
S1 
 

Supporting Information for 

 
Pd-Catalyzed Asymmetric Etherification of 2H-chromenes: Enantioselective Construction of 

Chiral 4-Alkoxy-4H-chromenes 

Bangzhong Wang,a Luyang Sun,b Pengyue Zhang,a Shuaibo Zhang,a Jinfeng Zhao,c Jingping Qu,b 
Yuhan Zhou*a 

a State Key Laboratory of Fine Chemicals, Department of Pharmaceutical Engineering, School of Chemical Engineering, Dalian 

University of Technology, Dalian 116024, China. 

b State Key Laboratory of Fine Chemicals, School of Chemical Engineering, Dalian University of Technology, Dalian 116024, 

China. 
c Instrumental Analysis Center, Dalian University of Technology, Dalian 116024, China. 

 Corresponding author. E-mail address: zhouyh@dlut.edu.cn (Y. Zhou) 

 

 

Table of Contents 

 
1. General Information ............................................................................................................ S2 

2. General procedure for the synthesis of 2-trifluoromethyl 2H-chromenes ........................... S2 

3. General procedure for the stereoselective etherification of 2H-chromene .......................... S2 

4. General procedure for the transformation ........................................................................... S3 

5. Crystal data and structure refinement for 4rv ..................................................................... S4 

6. Experimental characterization data for new products ......................................................... S5 

7. Reference ........................................................................................................................... S20 

8. Copy of NMR spectra for the products ............................................................................. S21 

9. Copy of HPLC spectra for the products .......................................................................... S110 

 

  

                                                  
 

Supplementary Information (SI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2025



S2 
 

1. General Information  
Unless otherwise noted, all reactions were performed under an argon atmosphere in 

glassware with magnetic stirring. Reagents were purchased from commercial sources and used 

without further purification. All solvents were treated with 4Å molecular sieve. Column 

chromatography was performed on silica gel (200 - 300 mesh) using petroleum ether/ethyl acetate 

as eluent. All 1H NMR, 13C NMR and 19F NMR were recorded on Bruker AVANCE II-400 or 

Bruker AVANCE III-500 spectrometers with chemical shifts reported as ppm (in CDCl3 with TMS 

as internal standard). Melting points were recorded on a Novel X-4 spectrometer. HRMS (ESI) 

were recorded on a Thermo LTQ Orbitrap XL spectrometer. The enantiomeric excess was 

determined by chiral HPLC with n-hexane and i-propanol as eluents. Optical rotations were 

measured on a Rudolph AUTOPOL IV polarimeter. X-ray analysis wa performed on a Bruker 

SMART APEX CCD diffractometer.  

2. General procedure for the synthesis of 2-trifluoromethyl 2H-chromenes 

 

α-Trifluoromethyl alkenyl esters were prepared following similar reported literures.1 

Salicylaldehyde (10 mmol), Isopropyl 4,4,4-Trifluoroacetoacetate (12 mmol), L-proline (30 

mol%) in EtOH (30 mL) were placed in a 50 mL round-bottomed flask and stirred at 75 °C for 12 

h. After completion of the reaction (monitored by TLC), the solvent was removed under reduced 

pressure, extracted with ethylacetate and water dried over Na2SO4 and the solvent was removed 

under reduced pressure and the crude product was used for next step without purification. 

Dissolve the crude product in dry DCM, add triethylamine (20 mmol), DMAP (1 mmol), the 

reaction solution was cooled to 0 °C. Acetyl chloride (AcCl, 20 mmol) was added slowly into the 

reaction mixture and return to room temperature. After the reaction was complete (12 h, monitored 

by TLC), the reaction was quenched with saturated potassium carbonate solution. The aqueous 

layer was separated and extracted with DCM. The combined organic extracts were washed with 

brine, dried over Na2SO4, and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography on silica gel to afford the products.1 

3. General procedure for the stereoselective etherification of 2H-chromene 

 
To a mixture of isopropyl 2-acetoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (0.45 

mmol), benzyl alcohol (0.3 mmol), Pd2(allyl)2Cl2 (5 mol%), R-BINAP (11 mol%), Cs2CO3 (0.6 

mmol) was added trifluorotoluene (3 mL) at room temperature under an argon atmosphere. After 

stirring for 24 h at 35 °C, the mixture was quenched with water and diluted with DCM. The 

organic layer was washed with brine, and dried over Na2SO4. The solvent was concentrated with a 

rotary evaporator and purified by column chromatography on silica gel to afford the products 3aa. 
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4. General procedure for the transformation 

 

3da (81.3 mg, 0.2 mmol) was dissolved in DCM (3 mL) and trifluoroacetic acid (91.2 mg, 

0.8 mmol) was added at -78 °C, then the mixture was stirred for 2 h. The mixture was diluted with 

DCM and slowly added into an aqueous solution of Na2CO3 (3 N) at 0°C and the pH of the 

aqueous solution was adjusted to base. The combined organic layer was concentrated under 

reduced pressure and the crude was directly purified by column chromatography on silica gel to 

afford the desired product 4da 54.1 mg, 67% yield.2 At the same time, we have proposed a 

possible mechanism (Scheme S1). 
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Scheme S1 Possible reaction mechanism for transformation of 3da to 4da 

 

 

A mixture of 3rv (90.7 mg, 0.2 mmol), 3-bromo-5-nitrophenol (87.2 mg, 0.4 mmol), K2CO3 

(60 mg, 0.6 mmol) in anhydrous acetonitrile (10 mL) was stirred at 70 °C for 4 h in oil bath. Then, 

the reaction mixture was concentrated under reduced pressure and purified by column 

chromatography to afford the corresponding product 4rv 91.7 mg, 80% yield, 93% ee.3 

A mixture of 3rv (90.7 mg, 0.2 mmol), potassium phthalimide (74.1 mg, 0.4 mmol) in DMF 

(3 mL) was stirred at 100 °C for 8 h in oil bath. The aqueous layer was separated and extracted 

with EA. The combined organic was washed with brine, dried over Na2SO4, and the solvent was 



S4 
 

removed under reduced pressure. The crude product was purified by column chromatography on 

silica gel to afford the product 5rv 77.8 mg, 75% yield, 86% ee. 

5. Crystal data and structure refinement for 4rv 

4rv were obtained by slow evaporation of the solution (in n-hexane) at room temperature.  

 

Figure S1. X-ray crystal structure of 4rv with thermal ellipsoids 50% probability level 

Formula C24H23BrF3NO8 

Formula weight 590.34 

Crystal dimensions (mm3) 0.3 × 0.15 × 0.1 

Crystal system monoclinic 

Space group P1211 

a (Å) 11.7404(11) 

b (Å) 8.3449(8) 

c (Å) 13.0752(12) 

α (º) 90 

β (º) 94.168(3) 

γ (º) 90 

Volume (Å3) 1277.6(2) 

Z 2 

T (K) 120 

D calcd (g cm-3) 1.535 

F (000) 600 

No. of rflns. collected 30400 

No. of indep. rflns. /Rint 4505 / 0.0790 

No. of obsd. rflns. [I0 > 2σ(I0)] 3504 

Data / restraints / parameters 4505 / 115 / 365 

R1 / wR2 [I0 > 2σ(I0)] 0.0536 / 0.1208 

R1 / wR2 (all data) 0.0788 / 0.1336 

GOF (on F2) 1.091 

Largest diff. peak and hole (e Å-3） 0.627 / -0.414 
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6. Experimental characterization data for new products 

Isopropyl 2-acetoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2a) 

White solid, mp 101 – 102 oC, 2.2 g, 64% yield. 1H NMR (400 MHz, CDCl3) δ 

7.84 (s, 1H), 7.37 (td, J = 7.8, 1.7 Hz, 1H), 7.33 – 7.26 (m, 1H), 7.05 (t, J = 7.5 

Hz, 1H), 6.98 (d, J = 8.2 Hz, 1H), 5.16 (heptet, J = 6.3 Hz, 1H), 2.21 (s, 3H), 

1.32 – 1.34 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 162.7, 152.1, 139.2, 133.2, 129.4, 

122.9, 121.1 (q, J = 289.9 Hz), 117.0, 116.2, 115.2, 96.3 (q, J = 35.4 Hz), 69.1, 21.8, 21.6, 21.2.  

19F NMR (376 MHz, CDCl3) δ -84.98. HRMS (ESI) m/z: calcd for C16H15F3NaO5 [M + Na]+ 

367.0769, found: 367.0767. 

 

Isopropyl 2-acetoxy-5-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2b) 

White solid, mp 95 – 96 oC, 2.4 g, 64% yield. 1H NMR (400 MHz, CDCl3) δ 

8.20 (s, 1H), 7.29 – 7.25 (m, 1H), 6.56 (d, J = 8.3 Hz, 1H), 6.52 (d, J = 8.3 Hz, 

1H), 5.13 (heptet, J = 6.3 Hz, 1H), 3.87 (s, 3H), 2.19 (s, 3H), 1.32 – 1.29 (m, 

6H). 13C NMR (101 MHz, CDCl3) δ 167.9, 162.8, 157.0, 152.7, 134.1, 133.6, 

121.3 (q, J = 289.9 Hz), 114.1, 107.6, 107.0, 104.5, 96.3 (q, J = 35.4 Hz), 68.8, 55.7, 21.6, 21.5, 

21.1. 19F NMR (377 MHz, CDCl3) δ -85.10. HRMS (ESI) m/z: calcd for C17H17F3NaO6 [M + Na]+ 

397.0875, found: 397.0871. 

 

Isopropyl 2-acetoxy-6-(tert-butyl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2c) 

White solid, mp 130 – 131 oC, 2.2 g, 55% yield. 1H NMR (500 MHz, 

CDCl3) δ 7.83 (s, 1H), 7.39 (dd, J = 8.6, 2.4 Hz, 1H), 7.27 (d, J = 2.4 Hz, 

1H), 6.89 (d, J = 8.6 Hz, 1H), 5.14 (heptet, J = 6.2 Hz, 1H), 2.19 (s, 3H), 

1.32 – 1.30 (m, 15H). 13C NMR (126 MHz, CDCl3) δ 168.1, 162.8, 149.9, 145.7, 139.8, 130.5, 

126.2, 121.2 (q, J = 289.8 Hz), 116.2, 115.8, 114.6, 96.5 (q, J = 35.3 Hz), 68.9, 34.2, 31.3, 21.8, 

21.6, 21.3. 19F NMR (376 MHz, CDCl3) δ -84.99. HRMS (ESI) m/z: calcd for C20H23F3NaO5 [M + 

Na]+ 423.1395, found: 423.1392. 

