

Specific Rotation: [α]D26.8 –89.5 (c 0.22, MeOH) for 92% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 70/30; flow rate = 0.5 mL/min; Retention time: 15.7 min 

(major), 13.7 min (minor). 

 

  

  

 

 

 



S21 

(S,E)-3-(3-Methylbenzylidene)chroman-4-ol (2l) 

 

General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(40.4 mg, 80% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.44 (d, J = 7.6 Hz, 1H), 7.28 (t, J = 7.6 

Hz, 1H), 7.19 – 7.15 (m, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.10 (s, 1H), 7.07 (d, J = 7.7 

Hz, 1H), 6.95 – 6.91 (m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 5.23 (s, 1H), 4.95 (d, J = 12.4 

Hz, 1H), 4.92 (d, J = 12.4 Hz, 1H), 2.35 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.3, 138.8, 137.0, 136.6, 130.3, 129.9, 

129.7, 129.2, 128.8, 128.1, 127.4, 126.8, 121.4, 117.0, 69.1, 63.7, 21.4. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2
 275.1043, found 275.1042. 

Specific Rotation: [α]D26.0 –97.3 (c 0.65, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 8.4 min 

(major), 7.7 min (minor). 

 

  

  

 

 



S22 

(S,E)-3-(2-Methylbenzylidene)chroman-4-ol (2m) 

 
General Procedure C, Rf = 0.4 (petroleum ether/ethyl acetate = 5/1), white solid 

(42.3 mg, 84% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 7.41 (d, J = 6.7 Hz, 1H), 7.23 – 7.16 (m, 4H), 

7.09 (d, J = 7.2 Hz, 1H), 6.96 (t, J = 7.4 Hz, 1H), 6.90 (s, 1H), 6.83 (d, J = 8.2 Hz, 

1H), 5.19 (s, 1H), 4.78 (d, J = 12.3 Hz, 1H), 4.72 (d, J = 12.3 Hz, 1H), 2.36 (s, 1H), 

2.24 (s, 3H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 154.4, 136.6, 134.6, 134.5, 130.0, 129.7, 129.2, 

128.3, 127.8, 125.7, 124.8, 121.0, 116.9, 68.9, 62.8, 19.9. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2
 275.1043, found 275.1041. 

Specific Rotation: [α]D26.0 –126.4 (c 0.45, MeOH) for 94% ee. 

Chiral HPLC analysis: Chiralpak IG-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 7.3 min 

(major), 6.8 min (minor). 

 

  

  

 

 



S23 

(S,E)-3-(2-Fluorobenzylidene)chroman-4-ol (2n) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(43.7 mg, 85% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.47 (d, J = 7.3 Hz, 1H), 7.40 – 7.35 (m, 

1H), 7.31 (t, J = 7.0 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.20 – 7.15 (m, 2H), 6.95 (t, J 

= 7.4 Hz, 1H), 6.93 (s, 1H), 6.78 (d, J = 8.1 Hz, 1H), 5.32 (d, J = 5.0 Hz, 1H), 4.98 

(d, J = 5.7 Hz, 1H), 4.89 (d, J = 12.5 Hz, 1H), 4.80 (d, J = 12.5 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 161.0 (d, J = 244.3 Hz), 155.2, 

139.1 ,131.82 (d, J = 2.9 Hz), 130.5 (d, J = 8.3 Hz), 129.8, 129.7, 127.2, 125.1 (d, J = 

3.2 Hz), 124.6 (d, J = 14.9 Hz), 121.5, 120.4 (d, J = 2.1 Hz), 117.0, 116.3 (d, J = 22.0 

Hz), 68.8, 64.0. 

19F NMR (565 MHz, Acetone-d6) δ (ppm) -116.3. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13FNaO2
 279.0792, found 279.0792. 

Specific Rotation: [α]D21.5 –91.2 (c 0.61, MeOH) for 95% ee. 

Chiral HPLC analysis: Chiralpak AD-H Column (250 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 1 mL/min; Retention time: 12.0 min 

(major), 10.9 min (minor). 

