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1. General remarks  

All reactions and manipulations which are sensitive to moisture or air were 

performed in an argon-filled glove box or using standard Schlenk techniques. 

Anhydrous iPrOH, EtOH, CH2Cl2, THF, dioxane, EtOAc, hexane and toluene 

purchased from J&K were treated with bubbled argon before used; anhydrous toluene 

was prepared by treating the commercially available toluene with Na and distillation. 

K2CO3, Cs2CO3, NaOH, NaOtBu, KOtBu and LiOtBu was purchased from Sinopharm 

Chemical Reagent Co., Ltd. 1H, 13C and 19F NMR spectra were recorded with a Bruker 

ADVANCE III (400 MHz) spectrometer with CDCl3 or D2O as the solvent. NMR 

chemical shifts are listed in ppm relative to CHCl3 (7.26 ppm for 1H, and 77.0 ppm for 

13C) or H2O (4.79 ppm for 1H). Data are reported as: multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet), coupling constant in hertz (Hz) and 

signal area integration in natural numbers. 13C NMR analyses were run with decoupling. 

HPLC analyses were performed by Agilent 1290 UPLC using Daicel chiral column, the 

racemates of products were prepared by reduction of the substrates with NaBH4. 
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2. General procedure for the preparation of substrate 

compounds 

Synthesis of Compounds 1a−1q.  

 

According to the reported procedure,[1] to a 50 mL-round-bottom flask fitted with a 

stirrer and a condenser and set under argon were added ketone (4.0 mmol, 1.0 equiv), 

SelectFluor (1.70 g, 4.8 mmol, 1.2 equiv), MeOH (7 mL), and conc. H2SO4 (20 μL, 0.4 

mmol, 0.1 equiv). The resulting suspension was heated at 50 °C (oil bath) for 24−72 h 

(completion of the reaction was monitored by TLC; petroleum ether/ ethyl acetate 

80:20). After the reaction mixture was cooled, the slurry was diluted with 3 mL of 

methanol and filtered. The obtained solid was washed with MeOH (2 × 3 mL), and the 

filtrate was concentrated under reduced pressure. The resulting mixture was dissolved 

in CH2Cl2 (20 mL), washed with brine, dried over MgSO4, filtered, and concentrated 

under reduced pressure. The crude product was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate from 95:5 to 85:15) to yield 

1a−1r as a white crystalline solid. 

 

 

3-Fluorochroman-4-one (1a):[1a] White solid, 7.5 g, 90% yield. 1H NMR (400 MHz, 

CDCl3): δ 7.91 (dd, J = 7.9, 1.8 Hz, 1H), 7.53 (ddd, J = 8.7, 7.2, 1.8 Hz, 1H), 7.08 (t, J 

= 7.5 Hz, 1H), 7.00 (d, J = 8.4 Hz, 1H), 5.16 (ddd, J = 47.0, 9.2, 4.7 Hz, 1H), 4.70-4.47 

(m, 2H). 19F NMR (376 MHz, CDCl3): δ -204.05 (ddd, J = 47.0, 15.9, 7.5 Hz). 
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3,7-Difluorochroman-4-one (1b):[1b] White solid, 200 mg, 72% yield. 1H NMR (400 

MHz, CDCl3): δ 7.95 (dd, J = 8.8, 6.5 Hz, 1H), 6.82 (ddd, J = 8.8, 8.0, 2.4 Hz, 1H), 

6.71 (dd, J = 9.6, 2.4 Hz, 1H), 5.13 (ddd, J = 46.9, 8.5, 4.7 Hz, 1H), 4.75-4.40 (m, 2H). 

19F NMR (376 MHz, CDCl3): δ -98.49 (m), -203.59 (ddd, J = 46.9, 17.3, 8.5 Hz). 

 

 

3,8-Difluorochroman-4-one (1c):[2] White solid, 193 mg, 70% yield. 1H NMR (400 

MHz, CDCl3): δ 7.71 (dt, J = 8.0, 1.5 Hz, 1H), 7.35 (ddd, J = 10.5, 8.0, 1.6 Hz, 1H), 

7.04 (td, J = 8.0, 4.3 Hz, 1H), 5.19 (ddd, J = 46.8, 8.9, 4.6 Hz, 1H), 4.93-4.45 (m, 2H). 

19F NMR (376 MHz, CDCl3): δ -134.31 (dd, J = 10.1, 4.5 Hz), -203.63 (ddd, J = 47.2, 

17.1, 7.9 Hz). 