 

Isopropyl 2-acetoxy-6-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2d) 

White solid, mp 111 – 112 oC, 2.2 g, 59% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.77 (s, 1H), 6.97 – 6.84 (m, 2H), 6.78 (d, J = 2.8 Hz, 1H), 5.13 

(heptet, J = 6.2 Hz, 1H), 3.78 (s, 3H), 2.19 (s, 3H), 1.32 – 1.30 (m, 6H). 13C 

NMR (101 MHz, CDCl3) δ 168.1, 162.7, 154.9, 146.2, 139.2, 121.2 (q, J = 290.9 Hz), 119.5, 

117.1, 116.7, 116.0, 112.9, 96.4 (q, J = 35.4 Hz), 69.1, 55.8, 21.8, 21.6, 21.3. 19F NMR (377 MHz, 

CDCl3) δ -84.92. HRMS (ESI) m/z: calcd for C17H17F3NaO6 [M + Na]+ 397.0875, found: 

397.0869. 

 

Isopropyl 2-acetoxy-6-fluoro-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2e) 

White solid, mp 101 – 102 oC, 1.7 g, 47% yield. 1H NMR (400 MHz, CDCl3) 

δ 7.75 (s, 1H), 7.07 (ddd, J = 8.9, 8.1, 3.0 Hz, 1H), 7.01 (dd, J = 7.8, 3.0 Hz, 

1H), 6.94 (dd, J = 8.9, 4.3 Hz, 1H), 5.16 (heptet, J = 6.3 Hz, 1H), 2.22 (s, 3H), 

1.34 – 1.32 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 162.4, 157.8 (d, J = 242.4 Hz), 148.0 

(d, J = 2.0 Hz), 138.0 (d, J = 3.0 Hz), 121.0 (q, J = 289.9 Hz), 119.6 (d, J = 24.2 Hz), 117.65 (d, J 
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= 9.1 Hz), 117.64, 116.4 (d, J = 8.1 Hz), 115.0 (d, J = 24.2 Hz), 96.3 (q, J = 35.4 Hz), 69.4, 21.7, 

21.5, 21.2. 19F NMR (376 MHz, CDCl3) δ -84.85 (3F), -120.65 – -120.69 (m, 1F). HRMS (ESI) 

m/z: calcd for C16H14F4NaO5 [M + Na]+ 385.0675, found: 385.0669. 

 

Isopropyl 2-acetoxy-6-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2f) 

White solid, mp 118 – 119 oC, 2.9 g, 77% yield. 1H NMR (400 MHz, CDCl3) 

δ 7.71 (s, 1H), 7.29 (dd, J = 8.6, 2.5 Hz, 1H), 7.25 (s, 1H), 6.90 (d, J = 8.6 

Hz, 1H), 5.13 (heptet, J = 6.3 Hz, 1H), 2.19 (s, 3H), 1.31 – 29 (m, 6H). 13C 

NMR (101 MHz, CDCl3) δ 168.1, 162.3, 150.4, 137.8, 132.7, 128.6, 127.8, 121.0 (q, J = 289.9 

Hz), 118.2, 117.6, 116.6, 96.2 (q, J = 35.4 Hz), 69.4, 21.7, 21.6, 21.2. 19F NMR (376 MHz, CDCl3) 

δ -84.82. HRMS (ESI) m/z: calcd for C16H14ClF3NaO5 [M + Na]+ 401.0380, found: 401.0374. 

 

Isopropyl 2-acetoxy-2,6-bis(trifluoromethyl)-2H-chromene-3-carboxylate (2g) 

White solid, mp 99 – 100 oC, 2.5 g, 61% yield. 1H NMR (400 MHz, CDCl3) 

δ 7.81 (s, 1H), 7.64 – 7.59 (m, 1H), 7.57 (d, J = 2.2 Hz, 1H), 7.06 (d, J = 8.5 

Hz, 1H), 5.15 (heptet, J = 6.3 Hz, 1H), 2.21 (s, 3H), 1.33 – 1.31 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 168.1, 162.1, 154.1, 137.6, 129.8 (q, J = 4.0 Hz), 126.6 (q, J = 4.0 

Hz), 125.5 (q, J = 34.3 Hz), 123.6 (q, J = 272.7 Hz), 120.9 (q, J = 289.9 Hz), 117.9, 117.2, 115.9, 

96.3 (q, J = 35.4 Hz), 69.5, 21.6, 21.5, 21.0. 19F NMR (376 MHz, CDCl3) δ -62.21 (3F), δ -84.82 

(3F). HRMS (ESI) m/z: calcd for C17H14F6NaO5 [M + Na]+ 435.0643, found: 435.0634. 

 

Isopropyl 2-acetoxy-6-(furan-2-yl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2h) 

White solid, mp 124 – 125 oC, 1.0 g, 24% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.86 (s, 1H), 7.64 (dd, J = 8.6, 2.2 Hz, 1H), 7.58 (d, J = 2.2 Hz, 

1H), 7.48 – 7.39 (m, 1H), 6.98 (d, J = 8.5 Hz, 1H), 6.56 (d, J = 3.5 Hz, 

1H), 6.46 (dd, J = 3.4, 1.8 Hz, 1H), 5.15 (heptet, J = 6.2 Hz, 1H), 2.21 (s, 

3H), 1.33 – 1.31 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 162.6, 152.6, 151.2, 142.1, 139.0, 

128.6, 126.3, 124.5, 121.1 (q, J = 288.9 Hz), 117.2, 116.9, 115.6, 111.7, 104.7, 96.4 (q, J = 35.4 

Hz), 69.2, 21.8, 21.6, 21.3. 19F NMR (377 MHz, CDCl3) δ -84.86. HRMS (ESI) m/z: calcd for 

C20H17F3NaO6 [M + Na]+ 433.0875, found: 433.0873. 

 

Isopropyl 2-acetoxy-6-(thiophen-2-yl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2i) 

Yellow solid, mp 134 – 135 oC, 0.8 g, 19% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.86 (s, 1H), 7.54 (dd, J = 8.5, 2.3 Hz, 1H), 7.46 (d, J = 2.3 Hz, 

1H), 7.23 (dd, J = 5.1, 1.2 Hz, 1H), 7.19 (dd, J = 3.6, 1.2 Hz, 1H), 7.03 (dd, 

J = 5.1, 3.6 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 5.19 (heptet, J = 6.2 Hz, 

1H), 2.22 (s, 3H), 1.35 – 1.33 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.0, 162.5, 151.3, 142.7, 

138.9, 130.6, 129.7, 128.1, 126.5, 124.8, 123.1, 121.2 (q, J = 289.9 Hz), 117.30, 116.9, 115.7, 96.4 

(q, J = 35.4 Hz), 69.2, 21.7, 21.6, 21.2. 19F NMR (377 MHz, CDCl3) δ -84.71. HRMS (ESI) m/z: 

calcd for C20H17F3NaO5S [M + Na]+ 449.0647, found: 449.0639. 

 

Isopropyl 2-acetoxy-6-(pyridin-3-yl)-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2j) 

Yellow solid, mp 136 – 137 oC, 0.7 g, 17% yield. 1H NMR (400 MHz, 

CDCl3) δ 8.73 (s, 1H), 8.54 (d, J = 5.4 Hz, 1H), 7.88 (s, 1H), 7.73 (dt, J 
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= 8.1, 2.0 Hz, 1H), 7.50 – 7.39 (m, 2H), 7.28 (dd, J = 8.0, 4.8 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H), 

5.14 (heptet, J = 6.3 Hz, 1H), 2.19 (s, 3H), 1.31 – 1.29 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 

167.9, 162.3, 151.8, 148.4, 147.6, 138.6, 134.8, 133.8, 132.5, 131.5, 127.7, 123.5, 121.0 (q, J = 

289.9 Hz), 117.4, 116.9, 115.8, 96.2 (q, J = 35.4 Hz), 69.1, 21.5, 21.4, 21.0. 19F NMR (377 MHz, 

CDCl3) δ -84.89. HRMS (ESI) m/z: calcd for C21H19F3NO5 [M + H]+ 422.1215, found: 422.1207. 

 

Isopropyl 2-acetoxy-7-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2k) 

White solid, mp 98 – 99 oC, 1.8 g, 50% yield. 1H NMR (400 MHz, CDCl3) δ 

7.79 (s, 1H), 7.16 (d, J = 7.7 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 6.79 (s, 1H), 

5.13 (heptet, J = 6.2 Hz, 1H), 2.34 (s, 3H), 2.19 (s, 3H), 1.31 – 1.29 (m, 6H). 
13C NMR (101 MHz, CDCl3) δ 168.0, 162.8, 152.0, 144.5, 139.3, 129.2, 123.8, 121.2 (q, J = 

289.9 Hz), 115.7, 115.0, 114.5, 96.5 (q, J = 35.4 Hz), 68.9, 21.8, 21.6, 21.2. 19F NMR (376 MHz, 

CDCl3) δ -85.02. HRMS (ESI) m/z: calcd for C17H17F3NaO5 [M + Na]+ 381.0926, found: 

381.0925. 

 

Isopropyl 2-acetoxy-7-phenyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2l) 

White solid, mp 123 – 124 oC, 1.6 g, 38% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.94 (s, 1H), 7.59 (d, J = 7.3 Hz, 2H), 7.44 (m, 2H), 7.41 – 7.33 

(m, 2H), 7.32 – 7.23 (m, 2H), 5.22 (heptet, J = 6.2 Hz, 1H), 2.26 (s, 3H), 

1.38 – 1.36 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 162.8, 152.5, 146.4, 139.5, 139.0, 

129.8, 128.9, 128.4, 127.1, 121.7, 121.3 (q, J = 289.9 Hz), 116.0, 113.6, 96.6 (q, J = 35.4 Hz), 

69.1, 21.8, 21.6, 21.2. (one aromatic carbon missing). 19F NMR (376 MHz, CDCl3) δ -84.88. 

HRMS (ESI) m/z: calcd for C22H19F3NaO5 [M + Na]+ 443.1082, found: 443.1077. 

 

Isopropyl 2-acetoxy-7-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2m) 

White solid, mp 112 – 113 oC, 2.3 g, 61% yield. 1H NMR (400 MHz, CDCl3) 

δ 7.77 (s, 1H), 7.21 (d, J = 8.1 Hz, 1H), 7.03 (dd, J = 8.1, 2.0 Hz, 1H), 7.00 

(dd, J = 1.9, 0.8 Hz, 1H), 5.13 (heptet, J = 6.2 Hz, 1H), 2.20 (s, 3H), 1.32 – 

1.30 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 162.4, 152.3, 138.5, 138.1, 130.1, 123.4, 

121.0 (q, J = 289.9 Hz), 116.4, 115.9, 115.6, 96.2 (q, J = 35.4 Hz), 69.3, 21.7, 21.6, 21.2. 19F 

NMR (377 MHz, CDCl3) δ -84.86. HRMS (ESI) m/z: calcd for C16H14ClF3NaO5 [M + Na]+ 

401.0380, found: 401.0375. 