 

 



S24 

(S,E)-3-(2-Chlorobenzylidene)chroman-4-ol (2o) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), white solid 

(46.9 mg, 86% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.48 (t, J = 7.3 Hz, 2H), 7.41 – 7.31 (m, 

3H), 7.18 (t, J = 7.4 Hz, 1H), 7.01 (s, 1H), 6.95 (t, J = 7.4 Hz, 1H), 6.77 (d, J = 8.1 

Hz, 1H), 5.34 (d, J = 5.2 Hz, 1H), 4.97 (d, J = 5.8 Hz, 1H), 4.87 (d, J = 12.4 Hz, 1H), 

4.76 (d, J = 12.4 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 138.5, 135.3, 134.3, 131.9, 130.4, 

130.1, 129.9, 129.7, 127.9, 127.2, 124.8, 121.5, 117.0, 68.8, 63.8. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13ClNaO2
 295.0496, found 295.0494. 

Specific Rotation: [α]D22.0 –73.9 (c 0.40, MeOH) for 96% ee. 

Chiral HPLC analysis: Chiralpak IA Column (250 mm); detected at 254 nm; n-

hexane/i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 9.8 min 

(major), 8.7 min (minor). 

 

 

 

 



S25 

(S,E)-3-(Benzo[d][1,3]dioxol-5-ylmethylene)chroman-4-ol (2p) 

 
General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(50 mg, 89% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.42 (d, J = 7.7 Hz, 1H), 7.20 – 7.14 (m, 

1H), 6.93 (td, J = 7.5, 1.2 Hz, 1H), 6.88 (d, J = 7.9 Hz, 1H), 6.86 (s, 1H), 6.80 – 6.75 

(m, 3H), 6.02 (s, 2H), 5.19 (s, 1H), 4.96 – 4.91 (m, 2H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.3, 148.8, 147.9, 135.8, 131.0, 129.9, 

129.7, 127.8, 127.4, 123.5, 121.4, 117.1, 109.8, 109.0, 102.2, 69.1, 63.7 

HRMS (ESI-TOF): [M+Na] calcd for C17H14NaO4
 305.0784, found 305.0785. 

Specific Rotation: [α]D27.6 –129.3 (c 0.86, MeOH) for 94% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 13.7 min 

(major), 18.5 min (minor). 

 

  

  

 

 

 



S26 

(S,E)-3-(Naphthalen-2-ylmethylene)chroman-4-ol (2q) 

 

General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(43.1 mg, 75% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.93 – 7.88 (m, 3H), 7.78 (s, 1H), 7.53 – 

7.49 (m, 2H), 7.48 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.20 – 7.16 (m, 1H), 

7.12 (s, 1H), 6.95 (td, J = 7.5, 1.1 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 5.30 (s, 1H), 5.05 

(d, J = 12.6 Hz, 1H), 5.02 (d, J = 12.6 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 137.3, 134.6, 134.3, 133.4, 129.9, 

129.7, 128.9, 128.8, 128.5, 128.4, 127.9, 127.8, 127.4, 127.2, 127.0, 121.4, 117.1, 69.1, 

63.9. 

HRMS (ESI-TOF): [M+Na] calcd for C20H16NaO2
 3111.1043, found 311.1042. 

Specific Rotation: [α]D26.8 –148.5 (c 0.30, MeOH) for 91% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 10.1 min 

(major), 12.8 min (minor). 

 

  

  

 



S27 

(S,E)-3-(Thiophen-3-ylmethylene)chroman-4-ol (2r) 

 
General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 5/1), yellow solid 

(30 mg, 61% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.52 – 7.49 (m, 1H), 7.43 (d, J = 7.6 Hz, 

1H), 7.39 – 7.36 (m, 1H), 7.19 – 7.15 (m, 1H), 7.14 (dd, J = 5.0, 1.2 Hz, 1H), 6.93 

(td, J = 7.5, 1.1 Hz, 1H), 6.86 (s, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.20 (s, 1H), 5.03 (d, 

J = 12.8 Hz, 1H), 4.99 (d, J = 12.8 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 138.0, 136.2, 129.62, 129.61, 129.3, 

127.6, 126.8, 124.8, 121.8, 121.4, 117.0, 68.9, 64.2. 