 

 

6-Chloro-3-fluorochroman-4-one (1d):[1b] White solid, 480 mg, 80% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.87 (d, J = 2.7 Hz, 1H), 7.47 (dd, J = 8.9, 2.7 Hz, 1H), 6.98 (d, 

J = 8.9 Hz, 1H), 5.14 (ddd, J = 46.9, 8.8, 4.7 Hz, 1H), 4.77-4.48 (m, 2H). 19F NMR 

(376 MHz, CDCl3): δ -203.73 (ddd, J = 47.2, 17.4, 8.4 Hz). 

 

 

7-Chloro-3-fluorochroman-4-one (1e):[2] White solid, 213 mg, 76% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.84 (d, J = 8.4 Hz, 1H), 7.10-6.93 (m, 2H), 5.13 (ddd, J = 46.9, 
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8.7, 4.6 Hz, 1H), 4.70-4.42 (m, 2H). 19F NMR (376 MHz, CDCl3): -203.50 (ddd, J = 

46.6, 16.9, 8.3 Hz). 

 

 

7-Bromo-3-fluorochroman-4-one (1f):[3] White solid, 200 mg, 75% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.77 (d, J = 8.9 Hz, 1H), 7.25-7.20 (m, 2H), 5.13 (ddd, J = 46.9, 

8.7, 4.7 Hz, 1H), 4.75-4.47 (m, 2H). 19F NMR (376 MHz, CDCl3): δ -203.50 (ddd, J = 

46.4, 17.5, 7.9 Hz). 

 

 

6-Bromo-3-fluorochroman-4-one (1g):[2] White solid, 430 mg, 68% yield. 1H NMR 

(400 MHz, CDCl3): δ 8.20-7.89 (m, 1H), 7.70-7.46 (m, 1H), 6.99-6.85 (m, 1H), 5.26-

4.92 (m, 1H), 4.76-4.44 (m, 2H). 19F NMR (376 MHz, CDCl3): δ -203.71 (m). 

 

 

3-Fluoro-7-nitrochroman-4-one (1h):[3] White solid, 430 mg, 78% yield. 1H NMR (400 

MHz, CDCl3): δ 8.80 (d, J = 2.8 Hz, 1H), 8.39 (dd, J = 9.2, 2.8 Hz, 1H), 7.18 (d, J = 

9.2 Hz, 1H), 5.30-5.03 (m, 1H), 4.80-4.71 (m, 2H). 19F NMR (376 MHz, CDCl3): δ -

202.73 (ddd, J = 46.0, 16.4, 11.9 Hz). 
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3-Fluoro-6-methylchroman-4-one (1i):[1b] White solid, 405 mg, 75% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.70 (s, 1H), 7.34 (d, J = 8.5 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 

5.14 (dddd, J = 47.1, 9.3, 4.7, 2.5 Hz, 1H), 4.72-4.34 (m, 2H), 2.32 (s, 3H). 19F NMR 

(376 MHz, CDCl3): δ -204.07 (ddd, J = 47.2, 16.5, 7.4 Hz). 

 

 

3-Fluoro-6-methoxychroman-4-one (1j):[3] White solid, 178 mg, 65% yield. 1H NMR 

(400 MHz, CDCl3): δ 7.31 (d, J = 3.2 Hz, 1H), 7.14 (dd, J = 9.1, 3.2 Hz, 1H), 6.95 (d, 

J = 9.1 Hz, 1H), 5.14 (ddd, J = 47.0, 9.1, 4.7 Hz, 1H), 4.74-4.41 (m, 2H), 3.81 (s, 3H). 

19F NMR (376 MHz, CDCl3): δ -203.86 (ddd, J = 47.2, 16.8, 8.1 Hz). 

 

 

2-Fluoro-3,4-dihydronaphthalen-1(2H)-one (1k):[1b] Colourless crystal, 697 mg, 85% 

yield. 1H NMR (400 MHz, CDCl3): δ 8.07 (dd, J = 7.8, 1.4 Hz, 1H), 7.53 (td, J = 7.5, 

1.5 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.27 (d, J = 7.7 Hz, 1H), 5.15 (ddd, J = 47.9, 12.7, 

5.1 Hz, 1H), 3.13 (dd, J = 9.5, 4.1 Hz, 2H), 2.58 (dddt, J = 12.5, 10.3, 5.1, 4.2 Hz, 1H), 

2.36 (tddd, J = 12.6, 9.3, 7.8, 6.7 Hz, 1H). 19F NMR (376 MHz, CDCl3): δ -190.32 (dt, 

J = 48.1, 9.1 Hz). 