 

Isopropyl 2-acetoxy-8-methyl-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2n) 

White solid, mp 61 – 62 oC, 1.1 g, 31% yield. 1H NMR (400 MHz, CDCl3) δ 

7.80 (s, 1H), 7.20 (ddd, J = 7.5, 1.9, 0.9 Hz, 1H), 7.11 (dd, J = 7.7, 1.6 Hz, 1H), 

6.93 (t, J = 7.5 Hz, 1H), 5.13 (heptet, J = 6.2 Hz, 1H), 2.23 (s, 3H), 2.20 (s, 3H), 

1.32 – 1.30 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.0, 162.8, 150.2, 139.7, 

134.7, 127.1, 124.7, 122.3, 121.2 (q, J = 289.9 Hz), 116.6, 115.9, 96.6 (q, J = 35.4 Hz), 69.0, 21.8, 

21.6, 21.3, 15.0. 19F NMR (376 MHz, CDCl3) δ -85.22. HRMS (ESI) m/z: calcd for C17H17F3NaO5 

[M + Na]+ 381.0926, found: 381.0923. 

 

 

 

O OAc

COOiPr

CF3



S8 
 

Isopropyl 2-acetoxy-8-chloro-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2o) 

White solid, mp 102 – 103 oC, 2.1 g, 55% yield. 1H NMR (400 MHz, CDCl3) δ 

7.78 (s, 1H), 7.40 (dd, J = 8.0, 1.6 Hz, 1H), 7.19 (dd, J = 7.6, 1.6 Hz, 1H), 6.99 

(t, J = 7.8 Hz, 1H), 5.15 (heptet, J = 6.3 Hz, 1H), 2.22 (s, 3H), 1.33 – 1.30 (m, 

6H). 13C NMR (101 MHz, CDCl3) δ 167.9, 162.2, 147.7, 138.4, 133.4, 127.7, 

123.1, 121.0 (q, J = 289.9 Hz), 120.5, 118.5, 117.3, 96.6 (q, J = 35.4 Hz), 69.3, 21.6, 21.4, 21.0. 
19F NMR (377 MHz, CDCl3) δ -84.95. HRMS (ESI) m/z: calcd for C16H14ClF3NaO5 [M + Na]+ 

401.0380, found: 401.0370. 

 

Isopropyl 2-acetoxy-2-(trifluoromethyl)-2H-benzo[g]chromene-3-carboxylate (2p) 

White solid, mp 164 – 165 oC, 1.8 g, 46% yield. 1H NMR (400 MHz, 

CDCl3) δ 8.02 (s, 1H), 7.79 (d, J = 11.0 Hz, 2H), 7.70 (d, J = 8.3 Hz, 1H), 

7.48 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.36 – 7.40 (m, 1H), 7.34 (s, 1H), 5.19 

(heptet, J = 6.3 Hz, 1H), 2.24 (s, 3H), 1.36 – 1.34 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 168.1, 

162.6, 148.8, 139.3, 136.1, 130.4, 129.7, 128.6, 128.4, 127.1, 125.2, 121.3 (q, J = 289.9 Hz), 

118.4, 118.1, 110.8, 95.9 (q, J = 35.4 Hz), 69.2, 21.8, 21.7, 21.3. 19F NMR (376 MHz, CDCl3) δ 

-84.42. HRMS (ESI) m/z: calcd for C20H17F3NaO5 [M + Na]+ 417.0926, found: 417.0921. 

 

Ethyl 2-acetoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2q) 

White solid, mp 58 – 59 oC, 1.6 g, 48% yield. 1H NMR (500 MHz, CDCl3) δ 

7.84 (s, 1H), 7.35 (td, J = 7.8, 1.6 Hz, 1H), 7.30 – 7.24 (m, 1H), 7.04 (td, J = 7.5, 

1.0 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 2.20 (s, 3H), 

1.33 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 168.2, 163.0, 152.1, 139.4, 133.3, 129.5, 

122.9, 121.1 (q, J = 289.8 Hz), 116.9, 115.7, 115.3, 96.3 (q, J = 35.3 Hz), 61.4, 21.3, 14.1. 19F 

NMR (470 MHz, CDCl3) δ -85.08. HRMS (ESI) m/z: calcd for C15H13F3NaO5 [M + Na]+ 

353.0613, found: 353.0607. 

 

Isopropyl 2-acetoxy-8-methoxy-2-(trifluoromethyl)-2H-chromene-3-carboxylate (2r) 

White solid, mp 135 – 136 oC, 1.5 g, 40% yield. 1H NMR (400 MHz, CDCl3) δ 

7.80 (s, 1H), 7.02 – 6.96 (m, 2H), 6.89 (dd, J = 8.8, 4.4 Hz, 1H), 5.14 (heptet, J 

= 6.3 Hz, 1H), 3.87 (s, 3H), 2.20 (s, 3H), 1.32 – 1.30 (m, 6H). 13C NMR (101 

MHz, CDCl3) δ 168.1, 162.7, 146.9, 141.3, 139.4, 122.6, 121.2, 121.3 (q, J = 290.8 Hz), 117.6, 

116.3, 116.2, 96.4 (q, J = 35.4 Hz), 69.1, 56.3, 21.8, 21.6, 21.4. 19F NMR (377 MHz, CDCl3) δ 

-85.00. HRMS (ESI) m/z: calcd for C17H17F3NaO6 [M + Na]+ 397.0875, found: 397.0871. 

 

Isopropyl (S)-4-(benzyloxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3aa) 

Colorless liquid, 86.1 mg, 73% yield, 92% ee. [α]D
20 = -52.00 (c 0.20, CH2Cl2). 

1H 

NMR (500 MHz, CDCl3) δ 7.46 (dd, J = 7.7, 1.7 Hz, 1H), 7.40 – 7.36 (m, 1H), 7.31 

– 7.21 (m, 6H), 7.19 (d, J = 8.3 Hz, 1H), 5.84 (s, 1H), 5.20 (heptet, J = 6.2 Hz, 1H), 

4.47 (d, J = 10.7 Hz, 1H), 4.16 (d, J = 10.6 Hz, 1H), 1.33 – 1.29 (m, 6H). 13C NMR 

(126 MHz, CDCl3) δ 164.2, 150.0, 142.8 (q, J = 37.8 Hz), 137.7, 130.1, 129.3, 

128.3, 128.0, 127.8, 125.6, 119.1 (q, J = 275.9 Hz), 118.6, 116.8, 111.1 (q, J = 1.9 Hz), 70.1, 68.7, 67.6, 

21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.67. HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 6.32 min, tminor = 

O OAc

COOiPr

CF3

Cl

O OAc

COOiPr

CF3
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8.67 min. HRMS (ESI) m/z: calcd for C21H19F3NaO4 [M + Na]+ 415.1133, found: 415.1128. 

 

Isopropyl (S)-4-(benzyloxy)-5-methoxy-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ab) 

Colorless liquid, 75.7 mg, 60% yield, 80% ee. [α]D
20 = -97.50 (c 0.28, CH2Cl2).  

1H NMR (500 MHz, CDCl3) δ 7.31 (t, J = 8.3 Hz, 1H), 7.28 – 7.18 (m, 5H), 6.80 

(dd, J = 8.4, 0.9 Hz, 1H), 6.72 (dd, J = 8.3, 0.9 Hz, 1H), 5.93 (s, 1H), 5.19 (heptet, J 

= 6.3 Hz, 1H), 4.61 (d, J = 10.9 Hz, 1H), 4.39 (d, J = 10.9 Hz, 1H), 3.87 (s, 3H), 

1.33 – 1.31 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 164.9, 158.1, 151.2, 143.0 (q, J 

= 39.1 Hz), 138.4, 130.1, 128.1, 127.9, 127.5, 119.2 (q, J = 275.9 Hz), 111.4 (q, J = 1.9 Hz), 109.0, 

106.4, 70.00, 69.95, 65.3, 55.8, 21.6, 21.4. one aromatic carbon missing. 19F NMR (470 MHz, CDCl3) 

δ -66.38. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 

mL/min, λ = 254 nm, retention time: tmajor = 5.54 min, tminor = 10.08 min. HRMS (ESI) m/z: calcd for 

C22H21F3NaO5 [M + Na]+ 445.1239, found: 445.1233. 

 

Isopropyl (S)-4-(benzyloxy)-6-(tert-butyl)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ac) 

Colorless liquid, 87.6 mg, 65% yield, 85% ee.[α]D
20 = -72.85 (c 0.28, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.38 – 7.31 (m, 2H), 7.22 – 7.14 (m, 5H), 7.08 – 

7.02 (m, 1H), 5.76 (s, 1H), 5.13 (heptet, J = 6.2 Hz, 1H), 4.38 (d, J = 10.8 Hz, 

1H), 4.09 (d, J = 10.8 Hz, 1H), 1.27 – 1.22 (m, 15H). 13C NMR (126 MHz, 

CDCl3) δ 163.7, 147.8, 147.0, 141.9 (q, J = 37.8 Hz), 136.9, 127.3, 127.1, 126.7, 

126.3, 124.7, 118.1 (q, J = 275.9 Hz), 116.8, 115.2, 109.9 (q, J = 1.9 Hz), 68.9, 67.8, 66.5, 33.6, 30.3, 

20.6, 20.3. 19F NMR (470 MHz, CDCl3) δ -66.68. HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 4.61 min, tminor = 

6.39 min. HRMS (ESI) m/z: calcd for C25H27F3NaO4 [M + Na]+ 471.1759, found: 471.1754. 

 

Isopropyl (S)-4-(benzyloxy)-6-methoxy-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ad) 

Colorless liquid, 77.3 mg, 61% yield, 88% ee. [α]D
20 = -91.76 (c 0.51, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.32 – 7.27 (m, 2H), 7.27 – 7.22 (m, 3H), 7.12 

(d, J = 9.0 Hz, 1H), 6.94 (dd, J = 9.0, 3.0 Hz, 1H), 6.87 (d, J = 3.0 Hz, 1H), 

5.84 (s, 1H), 5.20 (heptet, J = 6.3 Hz, 1H), 4.46 (d, J = 10.8 Hz, 1H), 4.16 (d, J 

= 10.8 Hz, 1H), 3.77 (s, 3H), 1.32 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.3 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.7, 157.1, 144.2, 143.0 (q, J = 37.8 Hz), 

137.8, 128.3, 128.0, 127.7, 119.2, 119.1 (q, J = 274.7 Hz), 117.9, 117.4, 111.8, 109.9 (q, J = 2.5 Hz), 

70.0, 69.0, 67.5, 55.8, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.58. HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 6.33 min, tminor = 16.69 min. HRMS (ESI) m/z: calcd for C22H21F3NaO5 [M + Na]+ 445.1239, 

found: 445.1233. 