HRMS (ESI-TOF): [M+Na] calcd for C14H12NaO2S 267.0450, found 267.0450. 

Specific Rotation: [α]D27.9 –118.9 (c 0.33, MeOH) for 89% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 11.1 min 

(major), 13.6 min (minor). 

 

  

  

 

 



S28 

(S,E)-3-((1H-indol-5-yl)methylene)chroman-4-ol (2s) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 3/1), yellow solid 

(48.3 mg, 87% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 10.34 (s, 1H), 7.50 (s, 1H), 7.47 – 7.42 

(m, 2H), 7.37 – 7.34 (m, 1H), 7.18 – 7.14 (m, 1H), 7.08 – 7.04 (m, 2H), 6.92 (td, J = 

7.5, 1.1 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 6.52 – 6.49 (m, 1H), 5.21 (s, 1H), 5.06 (d, 

J = 12.3 Hz, 1H), 5.00 (d, J = 12.3 Hz, 1H), 4.75 (s, 1H). 

13C NMR (100 MHz, Acetone-d6) δ (ppm) 155.4, 136.5, 134.1, 130.2, 130.0, 129.7, 

129.2, 128.1, 127.5, 126.4, 123.5, 121.6, 121.2, 117.1, 112.1, 102.6, 69.5, 63.8. 

HRMS (ESI-TOF): [M+Na] calcd for C18H15NNaO2
 300.0995, found 300.0994. 

Specific Rotation: [α]D26.5 –97.0 (c 0.31, MeOH) for 86% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 85/15; flow rate = 0.5 mL/min; Retention time: 12.8 min 

(major), 16.2 min (minor). 

 

  

  

 

 



S29 

(S,E)-3-Propylidenechroman-4-ol (2t) 

 
General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (28.5 mg, 75% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.35 (d, J = 7.6 Hz, 1H), 7.17 – 7.11 (m, 

1H), 6.88 (t, J = 7.4 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 5.81 (t, J = 7.5 Hz, 1H), 4.96 

(s, 1H), 4.76 (d, J = 12.1 Hz, 1H), 4.72 (d, J = 12.1 Hz, 1H), 4.51 (s, 1H), 2.23 – 2.14 

(m, 2H), 1.00 (t, J = 7.5 Hz, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.5, 133.6, 130.6, 130.3, 129.6, 127.3, 

121.1, 117.0, 69.0, 62.6, 21.1, 14.6. 

HRMS (ESI-TOF): [M+Na] calcd for C12H14NaO2
 213.0886, found 213.0887. 

Specific Rotation: [α]D26.0 –59.1 (c 0.42, MeOH) for 91% ee. 

Chiral HPLC analysis: Chiralcel OD-H Column (250 mm); detected at 220 nm; 

n-hexane/i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 6.3 min 

(major), 6.0 min (minor). 

 

  

    

 

 



S30 

(S,E)-3-(Cyclopropylmethylene)chroman-4-ol (2u) 

 
General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (34.6 mg, 86% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.33 (d, J = 7.6 Hz, 1H), 7.14 (t, J = 7.7 

Hz, 1H), 6.87 (t, J = 7.4 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H), 5.16 (d, J = 10.1 Hz, 1H), 

4.92 (s, 1H), 4.90 (d, J = 12.0 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.46 (s, 1H), 1.76 

– 1.67 (m, 1H), 0.84 – 0.76 (m, 2H), 0.44 – 0.36 (m, 2H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.5, 133.7, 132.1, 130.4, 129.5, 127.3, 

121.0, 117.1, 68.9, 63.1, 10.2, 7.5, 7.4. 

HRMS (ESI-TOF): [M+Na] calcd for C13H14NaO2
 225.0886, found 225.0885. 

Specific Rotation: [α]D26.2 –166.4 (c 0.23, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 220 nm; 

n-hexane/i-propanol = 95/5; flow rate = 0.5 mL/min; Retention time: 17.8 min 

(major), 17.1 min (minor). 