 

 

2-Fluoro-2,3-dihydro-1H-inden-1-one (1l):[1b] Colourless crystal, 2.8 g, 92% yield. 1H 

NMR (400 MHz, CDCl3): δ 7.80 (d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.5 Hz, 1H), 7.46 (d, 

J = 7.7 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 5.27 (ddd, J = 51.1, 7.8, 4.4 Hz, 1H), 3.63 (dt, 
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J = 16.9, 7.5 Hz, 1H), 3.23 (ddd, J = 22.2, 16.9, 4.4 Hz, 1H). 19F NMR (376 MHz, 

CDCl3): δ -193.99 (ddd, J = 51.1, 23.9, 7.2 Hz). 

 

 

7-Bromo-2-fluoro-3,4-dihydronaphthalen-1(2H)-one (1m):[1b] Colourless crystal, 968 

mg, 80% yield. 1H NMR (400 MHz, CDCl3): δ 8.18 (dt, J = 5.5, 2.3 Hz, 1H), 7.63 (ddd, 

J = 8.2, 3.0, 1.7 Hz, 1H), 7.16 (d, J = 8.2 Hz, 1H), 5.14 (dddt, J = 47.7, 12.6, 5.1, 1.2 

Hz, 1H), 3.21-3.03 (m, 2H), 2.67-2.49 (m, 1H), 2.42-2.22 (m, 1H). 19F NMR (376 MHz, 

CDCl3): δ -190.70 (ddd, J = 48.3, 11.2, 6.9 Hz). 

 

 

6-Chloro-2-fluoro-3,4-dihydronaphthalen-1(2H)-one (1n):[4] Colourless crystal, 842 

mg, 85% yield. 1H NMR (400 MHz, CDCl3): δ 8.00 (d, J = 8.4 Hz, 1H), 7.33 (dd, J = 

8.4, 2.0 Hz, 1H), 7.28 (br, 1H), 5.12 (ddd, J = 47.7, 12.5, 5.1 Hz, 1H), 3.21-2.99 (m, 

2H), 2.66-2.49 (m, 1H), 2.44-2.24 (m, 1H). 19F NMR (376 MHz, CDCl3): δ -190.70 

(ddd, J = 48.3, 11.2, 6.9 Hz). 

 

 

2-Fluoro-7-methoxy-3,4-dihydronaphthalen-1(2H)-one (1o):[5] Colourless crystal, 737 

mg, 76% yield. 1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 2.8 Hz, 1H), 7.18 (d, J = 

8.5 Hz, 1H), 7.10 (dd, J = 8.5, 2.8 Hz, 1H), 5.13 (ddd, J = 47.9, 12.8, 5.1 Hz, 1H), 3.85 

(s, 3H), 3.06 (dd, J = 9.4, 4.2 Hz, 2H), 2.63-2.49 (m, 1H), 2.43-2.26 (m, 1H). 19F NMR 

(376 MHz, CDCl3): δ -190.41 (m). 
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2-Fluoro-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (1p):[5] Colourless crystal, 819 

mg, 84% yield. 1H NMR (400 MHz, CDCl3): δ 8.04 (d, J = 8.8 Hz, 1H), 6.87 (dd, J = 

8.8, 2.5 Hz, 1H), 6.70 (d, J = 2.5 Hz, 1H), 5.09 (ddd, J = 48.0, 12.4, 5.1 Hz, 1H), 3.86 

(s, 3H), 3.08 (dd, J = 9.2, 4.2 Hz, 2H), 2.61-2.47 (m, 1H), 2.41-2.24 (m, 1H). 19F NMR 

(376 MHz, CDCl3): δ -190.37 (ddd, J = 47.7, 10.2, 6.7 Hz). 