 

Isopropyl (S)-4-(benzyloxy)-6-fluoro-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ae) 

Colorless liquid, 92.6 mg, 75% yield, 92% ee. [α]D
20 = -56.89 (c 0.29, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.34 – 7.22 (m, 5H), 7.21 – 7.15 (m, 1H), 7.14 – 

7.06 (m, 2H), 5.81 (s, 1H), 5.20 (heptet, J = 6.2 Hz, 1H), 4.49 (d, J = 10.6 Hz, 

1H), 4.20 (d, J = 10.7 Hz, 1H), 1.33 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.3 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.4, 159.6 (d, J = 245.7 Hz), 146.0 (d, J = 2.4 
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Hz), 142.8 (q, J = 39.1 Hz), 137.3, 128.4, 128.0, 127.9, 120.1 (d, J = 7.6 Hz), 118.9 (q, J = 275.9 Hz), 

118.5 (d, J = 7.6 Hz), 117.6 (d, J = 23.9 Hz), 114.9 (d, J = 23.9 Hz), 110.2, 70.2, 68.5, 68.1, 21.6, 21.3. 
19F NMR (470 MHz, CDCl3) δ -66.64 (s, 3F), -115.79 – -115.83 (m, 1F). HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 5.91 min, tminor = 10.10 min. HRMS (ESI) m/z: calcd for C21H18F4NaO4 [M + Na]+ 433.1039, 

found: 433.1033. 

 

Isopropyl (S)-4-(benzyloxy)-6-chloro-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3af) 

Colorless liquid, 99.6 mg, 78% yield, 90% ee. [α]D
20 = -116.44 (c 0.45, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.30 (d, J = 2.5 Hz, 1H), 7.28 – 7.21 (m, 3H), 

7.21 – 7.15 (m, 3H), 7.06 (d, J = 8.8 Hz, 1H), 5.69 (s, 1H), 5.12 (heptet, J = 6.3 

Hz, 1H), 4.42 (d, J = 10.6 Hz, 1H), 4.15 (d, J = 10.7 Hz, 1H), 1.25 (d, J = 6.3 Hz, 

3H), 1.22 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.2, 148.4, 

142.7 (q, J = 37.8 Hz), 137.3, 130.6, 130.3, 128.8, 128.4, 128.0, 127.9, 120.2, 118.9 (q, J = 275.9 Hz), 

118.3, 111.0 (q, J = 2.5 Hz), 70.3, 68.24, 68.22, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.60. 

HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 

nm, retention time: tmajor = 5.65 min, tminor = 8.87 min. HRMS (ESI) m/z: calcd for C21H18ClF3NaO4 [M 

+ Na]+ 449.0743, found: 449.0738. 

 

Isopropyl (S)-4-(benzyloxy)-2,6-bis(trifluoromethyl)-4H-chromene-3-carboxylate (3ag) 

Yellow liquid , 97.7 mg, 71% yield, 87% ee. [α]D
20 = -53.53 (c 51, CH2Cl2). 

 1H NMR (500 MHz, CDCl3) δ 7.59 – 7.52 (m, 2H), 7.26 – 7.19 (m, 4H), 7.17 

– 7.15 (m, 2H), 5.73 (s, 1H), 5.14 (heptet, J = 6.3 Hz, 1H), 4.45 (d, J = 10.7 Hz, 

1H), 4.18 (d, J = 10.8 Hz, 1H), 1.26 (d, J = 6.2 Hz, 3H), 1.24 (d, J = 6.3 Hz, 

3H). 13C NMR (126 MHz, CDCl3) δ 164.1, 151.8, 142.5 (q, J = 39.1 Hz), 137.1, 

128.5, 128.1, 128.0, 127.9 (q, J = 34.0 Hz), 127.1 (q, J = 3.8 Hz), 127.0 (q, J = 3.8 Hz), 123.5 (q, J = 

272.2 Hz), 119.4 , 118.8 (q, J = 274.7 Hz), 117.6, 111.7, 70.4, 68.8, 68.0, 21.5, 21.3. 19F NMR (470 

MHz, CDCl3) δ -62.20 (s, 3F), -66.65 (s, 3F). HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.24 min, tminor = 

6.76 min. HRMS (ESI) m/z: calcd for C21H18ClF3NaO4 [M + Na]+ 483.1007, found:483.1002. 

 

Isopropyl (S)-4-(benzyloxy)-6-(furan-2-yl)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ah) 

Colorless liquid, 88.4 mg, 64% yield, 85% ee. [α]D
20 = -125.00 (c 0.38, 

CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 2.1 Hz, 1H), 7.68 (dd, J 

= 8.6, 2.2 Hz, 1H), 7.47 (d, J = 1.7 Hz, 1H), 7.31 – 7.23 (m, 5H), 7.21 (d, J = 

8.6 Hz, 1H), 6.62 (d, J = 3.4 Hz, 1H), 6.48 (dd, J = 3.5, 1.8 Hz, 1H), 5.86 (s, 

1H), 5.22 (heptet, J = 6.3 Hz, 1H), 4.50 (d, J = 10.7 Hz, 1H), 4.23 (d, J = 

10.7 Hz, 1H), 1.33 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.5, 

152.6, 149.1, 142.8 (q, J = 37.8 Hz), 142.4, 137.6, 128.7, 128.4, 128.1, 127.8, 125.7, 124.3, 118.95, 

119.03 (q, J = 274.7 Hz), 117.3, 111.9, 111.0 (q, J = 2.1 Hz), 105.4, 70.1, 68.5, 67.8, 21.6, 21.3. 19F 

NMR (470 MHz, CDCl3) δ -66.58. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 

9/1, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.91 min, tminor = 11.08 min. HRMS 

(ESI) m/z: calcd for C25H21F3NaO5 [M + Na]+ 481.1239, found: 481.1233. 
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Isopropyl (S)-4-(benzyloxy)-6-(thiophen-2-yl)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ai) 

Colorless liquid, 99.2 mg, 70% yield, 81% ee. [α]D
20 = -184.26 (c 0.61, 

CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 7.73 – 7.56 (m, 2H), 7.34 – 7.22 (m, 

7H), 7.19 (d, J = 8.5 Hz, 1H), 7.07 (dd, J = 5.1, 3.6 Hz, 1H), 5.85 (s, 1H), 5.22 

(hept, J = 6.3 Hz, 1H), 4.50 (d, J = 10.8 Hz, 1H), 4.24 (d, J = 10.8 Hz, 1H), 

1.34 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 164.5, 149.3, 142.80 (q, J = 37.8 Hz), 142.76, 137.6, 132.2, 128.4, 128.2, 128.1, 127.9, 127.7, 126.3, 

125.3, 123.5, 119.11, 119.06 (q, J = 275.9 Hz), 117.4, 111.1 (q, J = 2.1 Hz), 70.2, 68.5, 67.9, 21.7, 21.4. 
19F NMR (470 MHz, CDCl3) δ -66.55. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH 

= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 7.23 min, tminor = 15.70 min. HRMS 

(ESI) m/z: calcd for C25H21F3NaO4S [M + Na]+ 497.1010, found: 497.1005. 

 

Isopropyl (S)-4-(benzyloxy)-6-(pyridin-3-yl)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3aj) 

White solid, mp 80 – 81 oC, 104.8 mg, 74% yield, 85% ee. [α]D
20 = -159.84 (c 

0.62, CH2Cl2). 
1H NMR (500 MHz, CDCl3) δ 8.79 (d, J = 2.3 Hz, 1H), 8.61 

(dd, J = 4.8, 1.6 Hz, 1H), 7.81 – 7.79 (m, 1H), 7.66 – 7.55 (m, 2H), 7.37 (dd, 

J = 8.0, 4.8 Hz, 1H), 7.33 – 7.22 (m, 6H), 5.90 (s, 1H), 5.23 (heptet, J = 6.3 

Hz, 1H), 4.55 (d, J = 10.9 Hz, 1H), 4.29 (d, J = 10.9 Hz, 1H), 1.35 (d, J = 6.2 

Hz, 3H), 1.32 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.5, 149.9, 148.9, 148.1, 142.7 (q, 

J = 39.1 Hz), 137.6, 135.4, 135.1, 134.2, 128.8, 128.4, 128.1, 127.9, 127.8, 123.6, 119.4, 119.0 (q, J = 

275.9 Hz), 117.6, 111.3 (q, J = 2.5 Hz), 70.2, 68.6, 68.3, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ 

-66.57. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 8/2, flow rate = 0.8 mL/min, λ 

= 254 nm, retention time: tmajor = 8.03 min, tminor = 23.04 min. HRMS (ESI) m/z: calcd for 

C26H22F3NNaO4 [M + Na]+ 492.1399, found: 492.1393. 

 

Isopropyl (S)-4-(benzyloxy)-7-methyl-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ak) 

Colorless liquid, 74.2 mg, 61% yield, 72% ee. [α]D
20 = -39.29 (c 0.14, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.34 (d, J = 7.9 Hz, 1H), 7.31 – 7.27 (m, 2H), 7.26 

– 7.22 (m, 3H), 7.07 (dd, J = 7.9, 1.7 Hz, 1H), 7.02 (d, J = 1.1 Hz, 1H), 5.82 (s, 

1H), 5.20 (heptet, J = 6.3 Hz, 1H), 4.43 (d, J = 10.6 Hz, 1H), 4.13 (d, J = 10.6 Hz, 

1H), 2.39 (s, 3H), 1.32 (d, J = 6.2 Hz, 3H), 1.30 (d, J = 6.2 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 164.7, 150.0, 142.8 (q, J = 37.8 Hz), 140.6, 137.8, 128.9, 128.3, 128.0, 127.7, 

126.7, 119.1 (q, J = 275.9 Hz), 116.9, 115.6, 111.1 (q, J = 2.5 Hz), 70.0, 68.5, 67.3, 21.6, 21.3, 21.2. 19F 

NMR (470 MHz, CDCl3) δ -66.74. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 

95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 6.81 min, tminor = 8.86 min. HRMS 

(ESI) m/z: calcd for C22H21F3NaO4 [M + Na]+ 429.1290, found: 429.1284. 

 

Isopropyl (S)-4-(benzyloxy)-7-phenyl-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3al) 

Colorless liquid, 81.6 mg, 58% yield, 83% ee. [α]D
20 = -36.67 (c 0.18, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.64 – 7.57 (m, 2H), 7.51 – 7.38 (m, 6H), 7.33 – 

7.25 (m, 5H), 5.88 (s, 1H), 5.22 (heptet, J = 6.2 Hz, 1H), 4.50 (d, J = 10.7 Hz, 

1H), 4.23 (d, J = 10.6 Hz, 1H), 1.34 (d, J = 6.2 Hz, 3H), 1.31 (d, J = 6.2 Hz, 

3H). 13C NMR (126 MHz, CDCl3) δ 164.6, 150.4, 143.5, 142.9 (q, J = 37.8 Hz), 

139.4, 137.7, 129.6, 129.0, 128.3, 128.2, 128.0, 127.7, 127.1, 124.4, 119.1 (q, J 

O

CF3

COOiPr

O
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= 275.9 Hz), 117.4, 115.1, 111.3, 70.1, 68.5, 67.7, 21.6, 21.3. 19F NMR (377 MHz, CDCl3) δ -66.66. 

HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 

nm, retention time: tmajor = 7.92 min, tminor = 9.75 min. HRMS (ESI) m/z: calcd for C27H23F3NaO4 [M + 

Na]+ 491.1446, found: 491.1441. 

 
Isopropyl (S)-4-(benzyloxy)-7-chloro-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3am) 

Colorless liquid, 86.7 mg, 68% yield, 89% ee. [α]D
20 = -51.67 (c 0.42, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.37 (d, J = 8.8 Hz, 1H), 7.32 – 7.26 (m, 3H), 

7.25 – 7.21 (m, 4H), 5.79 (s, 1H), 5.20 (heptet, J = 6.3 Hz, 1H), 4.46 (d, J = 

10.7 Hz, 1H), 4.17 (d, J = 10.7 Hz, 1H), 1.33 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 

6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.3, 150.2, 142.5 (q, J = 37.8 

Hz), 137.4, 135.6, 130.3, 128.4, 128.0, 127.9, 126.1, 118.9 (q, J = 274.7 Hz), 117.2, 117.1, 111.5 (q, J = 

2.5 Hz), 70.3, 68.0, 67.9, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.69. HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 7.13 min, tminor = 9.24 min. HRMS (ESI) m/z: calcd for C21H18ClF3NaO4 [M + Na]+ 449.0743, 

found: 449.0738. 

 

Isopropyl (S)-4-(benzyloxy)-8-methyl-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3an) 

Colorless liquid, 85.0 mg, 70% yield, 89% ee. [α]D
20 = -47.41 (c 0.27, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.31 – 7.27 (m, 3H), 7.25 – 7.21 (m, 4H), 7.15 (t, J = 

7.5 Hz, 1H), 5.82 (s, 1H), 5.20 (heptet, J = 6.3 Hz, 1H), 4.46 (d, J = 10.7 Hz, 1H), 

4.18 (d, J = 10.7 Hz, 1H), 2.36 (s, 3H), 1.33 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.2 Hz, 

3H). 13C NMR (126 MHz, CDCl3) δ 164.6, 148.4, 143.2 (q, J = 37.8 Hz), 137.7, 

131.2, 128.3, 128.0, 127.7, 126.7, 126.3, 125.0, 119.2 (q, J = 274.7 Hz), 118.3, 

110.8 (q, J = 2.1 Hz), 69.9, 68.8, 67.6, 21.6, 21.3, 15.5. 19F NMR (470 MHz, CDCl3) δ -66.54. HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, 

retention time: tmajor = 5.08 min, tminor = 7.88 min. HRMS (ESI) m/z: calcd for C22H21F3NaO4 [M + Na]+ 

429.1290, found: 429.1284. 

 

Isopropyl (S)-4-(benzyloxy)-8-chloro-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ao) 

Colorless liquid, 92.1 mg, 72% yield, 88% ee. [α]D
20 = -32.55 (c 0.47, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.45 (dd, J = 7.9, 1.5 Hz, 1H), 7.35 (dd, J = 7.7, 1.5 

Hz, 1H), 7.32 – 7.28(m, 2H), 7.26 – 7.21 (m, 3H), 7.19 (t, J = 7.8 Hz, 1H), 5.83 (s, 

1H), 5.21 (heptet, J = 6.2 Hz, 1H), 4.48 (d, J = 10.7 Hz, 1H), 4.19 (d, J = 10.7 Hz, 

1H), 1.33 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.2 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 164.2, 146.0, 142.8 (q, J = 39.1 Hz), 137.4, 130.8, 128.4, 128.0, 127.9, 127.6, 

125.7, 122.3, 120.5, 118.9 (q, J = 263.3 Hz), 111.7 (q, J = 2.5 Hz), 70.3, 68.6, 68.0, 21.6, 21.3. 19F 

NMR (470 MHz, CDCl3) δ -66.42. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 

95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.54 min, tminor = 9.51 min. HRMS 

(ESI) m/z: calcd for C21H18ClF3NaO4 [M + Na]+ 449.0743, found: 449.0738. 

 

 

Isopropyl (S)-4-(benzyloxy)-2-(trifluoromethyl)-4H-benzo[g]chromene-3-carboxylate (3ap) 
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Colorless liquid, 86.1 mg, 65% yield, 87% ee. [α]D
20 = -157.78 (c 0.27, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.88 (s, 1H), 7.76 (dd, J = 11.6, 8.3 Hz, 2H), 

7.57 (s, 1H), 7.46 – 7.43 (m, 1H), 7.40 – 7.37 (m, 1H), 7.22 – 7.15 (m, 5H), 

5.91 (s, 1H), 5.15 (heptet, J = 6.3 Hz, 1H), 4.45 (d, J = 10.7 Hz, 1H), 4.14 (d, J 

= 10.8 Hz, 1H), 1.27 (d, J = 6.3 Hz, 3H), 1.24 (d, J = 6.3 Hz, 3H). 13C NMR 

(126 MHz, CDCl3) δ 164.5, 147.7, 143.3 (q, J = 37.8 Hz), 137.6, 133.9, 131.1, 

129.2, 128.3, 128.1, 128.0, 127.7, 127.5, 127.3, 125.7, 119.3, 119.1 (q, J = 274.7 Hz), 112.9, 111.1 (q, J 

= 2.5 Hz), 70.1, 68.7, 67.8, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.61. HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 9.14 min, tminor = 19.50min. HRMS (ESI) m/z: calcd for C25H21F3NaO4 [M + Na]+ 465.1290, 

found: 465.1284. 

 

Ethyl (S)-4-(benzyloxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3aq) 

Colorless liquid, 76.3 mg, 67% yield, 82% ee. [α]D
20 = -70.67 (c 0.30, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.47 (dd, J = 7.7, 1.7 Hz, 1H), 7.40 (ddd, J = 8.6, 7.5, 

1.7 Hz, 1H), 7.33 – 7.27 (m, 3H), 7.25 – 7.19 (m, 4H), 5.84 (s, 1H), 4.47 (d, J = 10.7 

Hz, 1H), 4.33 (q, J = 7.2 Hz, 2H), 4.16 (d, J = 10.7 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 165.0, 150.0, 143.1 (q, J = 38.4 Hz),137.6, 130.1, 

129.2, 128.3, 128.0, 127.7, 125.7, 119.0 (q, J = 275.7 Hz),118.5, 116.8, 110.7 (q, J = 2.5 Hz), 68.4, 

67.6, 62.1, 13.8. 19F NMR (470 MHz, CDCl3) δ -66.93. HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 6.62 min, tminor = 

10.74min. HRMS (ESI) m/z: calcd for C20H17F3NaO4 [M + Na]+ 401.0977, found: 401.0971. 

 

Isopropyl (S)-4-((2-methylbenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ba) 

Colorless liquid, 97.1 mg, 80% yield, 87% ee. [α]D
20 = -61.48 (c 0.27, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.48 – 7.36 (m, 2H), 7.24 – 7.22 (m, 1H), 7.20 – 

7.17 (m, 2H), 7.16 -7.14 (m, 1H), 7.13 – 7.09 (m, 2H), 5.82 (s, 1H), 5.19 (heptet, J 

= 6.3 Hz, 1H), 4.44 (d, J = 10.5 Hz, 1H), 4.18 (d, J = 10.5 Hz, 1H), 2.19 (s, 3H), 

1.32 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

164.7, 150.1, 143.1 (q, J = 37.8 Hz), 136.9, 135.6, 130.2, 130.1, 129.3, 128.1, 125.9, 125.6, 119.2 (q, J 

= 274.7 Hz), 118.8, 116.8, 111.2, 70.1, 68.6, 66.0, 21.6, 21.3, 18.7. aromatic carbon missing . 19F NMR 

(470 MHz, CDCl3) δ -66.43. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, 

flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.67 min, tminor = 8.74 min. HRMS (ESI) 

m/z: calcd for C22H21F3NaO4 [M + Na]+ 429.1290, found: 429.1284. 

 

Isopropyl (S)-4-((2-methoxybenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ca) 

Colorless liquid, 96.8 mg, 76% yield, 92% ee. [α]D
20 = -27.13 (c 0.60, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.51 (dd, J = 7.7, 1.7 Hz, 1H), 7.43 – 7.38 (m, 1H), 

7.33 (dd, J = 7.5, 1.8 Hz, 1H), 7.29 – 7.19 (m, 3H), 7.01 – 6.91 (m, 1H), 6.88 – 6.81 

(m, 1H), 5.88 (s, 1H), 5.22 (heptet, J = 6.3 Hz, 1H), 4.58 (d, J = 11.3 Hz, 1H), 4.40 

(d, J = 11.3 Hz, 1H), 3.79 (s, 3H), 1.36 (d, J = 6.3 Hz, 3H), 1.32 (d, J = 6.3 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.7, 157.0, 149.9, 142.5 (q, J = 37.8 Hz), 129.9, 

129.46, 129.45, 128.9, 126.2, 125.3, 120.4, 119.1 (q, J = 275.9 Hz), 119.0, 116.6, 111.5 (q, J = 1.9 Hz), 

110.2, 69.9, 68.7, 63.3, 55.2, 21.6, 21.3. 19F NMR (376 MHz, CDCl3) δ -66.64. HPLC analysis: Daicel 
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CHIRALPAK AD-H, n-hexane/i-PrOH = 9/1, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor 

= 6.29 min, tminor = 9.83 min. HRMS (ESI) m/z: calcd for C22H21F3NaO5 [M + Na]+ 445.1239, found: 

445.1233. 

 

Isopropyl (S)-4-((3-methylbenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3da) 

Colorless liquid, 93.7 mg, 77% yield, 92% ee. [α]D
20 = -55.26 (c 0.19, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 7.6, 1.7 Hz, 1H), 7.40 – 7.36 (m, 1H), 

7.27 – 7.23 (m, 1H), 7.21 – 7.14 (m, 2H), 7.10 – 6.99 (m, 3H), 5.84 (s, 1H), 5.21 

(heptet, J = 6.3 Hz, 1H), 4.43 (d, J = 10.5 Hz, 1H), 4.12 (d, J = 10.5 Hz, 1H), 2.30 (s, 

3H), 1.33 (d, J = 6.3 Hz, 3H), 1.31 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 164.6, 150.0, 142.8 (q, J = 39.1 Hz), 138.0, 137.6, 130.1, 129.3, 128.8, 128.5, 128.3, 125.6, 125.1, 

119.1 (q, J = 275.9 Hz), 118.7, 116.8, 111.1, 70.1, 68.5, 67.7, 21.6, 21.3, 21.3. 19F NMR (377 MHz, 

CDCl3) δ -66.66. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 

mL/min, λ = 254 nm, retention time: tmajor = 5.63 min, tminor = 8.73 min. HRMS (ESI) m/z: calcd for 

C22H21F3NaO4 [M + Na]+ 429.1290, found: 429.1284. 