 

   

  

 

 



S31 

(R,E)-3-((Trimethylsilyl)methylene)chroman-4-ol (2v) 

 

General Procedure C, Rf = 0.5 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (42.6 mg, 91% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.40 (d, J = 7.6 Hz, 1H), 7.17 – 7.13 (m, 

1H), 6.90 (td, J = 7.5, 1.1 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 5.99 (d, J = 1.4 Hz, 1H), 

5.10 (s, 1H), 4.82 (d, J = 12.2 Hz, 1H), 4.70 (d, J = 12.2 Hz, 1H), 0.18 (s, 9H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.2, 151.7, 129.5, 129.4, 127.8, 126.1, 

121.3, 116.8, 70.2, 67.3, 0.3. 

HRMS (ESI-TOF): [M+Na] calcd for C13H18NaO2Si 257.0968, found 257.0968. 

Specific Rotation: [α]D26.5 –50.5 (c 0.48, MeOH) for 96% ee. 

Chiral HPLC analysis: Chiralpak AD-H Column (250 mm); detected at 214 nm; 

n-hexane/i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 5.5 min 

(major), 4.9 min (minor). 

 

  

  

 

 

 



S32 

(S,E)-3-Benzylidene-7-methylchroman-4-ol (2w) 

 

General Procedure C, Rf = 0.3 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (45.7 mg, 91% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) δ 7.41 – 7.38 (m, 2H), 7.32 – 7.27 (m, 

3H), 7.24 (d, J = 1.7 Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 6.95 (s, 1H), 6.66 (d, J = 8.3 

Hz, 1H), 5.19 (s, 1H), 4.91 (d, J = 12.4 Hz, 1H), 4.87 (d, J = 12.4 Hz, 1H), 2.26 (s, 

3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 153.1, 137.2, 130.34, 130.29, 130.1, 129.7, 

129.3, 128.1, 127.8, 127.1, 116.8, 69.1, 63.6, 20.6 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2
 275.1043, found 275.1041. 

Specific Rotation: [α]D29.3 –81.5 (c 0.90, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 8.3 min 

(major), 11.3 min (minor). 

 

  

  

 

 



S33 

(S,E)-3-Benzylidene-6-methylchroman-4-ol (2x) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (37.2 mg, 74% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.42 – 7.38 (m, 2H), 7.33 – 7.26 (m, 4H), 

6.94 (s, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.60 (s, 1H), 5.18 (s, 1H), 4.92 (d, J = 12.4 Hz, 

1H), 4.88 (d, J = 12.4 Hz, 1H), 4.73 (s, 1H) 2.25 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 155.1, 139.6, 137.2, 137.1, 129.8, 129.7, 

129.3, 128.1, 127.9, 124.4, 122.3, 117.3, 69.0, 63.5, 21.2. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO2
 275.1043, found 275.1042. 

Specific Rotation: [α]D27.8 –122.9 (c 0.43, MeOH) for 92% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 10.9 min 

(major), 12.0 min (minor). 
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(S,E)-3-Benzylidene-6-fluorochroman-4-ol (2y) 

 
General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (41.3 mg, 81% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.40 (t, J = 7.6 Hz, 2H), 7.33 – 7.27 (m, 

3H), 7.21 (dd, J = 9.0, 3.0 Hz, 1H), 6.99 (s, 1H), 6.95 (td, J = 8.6, 3.1 Hz, 1H), 6.81 

– 6.77 (m, 1H), 5.28 (s, 1H), 5.09 (s, 1H), 4.94 (d, J = 12.6 Hz, 1H), 4.90 (d, J = 12.6 

Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 157.9 (d, J = 235.2 Hz), 151.4, 137.0, 

136.2, 129.7, 129.3, 129.08 (d, J = 6.6 Hz), 128.2, 128.0, 118.3 (d, J = 8.2 Hz), 116.3 

(d, J = 24.0 Hz), 115.1 (d, J = 23.6 Hz), 68.6, 64.2. 

19F NMR (376 MHz, Acetone-d6) δ (ppm) -125.2. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13FNaO2
 279.0792, found 279.0791. 