 

 

2-Fluoro-5-methoxy-3,4-dihydronaphthalen-1(2H)-one (1q):[1a] Colourless crystal, 719 

mg, 74% yield. 1H NMR (400 MHz, CDCl3): δ 7.65 (dd, J = 7.9, 1.1 Hz, 1H), 7.32 (t, 

J = 8.0 Hz, 1H), 7.05 (dd, J = 8.1, 1.0 Hz, 1H), 5.15 (ddd, J = 48.3, 13.1, 5.2 Hz, 1H), 

3.87 (s, 3H), 3.27 (dtd, J = 18.0, 4.9, 3.3 Hz, 1H), 2.95-2.70 (m, 1H), 2.65-2.50 (m, 1H), 

2.39-2.18 (m, 1H). 19F NMR (376 MHz, CDCl3): δ -191.03 (ddt, J = 47.3, 10.2, 5.4 Hz). 

 

Synthesis of Compounds 1r−1x.  

 

According to the reported procedure,[6] a MeOH solution (100 mL) containing ketone 

(10 mmol), thiourea (15 mg, 0.2 mmol), and N-chlorosuccinimide (1.60 g, 12 mmol) 

was heated by oil bath under N2 atmosphere at 35 °C, for 3 h. The solution was 

concentrated under a reduced pressure, then AcOEt (50 mL) and H2O (20 mL) were 

added and stirred for 10 min. The organic layer was separated, and the aqueous phase 

was extracted with AcOEt (2 × 50 mL). The combined organic portions were dried over 
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MgSO4 and concentrated to give a crude product. Purification by silica gel column 

chromatography (eluent: Hexane/AcOEt = 5/1) gave the product 1r−1x. 

 

 

3,6-Dichlorochroman-4-one (1r): White solid, 480 mg, 45% yield. 1H NMR (400 MHz, 

CDCl3): δ 7.89 (d, J = 2.6 Hz, 1H), 7.48 (dd, J = 8.9, 2.7 Hz, 1H), 7.00 (d, J = 8.8 Hz, 

1H), 4.67 (dd, J = 11.4, 3.1 Hz, 1H),4.61-4.50 (m, 2H). 13C NMR (100 MHz, CDCl3): 

δ 184.5, 159.4, 136.8, 128.0, 127.4, 119.9, 119.8, 71.2, 54.8. HRMS (ESI/ion trap): m/z 

[M + H ]+ calcd for C9H7Cl2O2 216.9823, found 216.9814. 

 

 

2-Chloro-3,4-dihydronaphthalen-1(2H)-one (1s):[6] Light yellow liquid, 5.8 g, 95% 

yield. 1H NMR (400 MHz, CDCl3): δ 8.07 (dd, J = 7.9, 1.4 Hz, 1H), 7.51 (td, J = 7.5, 

1.5 Hz, 1H), 7.33 (td, J = 7.6, 1.1 Hz, 1H), 7.26 (d, J = 7.7 Hz, 1H), 4.62 (dd, J = 7.8, 

3.9 Hz, 1H), 3.27 (ddd, J = 17.1, 8.0, 4.6 Hz, 1H), 2.98 (ddd, J = 17.1, 7.0, 4.7 Hz, 1H), 

2.63-2.51 (m, 1H), 2.50-2.39 (m, 1H). 

 

 

6-Chloro-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (1t):[7] Light yellow liquid, 

834 g, 86% yield. 1H NMR (400 MHz, CDCl3): δ 7.64 (dd, J = 7.7, 1.5 Hz, 1H), 7.41 

(td, J = 7.5, 1.5 Hz, 1H), 7.30 (td, J = 7.6, 1.2 Hz, 1H), 7.20 (dd, J = 7.5, 1.1 Hz, 1H), 

4.80 (dd, J = 8.7, 4.7 Hz, 1H), 3.02 (ddd, J = 15.8, 7.7, 3.4 Hz, 1H), 2.92 (ddd, J = 15.8, 

9.6, 3.4 Hz, 1H), 2.39 (dddd, J = 14.3, 9.7, 6.1, 4.7 Hz, 1H), 2.20 (ddt, J = 14.0, 8.7, 

5.3 Hz, 1H), 2.11-1.87 (m, 2H).  
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2,6-Dichloro-3,4-dihydronaphthalen-1(2H)-one (1u): White solid, 952 mg, 89% yield. 

1H NMR (400 MHz, CDCl3): δ 8.02 (d, J = 8.4 Hz, 1H), 7.51-7.09 (m, 2H), 4.61 (dd, J 

= 7.3, 3.8 Hz, 1H), 3.27 (ddd, J = 17.3, 8.4, 4.6 Hz, 1H), 2.95 (ddd, J = 17.0, 6.6, 5.0 

Hz, 1H), 2.63-2.50 (m, 1H), 2.52-2.39 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 189.9, 

144.8, 140.8, 130.3, 129.0, 128.8, 127.9, 59.3, 32.1, 26.1. 