 

Isopropyl (S)-4-((3-methoxybenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ea) 

Colorless liquid, 94.5 mg, 75% yield, 91% ee. [α]D
20 = -43.33 (c 0.18, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.46 (dd, J = 7.7, 1.6 Hz, 1H), 7.40 – 7.37 (m, 1H), 

7.26 – 7.23 (m, 1H), 7.20 (t, J = 8.0 Hz, 2H), 6.91 – 6.75 (m, 3H), 5.84 (s, 1H), 

5.20 (heptet, J = 6.2 Hz, 1H), 4.45 (d, J = 10.8 Hz, 1H), 4.15 (d, J = 10.8 Hz, 1H), 

3.77 (s, 3H), 1.32 (d, J = 6.3 Hz, 3H), 1.30 (d, J = 6.2 Hz, 3H). 13C NMR (126 MHz, 

CDCl3) δ 164.6, 159.7, 150.0, 142.9 (q, J = 37.8 Hz), 139.3, 130.1, 129.34, 129.30, 125.6, 120.2, 119.1 

(q, J = 275.9 Hz), 118.6, 116.8, 113.41, 113.36, 111.1 (q, J = 2.0 Hz), 70.1, 68.5, 67.5, 55.2, 21.6, 21.3. 
19F NMR (470 MHz, CDCl3) δ -66.66. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH 

= 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 7.31 min, tminor = 14.81 min. HRMS 

(ESI) m/z: calcd for C22H21F3NaO5 [M + Na]+ 445.1239, found: 445.1233. 

 

Isopropyl (S)-4-((3-chlorobenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3fa) 

Colorless liquid, 94.9 mg, 74% yield, 89% ee. [α]D
20 = -57.00 (c 0.20, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.46 (dd, J = 7.7, 1.6 Hz, 1H), 7.41 – 7.38 (m, 1H), 

7.30 – 7.17 (m, 5H), 7.12 – 7.07 (m, 1H), 5.85 (s, 1H), 5.21 (heptet, J = 6.3 Hz, 1H), 

4.42 (d, J = 11.0 Hz, 1H), 4.11 (d, J = 11.0 Hz, 1H), 1.33 (d, J = 6.3 Hz, 3H), 1.30 

(d, J = 6.2 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.5, 150.0, 143.0 (q, J = 37.8 

Hz), 139.8, 134.2, 130.3, 129.6, 129.2, 127.9, 127.8, 125.8, 125.7, 119.0 (q, J = 275.9 Hz), 118.3, 116.8, 

110.9 (q, J = 2.5 Hz), 70.2, 68.8, 66.6, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.68. HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, 

retention time: tmajor = 6.00 min, tminor = 9.93 min. HRMS (ESI) m/z: calcd for C22H18ClF3NaO4 [M + 

Na]+ 449.0743, found: 449.0738. 

 

Isopropyl (S)-4-((4-methylbenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ga) 

Colorless liquid, 92.3 mg, 76% yield, 89% ee. [α]D
20 = +43.20 (c 0.25, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.45 (dd, J = 7.8, 1.7 Hz, 1H), 7.39 – 7.36 (m, 1H), 7.25 – 7.22 (m, 1H), 

7.18 (d, J = 8.3 Hz, 1H), 7.13 – 7.09 (m, 4H), 5.81 (s, 1H), 5.20 (heptet, J = 6.2 Hz, 1H), 4.42 (d, J = 
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10.5 Hz, 1H), 4.12 (d, J = 10.5 Hz, 1H), 2.30 (s, 3H), 1.33 – 1.31 (m, 6H). 13C 

NMR (126 MHz, CDCl3) δ 164.7, 150.0, 142.7 (q, J = 39.1 Hz), 137.5, 134.7, 

130.1, 129.3, 129.0, 128.1, 125.6, 119.1 (q, J = 275.9 Hz), 118.7, 116.8, 111.2 (q, 

J = 2.0 Hz), 70.1, 68.4, 67.6, 21.6, 21.3, 21.2. 19F NMR (470 MHz, CDCl3) δ 

-66.66. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, 

flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.90 min, tminor = 

12.50 min. HRMS (ESI) m/z: calcd for C22H21F3NaO4 [M + Na]+ 429.1290, found: 429.1284. 

 

Isopropyl (S)-4-((4-methoxybenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ha) 

Colorless liquid, 97.3 mg, 77% yield, 90% ee. [α]D
20 = -49.55 (c 0.22, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.45 (d, J = 7.7 Hz, 1H), 7.41 – 7.32 (m, 1H), 7.26 – 

7.21 (m, 1H), 7.19 – 7.15 (m, 3H), 6.83 (d, J = 8.2 Hz, 2H), 5.81 (s, 1H), 5.21 (heptet, 

J = 6.2 Hz, 1H), 4.40 (d, J = 10.3 Hz, 1H), 4.10 (d, J = 10.3 Hz, 1H), 3.77 (s, 3H), 

1.34 – 1.32 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 164.7, 159.4, 150.0, 142.7 (q, J 

= 37.8 Hz), 130.1, 129.8, 129.6, 129.3, 125.6, 119.1 (q, J = 275.9 Hz), 118.8, 116.8, 

113.8, 111.2 (q, J = 1.9 Hz), 70.0, 68.3, 67.4, 55.3, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.68. 

HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 

nm, retention time: tmajor = 7.65 min, tminor = 23.50 min. HRMS (ESI) m/z: calcd for C22H21F3NaO5 [M + 

Na]+ 445.1239, found: 445.1233. 
 

Isopropyl (S)-4-([1,1'-biphenyl]-4-ylmethoxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ia) 

Colorless liquid, 97.9 mg, 70% yield, 88% ee. [α]D
20 = -41.93 (c 0.57, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.57 – 7.50 (m, 4H), 7.48 (dd, J = 7.7, 1.7 Hz, 1H), 

7.44 – 7.35 (m, 3H), 7.34 – 7.30 (m, 3H), 7.25 (td, J = 7.5, 1.2 Hz, 1H), 7.22 – 7.16 

(m, 1H), 5.86 (s, 1H), 5.28 – 5.16 (m, 1H), 4.51 (d, J = 10.6 Hz, 1H), 4.20 (d, J = 

10.7 Hz, 1H), 1.34 – 1.31 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 164.7, 150.1, 

142.9 (q, J = 37.4 Hz), 140.9, 140.8, 136.8, 130.2, 129.3, 128.8, 128.5, 127.3, 127.2, 

127.1, 125.7, 119.1 (q, J = 275.7 Hz), 118.6, 116.8, 111.1 (q, J = 2.0 Hz), 70.2, 68.6, 67.3, 21.7, 21.4. 
19F NMR (376 MHz, CDCl3) δ -66.59. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH 

= 7/3, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.58 min, tminor = 16.88 min. HRMS 

(ESI) m/z: calcd for C27H23F3NaO4 [M + Na]+ 491.1446, found: 491.1441. 

 

Isopropyl (S)-4-((4-(dimethylamino)benzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ja) 

Colorless liquid, 91.0 mg, 70% yield, 79% ee. [α]D
20 = -26.25 (c 0.16, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.43 (dd, J = 7.7, 1.7 Hz, 1H), 7.37 – 7.34 (m, 1H), 

7.25 – 7.22 (m, 1H), 7.16 (dd, J = 8.3, 1.0 Hz, 1H), 7.14 – 7.08 (m, 2H), 6.69 – 

6.63 (m, 2H), 5.77 (s, 1H), 5.21 (heptet, J = 6.4 Hz, 1H), 4.38 (d, J = 10.1 Hz, 1H), 

4.09 (d, J = 10.2 Hz, 1H), 2.90 (s, 6H), 1.34 – 1.33 (m, 6H).  13C NMR (126 MHz, 

CDCl3) δ 164.6, 150.5, 150.0, 142.5 (q, J = 37.8 Hz), 129.9, 129.6, 129.4, 125.5, 

125.4, 119.2 (q, J = 275.9 Hz), 119.1, 116.7, 112.5, 111.5 (q, J = 2.5 Hz), 70.0, 68.1, 68.0, 40.6, 21.7, 

21.4. 19F NMR (470 MHz, CDCl3) δ -66.64. HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 7/3, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.12 min, tminor = 

24.05 min. HRMS (ESI) m/z: calcd for C23H24F3NNaO4 [M + Na]+ 458.1555, found: 458.1550. 
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Isopropyl (S)-4-((4-fluorobenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ka) 

Colorless liquid, 91.5 mg, 74% yield, 84% ee. [α]D
20 = -56.58 (c 0.38, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 7.7, 1.7 Hz, 1H), 7.42 – 7.38 (m, 1H), 

7.31 – 7.24 (m, 1H), 7.24 – 7.17 (m, 3H), 7.02 – 6.93 (m, 2H), 5.83 (s, 1H), 5.20 

(heptet, J = 6.2 Hz, 1H), 4.42 (d, J = 10.6 Hz, 1H), 4.11 (d, J = 10.6 Hz, 1H), 1.33 

– 1.29 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 164.6, 162.4 (d, J = 246.4 Hz), 

150.0, 142.9 (q, J = 38.4 Hz), 133.5 (d, J = 4.0 Hz), 130.2, 129.8 (d, J = 8.1 Hz), 

129.2, 125.7, 119.0 (q, J = 276.7 Hz), 118.5, 117.7, , 115.2 (d, J = 21.2 Hz), 110.9 (q, J = 2.0 Hz), 70.1, 

68.6, 66.7, 21.6, 21.3. 19F NMR (377 MHz, CDCl3) δ -66.70 (s, 3F), -114.57 – -114.72 (m, 1F). HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, 

retention time: tmajor = 6.00 min, tminor = 11.68 min. HRMS (ESI) m/z: calcd for C21H18F4NaO4 [M + 

Na]+ 433.1039, found: 433.1033. 