Specific Rotation: [α]D26.8 –79.1 (c 0.28, MeOH) for 88% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 214 nm; 

n-hexane/i-propanol = 95/5; flow rate = 0.5 mL/min; Retention time: 12.7 min 

(major), 16.8 min (minor). 
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(S,E)-3-Benzylidene-6-chlorochroman-4-ol (2z) 

 
General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (45.3 mg, 83% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.45 (d, J = 2.4 Hz, 1H), 7.40 (t, J = 7.6 

Hz, 2H), 7.31 (t, J = 7.4 Hz, 1H), 7.28 (d, J = 7.5 Hz, 2H), 7.18 (dd, J = 8.7, 2.6 Hz, 

1H), 7.00 (s, 1H), 6.79 (d, J = 8.7 Hz, 1H), 5.28 (s, 1H), 5.08 (s, 1H), 4.97 (d, J = 12.5 

Hz, 1H), 4.92 (d, J = 12.5 Hz, 1H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 154.0, 136.9, 135.7, 129.7, 129.5, 129.4, 

129.3, 129.1, 128.30, 128.26, 125.7, 118.8, 68.5, 64.2. 

HRMS (ESI-TOF): [M+Na] calcd for C16H13ClNaO2
 295.0496, found 295.0492. 

Specific Rotation: [α]D29.5 –86.2 (c 0.40, MeOH) for 85% ee. 

Chiral HPLC analysis: Chiralpak IC-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 0.5 mL/min; Retention time: 7.0 min 

(major), 9.0 min (minor). 
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(S,E)-3-Benzylidene-8-methoxychroman-4-ol (2aa) 

 

General Procedure C, Rf = 0.2 (petroleum ether/ethyl acetate = 10/1), yellow 

solid (41.1 mg, 77% yield). 

1H NMR (600 MHz, Acetone-d6) δ (ppm) 7.40 (t, J = 7.6 Hz, 2H), 7.32 – 7.27 (m, 

3H), 7.06 – 7.02 (m, 1H), 6.95 (s, 1H), 6.89 – 6.84 (m, 2H), 5.22 (s, 1H), 4.97 – 4.90 

(m, 2H), 3.76 (s, 3H). 

13C NMR (150 MHz, Acetone-d6) δ (ppm) 149.3, 145.0, 137.1, 137.0, 129.7, 129.3, 

128.12, 128.10, 127.9, 121.5, 121.1, 112.2, 69.1, 63.7, 56.1. 

HRMS (ESI-TOF): [M+Na] calcd for C17H16NaO3
 291.0992, found 291.0991. 

Specific Rotation: [α]D27.0 –102.2 (c 0.56, MeOH) for 92% ee. 

Chiral HPLC analysis: Chiralpak ID-3 Column (150 mm); detected at 254 nm; 

n-hexane/i-propanol = 80/20; flow rate = 0.5 mL/min; Retention time: 16.7 min 

(major), 13.5 min (minor). 
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(S,E)-2-Benzylidenecyclopentan-1-ol (4a) 

 
General Procedure D, Rf = 0.4 (petroleum ether/ethyl acetate = 5/1), white solid 

(20.9 mg, 60% yield). 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.40 – 7.30 (m, 4H), 7.24 – 7.17 (m, 1H), 6.58 

(s, 1H), 4.65 – 4.53 (m, 1H), 2.82 – 2.49 (m, 2H), 2.04 – 1.88 (m, 2H), 1.78 – 1.63 

(m, 2H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 147.8, 137.7, 131.5, 128.4, 128.3, 126.6, 123.7, 

34.8, 29.3, 22.5. 

HRMS (ESI-TOF): [M+Na] calcd for C12H14NaO 197.0937, found 197.0934 

Specific Rotation: [α]D25.3 +30.7 (c 0.33, MeOH) for 67% ee. 

Chiral HPLC analysis: Chiralcel OD-H Column (250 mm); detected at 254 nm; 

n-hexane/i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 8.4 min 

(major), 7.5 min (minor). 
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(R,E)-4-Benzylidene-1-tosylpyrrolidin-3-ol (4b) 

 

General Procedure D, Rf = 0.5 (petroleum ether/ethyl acetate = 5/1), white solid 

(48.8 mg, 74% yield). 