 

 

7-Bromo-2-chloro-3,4-dihydronaphthalen-1(2H)-one (1v):[7] White solid, 908 mg, 88% 

yield. 1H NMR (400 MHz, CDCl3): δ 8.19 (d, J = 2.2 Hz, 1H), 7.62 (dd, J = 8.2, 2.2 

Hz, 1H), 7.17 (d, J = 8.2 Hz, 1H), 4.61 (dd, J = 7.3, 3.8 Hz, 1H), 3.24 (ddd, J = 17.3, 

8.3, 4.6 Hz, 1H), 2.94 (ddd, J = 17.3, 6.5, 4.7 Hz, 1H), 2.63-2.50 (m, 1H), 2.52-2.39 (m, 

1H).  

 

 

2-Chloro-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (1w):[6] White solid, 952 mg, 

89% yield. 1H NMR (400 MHz, CDCl3): δ 8.05 (d, J = 8.8 Hz, 1H), 6.86 (dd, J = 8.8, 

2.5 Hz, 1H), 6.70 (dd, J = 2.4, 1.1 Hz, 1H), 4.58 (dd, J = 7.4, 3.9 Hz, 1H), 3.86 (s, 3H), 

3.25 (ddd, J = 17.1, 8.4, 4.5 Hz, 1H), 2.93 (ddd, J = 17.0, 6.7, 4.6 Hz, 1H), 2.61-2.48 

(m, 1H), 2.49-2.33 (m, 1H).  
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2-Chloro-7-methoxy-3,4-dihydronaphthalen-1(2H)-one (1x):[7] White solid, 1.5 g, 90% 

yield. 1H NMR (400 MHz, CDCl3): δ 7.53 (d, J = 2.8 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 

7.09 (dd, J = 8.5, 2.8 Hz, 1H), 4.61 (dd, J = 7.6, 3.8 Hz, 1H), 3.83 (s, 3H), 3.20 (ddd, J 

= 16.9, 8.0, 4.5 Hz, 1H), 2.92 (ddd, J = 16.9, 6.8, 4.6 Hz, 1H), 2.63-2.49 (m, 1H), 2.49-

2.32 (m, 1H).  

  



S12 

 

3. NMR spectra of substrates 1a-1x. 

1H NMR (400 MHz, CDCl3) of compound 1a 

 

 

19F NMR (400 MHz, CDCl3) of compound 1a 
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1H NMR (400 MHz, CDCl3) of compound 1b 

 

 

19F NMR (400 MHz, CDCl3) of compound 1b 
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1H NMR (400 MHz, CDCl3) of compound 1c 

 

 

19F NMR (400 MHz, CDCl3) of compound 1c 
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1H NMR (400 MHz, CDCl3) of compound 1d 

 

 

19F NMR (400 MHz, CDCl3) of compound 1d 

 

 



S16 

 

1H NMR (400 MHz, CDCl3) of compound 1e 

 

 

19F NMR (400 MHz, CDCl3) of compound 1e 
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1H NMR (400 MHz, CDCl3) of compound 1f 

 

 

19F NMR (400 MHz, CDCl3) of compound 1f 
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1H NMR (400 MHz, CDCl3) of compound 1g 

 

 

19F NMR (400 MHz, CDCl3) of compound 1g 
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1H NMR (400 MHz, CDCl3) of compound 1h 

 

 

19F NMR (400 MHz, CDCl3) of compound 1h 
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1H NMR (400 MHz, CDCl3) of compound 1i 

 

 

19F NMR (400 MHz, CDCl3) of compound 1i 
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1H NMR (400 MHz, CDCl3) of compound 1j 

 

 

19F NMR (400 MHz, CDCl3) of compound 1j 
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1H NMR (400 MHz, CDCl3) of compound 1k 

 

 

19F NMR (400 MHz, CDCl3) of compound 1k 
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1H NMR (400 MHz, CDCl3) of compound 1l 

 

 

19F NMR (400 MHz, CDCl3) of compound 1l 
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1H NMR (400 MHz, CDCl3) of compound 1m 

 

 

19F NMR (400 MHz, CDCl3) of compound 1m 
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1H NMR (400 MHz, CDCl3) of compound 1n 

 

 

19F NMR (400 MHz, CDCl3) of compound 1n 
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1H NMR (400 MHz, CDCl3) of compound 1o 