 

 

Isopropyl (S)-4-((4-chlorobenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3la) 

Colorless liquid, 99.0 mg, 77% yield, 90% ee. [α]D
20 = -53.68 (c 0.19, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.45 (dd, J = 7.8, 1.6 Hz, 1H), 7.41 – 7.38 (m, 1H), 

7.28 – 7.22 (m, 3H), 7.22 – 7.13 (m, 3H), 5.84 (s, 1H), 5.20 (heptet, J = 6.3 Hz, 

1H), 4.42 (d, J = 10.9 Hz, 1H), 4.11 (d, J = 10.9 Hz, 1H), 1.32 (d, J = 6.3 Hz, 3H), 

1.29 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.5, 150.0, 143.0 (q, J = 

39.1 Hz), 136.3, 133.5, 130.2, 129.24, 129.20, 128.5, 125.7, 119.0 (q, J = 275.9 

Hz), 118.4, 116.8, 110.9 (q, J = 1.7 Hz), 70.1, 68.7, 66.6, 21.6, 21.3. 19F NMR (370 MHz, CDCl3) δ 

-66.68. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, 

λ = 254 nm, retention time: tmajor = 6.24 min, tminor = 13.01 min. HRMS (ESI) m/z: calcd for 

C21H18ClF3NaO4 [M + Na]+ 449.0743, found: 449.0738. 

 

 

Isopropyl (S)-2-(trifluoromethyl)-4-((4-(trifluoromethyl)benzyl)oxy)-4H-chromene-3-carboxylate 

(3ma) 

Colorless liquid, 99.9 mg, 72% yield, 85% ee. [α]D
20 = -52.96 (c 0.44, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 7.47 (dd, J = 7.7, 1.7 Hz, 

1H), 7.43 – 7.39 (m, 1H), 7.38 – 7.32 (m, 2H), 7.28 (dd, J = 7.5, 1.2 Hz, 1H), 7.21 

(dd, J = 8.4, 1.2 Hz, 1H), 5.88 (s, 1H), 5.19 (heptet, J = 6.3 Hz, 1H), 4.51 (d, J = 

11.4 Hz, 1H), 4.20 (d, J = 11.4 Hz, 1H), 1.32 (d, J = 6.3 Hz, 3H), 1.28 (d, J = 6.3 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 164.5, 150.0, 143.1 (q, J = 37.4 Hz), 141.8 

(q, J = 2.0 Hz), 130.3, 129.9 (q, J = 32.3 Hz), 129.2, 127.8, 125.8, 125.2 (q, J = 3.0 Hz), 124.1 (q, J = 

273.7 Hz), 119.0 (q, J = 275.7 Hz), 118.2, 116.9, 110.7 (q, J = 2.0 Hz), 70.2, 68.9, 66.4, 21.6, 21.3. 19F 

NMR (377 MHz, CDCl3) δ -62.58 (s, 3F), -66.71 (s, 3F). HPLC analysis: Daicel CHIRALPAK AD-H, 

n-hexane/i-PrOH = 7/3, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 4.59 min, tminor = 

6.48 min. HRMS (ESI) m/z: calcd for C22H18F6NaO4 [M + Na]+ 483.1007, found: 483.1002. 
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Isopropyl (S)-4-((4-cyanobenzyl)oxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3na) 

Colorless liquid, 63.4 mg, 51% yield, 83% ee. [α]D
20 = -32.31 (c 0.13, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.63 – 7.55 (m, 2H), 7.50 – 7.38 (m, 2H), 7.38 – 

7.31 (m, 2H), 7.31 – 7.25 (m, 1H), 7.25 – 7.20 (m, 1H), 5.89 (s, 1H), 5.19 (heptet, 

J = 6.2 Hz, 1H), 4.51 (d, J = 11.9 Hz, 1H), 4.19 (d, J = 11.9 Hz, 1H), 1.32 (d, J = 

6.3 Hz, 3H), 1.27 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.4, 150.0, 

143.28, 143.26 (q, J = 37.8 Hz), 132.1, 130.4, 129.1, 128.0, 125.8, 119.0 (q, J = 

274.7 Hz), 118.8, 118.0, 116.9, 111.4, 110.6 (q, J = 2.5 Hz), 70.2, 69.0, 66.2, 21.6, 21.3. 19F NMR (376 

MHz, CDCl3) δ -66.68. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow 

rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 12.06 min, tminor = 27.60 min. HRMS (ESI) m/z: 

calcd for C22H18F3NNaO4 [M + Na]+ 440.1086, found: 440.1080. 

 

Isopropyl (S)-4-(naphthalen-2-ylmethoxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3oa) 

Colorless liquid, 103.8 mg, 78% yield, 90% ee. [α]D
20 = -49.49 (c 0.59, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.82 – 7.73 (m, 3H), 7.68 (d, J = 1.6 Hz, 1H), 7.53 – 

7.41 (m, 3H), 7.40 – 7.34 (m, 2H), 7.29 – 7.16 (m, 2H), 5.89 (s, 1H), 5.25 – 5.16 (m, 

1H), 4.63 (d, J = 10.9 Hz, 1H), 4.33 (d, J = 10.9 Hz, 1H), 1.32 (d, J = 6.3 Hz, 3H), 

1.29 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 164.7, 150.1, 142.9 (q, J = 

38.4 Hz), 135.2, 133.3, 133.0, 130.2, 129.3, 128.1, 127.9, 127.7, 126.7, 126.1, 126.0, 

125.9, 125.7, 119.1 (q, J = 276.7 Hz), 118.6, 116.8, 111.2 (q, J = 1.9 Hz), 70.1, 68.7, 67.8, 21.7, 21.4. 
19F NMR (377 MHz, CDCl3) δ -66.59. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH 

= 7/3, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 5.45 min, tminor = 13.96 min. HRMS 

(ESI) m/z: calcd for C25H21F3NaO4 [M + Na]+ 465.1290, found: 465.1284. 

 

Isopropyl (S)-4-(furan-2-ylmethoxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3pa) 

Colorless liquid, 83.8 mg, 73% yield, 90% ee. [α]D
20 = -42.50 (c 0.12, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.40 – 7.37 (m, 3H), 7.26 – 7.22 (m, 1H), 7.19 – 7.17 

(m, 1H), 6.31 – 6.30 (m, 1H), 6.28 – 6.21 (m, 1H), 5.79 (s, 1H), 5.21 (heptet, J = 

6.3 Hz, 1H), 4.46 (d, J = 12.2 Hz, 1H), 4.23 (d, J = 12.1 Hz, 1H), 1.34 (d, J = 6.3 

Hz, 3H), 1.33 (d, J = 6.3 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.6, 151.3, 

149.9, 142.93 (q, J = 39.1 Hz), 142.85, 130.1, 129.3, 125.7, 119.0 (q, J = 275.9 Hz), 118.6, 116.8, 111.0 

(q, J = 2.5 Hz), 110.4, 109.5, 70.1, 68.2, 60.3, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.66. HPLC 

analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, 

retention time: tmajor = 6.48 min, tminor = 15.21 min. HRMS (ESI) m/z: calcd for C19H17F3NaO5 [M + 

Na]+ 405.0926, found: 405.0920. 

 

Isopropyl (S)-4-(benzo[b]thiophen-3-ylmethoxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate 

(3qa) 

Colorless liquid, 85.1 mg, 63% yield, 87% ee. [α]D
20 = -34.67 (c 0.15, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 7.7 Hz, 1H), 7.68 (d, J = 7.5 Hz, 1H), 

7.48 (d, J = 7.7 Hz, 1H), 7.42 – 7.36 (m, 1H), 7.33 – 7.22 (m, 3H), 7.19 (d, J = 8.3 

Hz, 1H), 7.12 (s, 1H), 5.88 (s, 1H), 5.22 (heptet, J = 6.3 Hz, 1H), 4.74 (d, J = 11.8 

Hz, 1H), 4.44 (d, J = 11.9 Hz, 1H), 1.34 – 1.32 (m, 6H). 13C NMR (126 MHz, 

CDCl3) δ 164.5, 150.0, 143.1 (q, J = 37.8 Hz), 141.4, 140.3, 139.4, 130.3, 129.4, 
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125.8, 124.3, 124.2, 123.5, 122.7, 122.4, 119.1 (q, J = 275.9 Hz), 118.3, 116.8, 110.9 (q, J = 2.1 Hz), 

70.3, 68.6, 63.0, 21.7, 21.4. 19F NMR (470 MHz, CDCl3) δ -66.62. HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 7/3, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor 

= 5.68 min, tminor = 22.81 min. HRMS (ESI) m/z: calcd for C23H19F3NaO4S [M + Na]+ 471.0854, found: 

471.0848. 

 

Tert-butyl (S)-3-(((3-(isopropoxycarbonyl)-2-(trifluoromethyl)-4H-chromen-4-yl)oxy)methyl)-1H 

-indole-1-carboxylate (3ra) 

Colorless liquid, 98.6 mg, 62% yield, 93% ee. [α]D
20 = -14.15 (c 0.15, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.3 Hz, 1H), 7.51 – 7.42 (m, 3H), 7.41 – 

7.37 (m, 1H), 7.32 – 7.23 (m, 2H), 7.23 – 7.16 (m, 2H), 5.85 (s, 1H), 5.20 (heptet, J 

= 6.3 Hz, 1H), 4.62 (dd, J = 11.0, 0.8 Hz, 1H), 4.36 (dd, J = 11.1, 1.0 Hz, 1H), 1.65 

(s, 9H), 1.33 – 1.29 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 164.6, 150.1, 149.5, 

143.1 (q, J = 38.4 Hz), 135.6, 130.1, 129.5, 129.3, 125.6, 124.8, 124.5, 122.6, 119.4, 

118.60, 118.55 (q, J = 275.7 Hz), 117.1, 116.7, 115.2, 111.0 (q, J = 2.0 Hz), 83.6, 70.1, 68.3, 59.4, 28.1, 

21.6, 21.3. 19F NMR (377 MHz, CDCl3) δ -66.50. HPLC analysis: Daicel CHIRALPAK OD-H, 

n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 6.53 min, tminor = 

5.55 min. HRMS (ESI) m/z: calcd for C28H28F3NNaO6 [M + Na]+ 554.1766, found: 554.1758. 

 

Isopropyl (S)-4-(cyclohexylmethoxy)-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3sa) 

Colorless liquid, 89.9 mg, 75% yield, 87% ee. [α]D
20 = -56.07 (c 0.28, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.44 (dd, J = 7.7, 1.7 Hz, 1H), 7.38 – 7.34 (m, 1H), 

7.29 – 7.21 (m, 1H), 7.15 (dd, J = 8.3, 1.2 Hz, 1H), 5.69 (s, 1H), 5.19 (heptet, J = 

6.3 Hz, 1H), 3.22 (dd, J = 8.4, 6.2 Hz, 1H), 2.90 (dd, J = 8.4, 6.4 Hz, 1H), 1.74 – 

1.57 (m, 5H), 1.50 – 1.42 (m, 1H), 1.34 – 1.33 (m, 6H), 1.27 – 1.02 (m, 3H), 0.99 – 

0.73 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 164.7, 149.8, 142.3 (q, J = 37.4 Hz), 129.8, 129.1, 125.4, 

119.1 (q, J = 275.7 Hz), 119.0, 116.6, 111.3 (q, J = 2.0 Hz), 71.3, 69.9, 68.5, 38.1, 30.03, 30.02, 26.5, 

25.82, 25.79, 21.6, 21.3. 19F NMR (377 MHz, CDCl3) δ -66.66. HPLC analysis: Daicel CHIRALPAK 

AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 4.90 min, 

tminor = 7.68 min. HRMS (ESI) m/z: calcd for C21H25F3NaO4 [M + Na]+ 421.1603, found: 421.1597. 