1H NMR (400 MHz, Acetone-d6) δ (ppm) 7.75 (d, J = 8.2 Hz, 2H), 7.43 – 7.34 (m, 

4H), 7.30 – 7.23 (m, 3H), 6.59 (s, 1H), 4.68 (s, 2H), 4.20 (d, J = 15.1 Hz, 1H), 4.13 

(d, J = 15.1 Hz, 1H), 3.59 – 3.51 (m, 1H), 3.01 – 2.96 (m, 1H), 2.38 (s, 3H). 

13C NMR (100 MHz, Acetone-d6) δ (ppm) 144.6, 140.4, 137.1, 133.9, 130.6, 129.4, 

129.2, 128.6, 128.2, 125.1, 73.3, 54.8, 50.2, 21.4. 

HRMS (ESI-TOF): [M+H] calcd for C18H20NO3S 330.1158, found 330.1160. 

Specific Rotation: [α]D25.3 +17.3 (c 0.63, MeOH) for 70% ee. 

Chiral HPLC analysis: Chiralpak IA Column (250 mm); detected at 254 nm; n-

hexane/i-propanol = 85/15; flow rate = 1.0 mL/min; Retention time: 19.9 min 

(major), 16.8 min (minor). 
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(R,E)-2-Benzylidenecyclohexan-1-ol (4c) In a glove box, an oven-dried 4-mL 

vial was charged with alkynals 3c (0.1 mmol, 1.0 equiv), CoI2 (0.015 mmol, 0.15 

equiv), L9 (0.018 mmol, 0.18 equiv), Zn (0.4 mmol, 4.0 equiv), H2O (0.5 mmol, 

5.0 equiv) and DMF (1.0 mL). The vial was capped and removed from the glove 

box. The reaction mixture was placed in a pre-heated block and stirred at 40 oC 

for 12 h. Then the reaction mixture was cooled to room temperature and the 

organic layer was extracted with EtOAc. Then the combined organic layers 

were washed with brine, dried over Na2SO4, filtered and concentrated under 

reduced pressure. The residue was purified by silica gel flash column 

chromatography to give the desired product 4c as a white solid (Rf = 0.2, 

petroleum ether/ethyl acetate = 5/1, 8.5 mg, 45% yield). 

1H NMR (600 MHz, CDCl3) δ (ppm) 7.35 – 7.30 (m, 2H), 7.23 – 7.19 (m, 3H), 6.53 

(s, 1H), 4.28 – 4.21 (m, 1H), 2.77 – 2.68 (m, 1H), 2.17 – 2.08 (m, 1H), 2.05 – 1.98 

(m, 1H), 1.91 – 1.83 (m, 1H), 1.68 – 1.65 (m, 1H), 1.64 – 1.54 (m, 3H), 1.51 – 1.42 

(m, 1H). 

13C NMR (150 MHz, CDCl3) δ (ppm) 144.3, 137.6, 128.9, 128.1, 126.2, 120.8, 73.7, 

36.6, 27.3, 27.0, 23.2. 

HRMS (ESI-TOF): [M+Na] calcd for C13H16NaO 211.1093, found 211.1087. 

Specific Rotation: [α]D22.9 +31.5 (c 0.13, MeOH) for 90% ee. 

Chiral HPLC analysis: Chiralpak OD-H Column (250 mm); detected at 254 nm; 

n-hexane/i-propanol = 95/5; flow rate = 1 mL/min; Retention time: 9.7 min 

(major), 12.3 min (minor). 
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4. Scale-up Reaction and Deuterium Labeling 

Experiment 
1.0-mmol Scale Reaction: 

 

In a glove box, a 100-mL oven-dried Schlenk flask was charged with alkynals 

1a (236 mg, 1.0 mmol, 1.0 equiv), CoI2 (31.3 mg, 0.1 mmol, 0.1 equiv), L9 (61.1 

mg, 0.12 mmol, 0.12 equiv), Zn (260 mg, 4.0 mmol, 4.0 equiv), H2O (90µL, 5.0 

mmol, 5.0 equiv) and DMF (10 mL). The flask was capped and removed from 

the glove box. The reaction mixture was placed in a pre-heated oil bath and 

stirred at 40 oC for 12 h. Then the reaction mixture was cooled to room 

temperature, water was added and the organic layer was extracted with EtOAc 

(20 mL×3). The combined organic layers were washed brine, dried over Na2SO4, 

filtered and evaporated. The residue was purified by silica gel flash column 

chromatography to afford the desired product 2a as a yellow solid (eluent: 

petroleum ether/ethyl acetate = 10:1, 223.2 mg, 94% yield, 89% ee). 