 

 

19F NMR (400 MHz, CDCl3) of compound 1o 
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1H NMR (400 MHz, CDCl3) of compound 1p 

 

 

19F NMR (400 MHz, CDCl3) of compound 1p 
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1H NMR (400 MHz, CDCl3) of compound 1q 

 

 

19F NMR (400 MHz, CDCl3) of compound 1q 
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1H NMR (400 MHz, CDCl3) of compound 1r 

 

 

13C NMR (100 MHz, CDCl3) of compound 1r 
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1H NMR (400 MHz, CDCl3) of compound 1s 

 

 

1H NMR (400 MHz, CDCl3) of compound 1t 
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1H NMR (400 MHz, CDCl3) of compound 1u 

 

 

13C NMR (100 MHz, CDCl3) of compound 1u 
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1H NMR (400 MHz, CDCl3) of compound 1v 

 

 

1H NMR (400 MHz, CDCl3) of compound 1w 
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1H NMR (400 MHz, CDCl3) of compound 1x 
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4. General procedure for Asymmetric hydrogenation of 

cyclic α-halogenated ketones 

Prepared the [Ir-f-phamidol] solution: in a 5 ml vial was charged with [Ir-f phamidol] 

complexes 19.6 mg and anhydrous toluene 2 ml to make a 0.0125M [Ir-f- phamidol] 

solution.  

General procedure for S/C = 1000: In an argon-filled glove box, the prepared [Ir-f- 

phamidol] solution (32 μL), KOH (2.2 mg, 0.04 mmol) and ketones (0.4 mmol) in were 

charged in a 5 ml vial in 1.0 mL anhydrous toluene. The vial was transferred to an 

autoclave, which was then pressurized with 5 atm of H2 and stirred at room temperature 

for 16 h. The hydrogen gas was released slowly in a well-ventilated hood and the crude 

reaction mixture was evaporated under reduced pressure. The dr values were measured 

by 1H NMR from the crude product, after that, purified by flash column 

chromatography on silica gel using petroleum ether/ethyl acetate (80:20, v/v) afforded 

the reduced product, then the product was analyzed by chiral HPLC for ee. 

  

 

(3S,4R)-3-Fluorochroman-4-ol (2a):[3] Colourless crystal, 67 mg, 99% yield, dr 

(cis/trans) > 20:1, eecis = 99%, [α]D
23 = 42.7 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.47 (d, J = 7.6 Hz, 1H), 7.23 (dddd, J = 8.0, 7.3, 1.7, 0.6 Hz, 1H), 6.99 (td, 

J = 7.5, 1.2 Hz, 1H), 6.85 (dd, J = 8.2, 0.9 Hz, 1H), 5.00 (dddd, J = 48.3, 5.6, 3.6, 2.0 

Hz, 1H), 4.90 (dd, J = 20.0, 4.0 Hz, 1H), 4.48 (ddd, J = 12.2, 7.8, 5.6 Hz, 1H), 4.21 

(dddd, J = 28.5, 12.2, 2.0, 1.2 Hz, 1H), 2.37 (d, J = 7.8 Hz, 1H). 19F NMR (376 MHz, 

CDCl3): δ -209.40 (dddd, J = 48.1, 28.4, 20.0, 7.9 Hz). 
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(3S,4R)-3,7-Difluorochroman-4-ol (2b):[3] Colourless crystal, 72 mg, 97% yield, dr 

(cis/trans) > 20:1, eecis = 96%, [α]D
23 = 46.8 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.42 (dd, J = 8.6, 6.4 Hz, 1H), 6.71 (td, J = 8.4, 2.5 Hz, 1H), 6.57 (dd, J = 

10.0, 2.5 Hz, 1H), 4.99 (dddd, J = 48.1, 5.6, 3.6, 2.0 Hz, 1H), 4.86 (ddd, J = 19.6, 8.9, 

3.5 Hz, 1H), 4.48 (ddd, J = 12.3, 7.9, 5.6 Hz, 1H), 4.22 (ddt, J = 28.2, 12.2, 1.6 Hz, 1H), 

2.34 (dd, J = 8.9, 2.3 Hz, 1H). 19F NMR (376 MHz, CDCl3): δ -111.52 (q, J = 8.2 Hz), 

-209.63 (dddd, J = 48.0, 28.1, 19.5, 8.1 Hz). 