 

Isopropyl (S)-4-isopropoxy-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ta) 

Colorless liquid, 54.8 mg, 53% yield, 92% ee. [α]D
20 = -48.95 (c 0.19, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.45 (dd, J = 7.7, 1.6 Hz, 1H), 7.37 – 7.34 (m, 1H), 

7.25 – 7.22 (m, 1H), 7.17 (dd, J = 8.3, 1.2 Hz, 1H), 5.60 (s, 1H), 5.20 (heptet, J = 

6.3 Hz, 1H), 3.85 (heptet, J = 6.1 Hz, 1H), 1.35 (d, J = 6.3 Hz, 3H), 1.34 (d, J = 6.3 

Hz, 3H), 1.17 (d, J = 6.1 Hz, 3H), 1.03 (d, J = 6.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 165.0, 149.7, 

142.5 (q, J = 37.8 Hz), 129.7, 129.3, 125.3, 120.2, 119.2 (q, J = 275.9 Hz), 116.8, 112.1 (q, J = 2.0 Hz), 

70.0, 69.9, 67.3, 23.3, 23.0, 21.6, 21.3. 19F NMR (470 MHz, CDCl3) δ -66.42. HPLC analysis: Daicel 

CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 mL/min, λ = 254 nm, retention time: 

tmajor = 6.32 min, tminor = 8.67 min. HRMS (ESI) m/z: calcd for C17H19F3NaO4 [M + Na]+ 367.1133, 

found: 367.1128. 
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Isopropyl (S)-4-butoxy-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3ua) 

Colorless liquid, 64.7 mg, 60% yield, 88% ee. [α]D
20 = -51.52 (c 0.33, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.46 (dd, J = 7.7, 1.7 Hz, 1H), 7.38 – 7.35 (m, 1H), 

7.26 – 7.22 (m, 1H), 7.16 (dd, J = 8.2, 1.2 Hz, 1H), 5.69 (s, 1H), 5.20 (heptet, J = 

6.3 Hz, 1H), 3.44 – 3.39 (m, 1H), 3.12 – 3.08 (m, 1H), 1.50 – 1.41 (m, 2H), 1.34 – 

1.33 (m, 6H), 1.30 – 1.26 (m, 2H), 0.84 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, 

CDCl3) δ 164.7, 149.9, 142.4 (q, J = 37.8 Hz), 129.8, 129.1, 125.4, 119.1 (q, J = 275.9 Hz), 119.0, 

116.6, 111.3 (q, J = 2.0 Hz), 69.8, 68.5, 65.3, 31.9, 21.6, 21.3, 19.2, 13.8. 19F NMR (470 MHz, CDCl3) 

δ -66.74. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, flow rate = 0.8 

mL/min, λ = 254 nm, retention time: tmajor = 4.82 min, tminor = 9.03 min. HRMS (ESI) m/z: calcd for 

C18H21F3NaO4 [M + Na]+ 381.1290, found: 381.1284. 

 

Isopropyl (S)-4-(3-bromopropoxy)-8-methoxy-2-(trifluoromethyl)-4H-chromene-3-carboxylate (3rv) 

Colorless liquid, 85.4 mg, 63% yield, 90% ee. [α]D
20 = -50.67 (c 0.63, CH2Cl2).  

1H NMR (400 MHz, CDCl3) δ 7.17 (t, J = 8.0 Hz, 1H), 7.00 (dd, J = 7.9, 1.4 Hz, 

1H), 6.92 (dd, J = 8.1, 1.4 Hz, 1H), 5.67 (s, 1H), 5.19 (heptet, J = 6.3 Hz, 1H), 3.89 

(s, 3H), 3.54 – 3.47 (m, 1H), 3.41 – 3.36 (m, 2H), 3.25 – 3.20 (m, 1H), 2.06 – 1.91 

(m, 2H), 1.33 (d, J = 1.6 Hz, 3H), 1.32 (d, J = 1.6 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 164.5, 147.9, 142.9 (q, J = 38.4 Hz), 139.8, 125.4, 120.0, 119.4, 119.1 (q, 

J = 275.7 MHz), 112.0, 110.6 (q, J = 2.0 Hz), 70.0, 68.6, 62.8, 56.2, 32.9, 30.3, 21.6, 21.3. 19F NMR 

(377 MHz, CDCl3) δ -66.23. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 95/5, 

flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 11.30 min, tminor = 6.84 min. HRMS 

(ESI) m/z: calcd for C18H20BrF3NaO5 [M + Na]+ 475.0344, found: 475.0331. 

 

Isopropyl 1-hydroxy-3-((3-methylbenzyl)oxy)-1-(trifluoromethyl)-1H-indene-2-carboxylate (4da) 

Colorless liquid, 54.1 mg, 67% yield. 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 

7.35 (ddd, J = 8.3, 7.4, 1.7 Hz, 1H), 7.28 (dd, J = 7.6, 1.7 Hz, 1H), 7.23 – 7.13 (m, 

3H), 7.11 – 6.94 (m, 3H), 5.19 (heptet, J = 6.3 Hz, 1H), 4.64 (s, 2H), 2.32 (s, 3H), 

1.31 (d, J = 6.3 Hz, 3H), 1.27 (d, J = 6.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

163.3, 153.0, 141.5, 137.9, 136.4, 133.2, 129.2, 128.6, 128.5, 128.2, 124.8, 122.5, 

121.6 (J = 289.9 Hz) 117.5, 116.8, 115.6, 99.8 (J = 33.3 Hz), 69.3, 66.6, 21.7, 21.6, 

21.4. 19F NMR (377 MHz, CDCl3) δ -82.25. HRMS (ESI) m/z: calcd for C22H21F3NaO4 [M + Na]+ 

429.1290, found: 429.1284. 

 

Isopropyl (S)-4-(3-(3-bromo-5-nitrophenyl)propoxy)-8-methoxy-2-(trifluoromethyl)-4H-chromene- 

3-carboxylate (4rv) 

White solid, mp 91 – 92 oC, 91.7 mg, 80% yield, 93% ee. [α]D
20 = -62.07 (c 0.64, 

CH2Cl2).
1H NMR (500 MHz, CDCl3) δ 7.93 (t, J = 1.9 Hz, 1H), 7.56 (t, J = 2.2 Hz, 

1H), 7.25 (t, J = 2.0 Hz, 1H), 7.04 (t, J = 8.0 Hz, 1H), 6.93 (dd, J = 8.0, 1.5 Hz, 1H), 

6.88 (dd, J = 8.2, 1.5 Hz, 1H), 5.70 (s, 1H), 5.19 (heptet, J = 6.3 Hz, 1H), 4.03 – 

3.96 (m, 2H), 3.91 (s, 3H), 3.57 – 3.53 (m, 1H), 3.28 – 3.24 (m, 1H), 1.97 – 1.93 (m, 

2H), 1.33 – 1.31 (m, 6H). 13C NMR (126 MHz, CDCl3) δ 164.5, 159.9, 149.4, 147.9, 

143.1 (q, J = 37.8 Hz), 140.0, 125.3, 124.2, 122.8, 119.9, 119.3, 119.0 (q, J = 275.9 

Hz), 118.7, 111.9, 110.5 (q, J = 2.5 Hz), 108.3, 70.0, 68.6, 65.7, 60.6, 56.2, 29.1, 21.6, 21.3. 19F NMR 
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(470 MHz, CDCl3) δ -66.25. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 7/3, 

flow rate = 0.8 mL/min, λ = 254 nm, retention time: tmajor = 6.30 min, tminor = 8.44 min. HRMS (ESI) 

m/z: calcd for C24H23BrF3NNaO7 [M + Na]+ 590.0637, found: 590.0624. 

 

Isopropyl (S)-4-(3-(1,3-dioxoisoindolin-2-yl)propoxy)-8-methoxy-2-(trifluoromethyl)-4H-chromene- 

3-carboxylate (5rv) 

Colorless liquid, 77.8 mg, 75% yield, 86% ee. [α]D
20 = -37.45 (c 0.41, CH2Cl2). 

1H NMR (500 MHz, CDCl3) δ 7.81 – 7.77 (m, 2H), 7.69 – 7.67 (m, 2H), 7.15 (t, J = 

8.0 Hz, 1H), 7.03 (dd, J = 7.9, 1.4 Hz, 1H), 6.90 (dd, J = 8.1, 1.4 Hz, 1H), 5.67 (s, 

1H), 5.17 (heptet, J = 6.3 Hz, 1H), 3.89 (s, 3H), 3.75 – 3.62 (m, 2H), 3.48 – 3.44 (m, 

1H), 3.19 – 3.14 (m, 1H), 1.87 – 1.82 (m, 2H), 1.33 (d, J = 1.6 Hz, 3H), 1.32 (d, J = 

1.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 168.2, 164.6, 147.8, 142.8 (q, J = 37.8 

Hz), 139.9, 133.8, 132.2, 125.3, 123.1, 120.3, 119.4, 119.1 (q, J = 274.7 Hz), 111.9, 

110.7 (q, J = 2.5 Hz), 69.9, 68.6, 62.8, 56.2, 35.6, 28.7, 21.6, 21.3. 19F NMR (470 

MHz, CDCl3) δ -66.30. HPLC analysis: Daicel CHIRALPAK AD-H, n-hexane/i-PrOH = 7/3, flow rate 

= 0.8 mL/min, λ = 254 nm, retention time: tmajor = 12.32 min, tminor = 8.76 min. HRMS (ESI) m/z: calcd 

for C26H24F3NNaO5 [M + Na]+ 542.1403, found: 542.1396. 

 

 

 

7. Reference 

1. L. C. Rao, N. S. Kumar, N. J. Babu, H. M. Meshram, New J. Chem., 2015, 39, 7164-7171. 

2. I. Gorokhovik, L. Neuville, J. Zhu, Org. Lett., 2011, 13, 5536-5539. 

3. Y.-W. Wang, Q. Wang, L. Wu, K.-P. Jia, M.-Y. Wang, Y.-A. Qiu, Nat. Commun., 2014, 15, 2780 

 

 

 



S21 
 

8. Copy of NMR spectra for the products 
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