Chiral HPLC analysis: Chiralpak IH Column (250 mm); detected at 254 nm; n-

hexane/i-propanol = 90/10; flow rate = 1.0 mL/min; Retention time: 8.9 min 

(major), 9.6 min (minor). 
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Deuterium labeling experiment 

 

In a glove box, an oven-dried 4-mL vial was charged with alkynals 1a (0.1 mmol, 

1.0 equiv), CoI2 (0.01 mmol, 0.1 equiv), L9 (0.012 mmol, 0.12 equiv), Zn (0.4 

mmol, 4.0 equiv), D2O (0.5 mmol, 5.0 equiv) and DMF (1.0 mL). The vial was 

capped and removed from the glove box. The reaction mixture was placed in a 

pre-heated block and stirred at 40 oC for 12 h. Then the reaction mixture was 

cooled to room temperature, water was added and the organic layer was 

extracted with EtOAc (5 mL×3). The combined organic layers were washed 

with brine, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified by silica gel flash column chromatography 

to give the desired product [D]-2a as a yellow solid. (Rf = 0.2, petroleum 

ether/ethyl acetate = 5/1, 22.3 mg, 93% yield). 
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5. Absolute Configuration Determination of the 

Products 

Compound 2m was assigned the (S)-configuration by comparison of its 

specific rotation with literature data[1]. 

 

Literature data: [α]DRT –106.4 (c 1.0, CHCl3) for 92% ee, (S)-configuration; 

2m: [α]D26.0 –126.4 (c 0.45, MeOH) for 94% ee, (S)-configuration. 

 

Compound 4a was assigned the (S)-configuration by comparison of its 

specific rotation with literature data[8]. 

 

Literature data: [α]D20 +28.5 (c 1.08, EtOH) for 96% ee, (S)-configuration; 

4a: [α]D25.3 +30.7 (c 0.33, MeOH) for 67% ee., (S)-configuration. 

 

Compound 4c was assigned the (R)-configuration by comparison of its 

specific rotation with literature data[8]. 

 

Literature data: [α]D20 –43.0 (c 0.76, EtOH) for 97% ee, (S)-configuration; 

4c: [α]D22.9 +31.5 (c 0.13, MeOH) for 90% ee, (R)-configuration. 
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6.  Proposed Model for Stereochemical Induction 

 

Scheme S1. Proposed model for stereochemical induction. 
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7. Preliminary Bioactivity Studies 

Compounds were firstly dissolved in DMSO to obtain 10 mM stock 

solutions and diluted using DMEM for analysis. Human hepatocellular 

carcinomas (HepG2) cells were purchased from the Cell Bank of Shanghai 

Institute of Cell Biology, Chinese Academy of Sciences and cultured in high 

glucose Dulbecco's Modified Eagle Medium (Meilun Biotechnology, Dalian, 

China) supplemented with 10% fetal bovine serum (Tuona Biotechnology, 

Shanghai, China), and penicillin/streptomycin (Meilun Biotechnology, Dalian, 

China) at 37 oC under 5% CO2. The cells were seeded in 96-well culture plates 

at a density of 5000 cells per well (100 µL/well) and grown for 8 h. Then, 

compounds were added to the plates and the plates were incubated at 37 oC for 

48 h. After incubation, a volume of 10 uL of Cell Counting Kit-8 (CCK-8, Titan 

Scientific, Shanghai, China) was added per well, and the plate was incubated 

in the 37 oC incubator for 1 h. The samples absorbance was measured at the 

wavelength of 450 nm using a microplate reader. Each treatment was 

performed in triplicate. The half inhibitory concentration IC50 values were 

calculated by GraphPad Prism 10.6.0. 

 

 

Figure S1. Preliminary bioactivity studies. (a) Evaluating the inhibitory activity of 

reductive cyclization products against Human hepatocellular carcinomas (HepG2) cells. 

(b) Inhibition curve for compound 2s against HepG2 cells. 
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9. NMR Spectra
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