 

 

(3S,4R)-3,8-Difluorochroman-4-ol (2c): Colourless crystal, 73 mg, 98% yield, dr 

(cis/trans) > 20:1, eecis = 93%, [α]D
23 = 33.6 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.25 (d, J = 8.4 Hz, 1H), 7.03 (ddd, J = 10.5, 8.2, 1.6 Hz, 1H), 6.91 (td, J = 

8.0, 4.7 Hz, 1H), 5.02 (dddd, J = 48.0, 5.4, 3.6, 1.9 Hz, 1H), 4.90 (dd, J = 20.6, 3.6 Hz, 

1H), 4.57 (ddd, J = 12.4, 8.3, 5.2 Hz, 1H), 4.28 (ddt, J = 29.9, 12.5, 1.5 Hz, 1H), 2.45 

(br, 1H). 13C NMR (100 MHz, CDCl3): δ 150.9 (d, J = 246.1 Hz), 141.8 (d, J = 11.6 

Hz), 124.3, 123.7 (d, J = 3.6 Hz), 121.2 (d, J = 7.1 Hz), 116.4 (d, J = 17.6 Hz), 85.9 (d, 

J = 178.2 Hz), 65.1 (d, J = 22.3 Hz), 64.9 (dd, J = 19.7 Hz). 19F NMR (376 MHz, 

CDCl3): δ -136.26 (dd, J = 10.7, 4.5 Hz), -209.43 (dddd, J = 48.7, 29.5, 20.8, 8.3 Hz). 

HRMS (ESI/ion trap): m/z [M + H － H2O]+ calcd for C9H7F2O 169.0465, found 

169.0456. 
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(3S,4R)-6-Chloro-3-fluorochroman-4-ol (2d): Colourless crystal, 80 mg, 99% yield, dr 

(cis/trans) > 20:1, eecis = 96%, [α]D
23 = 58.3 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.46 (s, 1H), 7.17 (dd, J = 8.6, 2.4 Hz, 1H), 6.78 (d, J = 8.6 Hz, 1H), 4.99 (d, 

J = 48.3 Hz, 1H), 4.84 (dd, J = 21.4, 3.5 Hz, 1H), 4.49 (ddd, J = 13.1, 8.6, 4.8 Hz, 1H), 

4.20 (dd, J = 31.6, 12.6 Hz, 1H), 2.40 (br, 1H). 13C NMR (100 MHz, CDCl3): δ 152.0, 

129.9, 128.4, 126.5, 123.5, 117.9, 85.8 (d, J = 178.1 Hz), 65.1 (d, J = 21.7 Hz), 65.0 (d, 

J = 19.8 Hz). 19F NMR (376 MHz, CDCl3): δ -209.50 (dddd, J = 48.5, 30.7, 21.3, 8.5 

Hz). HRMS (ESI/ion trap): m/z [M + H － H2O]+ calcd for C9H7ClFO 185.0169, 

found 185.0161. 

 

 

(3S,4R)-7-Chloro-3-fluorochroman-4-ol (2e): Colourless crystal, 80 mg, 99% yield, dr 

(cis/trans) > 20:1, eecis = 93%, [α]D
23 = 45.9 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.40 (d, J = 8.3 Hz, 1H), 6.97 (dd, J = 8.3, 2.1 Hz, 1H), 6.87 (d, J = 2.1 Hz, 

1H), 4.99 (dddd, J = 48.2, 5.4, 3.6, 1.9 Hz, 1H), 4.85 (d, J = 20.3 Hz, 1H), 4.49 (ddd, J 

= 12.4, 8.3, 5.3 Hz, 1H), 4.21 (ddt, J = 29.8, 12.4, 1.5 Hz, 1H), 2.34 (br, 1H). 13C NMR 

(100 MHz, CDCl3): δ 154.0, 135.2, 129.8, 121.9, 120.4, 116.6, 86.0 (d, J = 178.6 Hz), 

65.0 (d, J = 22.3 Hz), 64.9 (d, J = 19.8 Hz). 19F NMR (376 MHz, CDCl3): δ -209.56 

(dddd, J = 56.4, 30.1, 21.0, 7.5 Hz). HRMS (ESI/ion trap): m/z [M + H － H2O]+ calcd 

for C9H7ClFO 185.0169, found 185.0161. 

 

 

(3S,4R)-7-Bromo-3-fluorochroman-4-ol (2f):[3] Colourless crystal, 96 mg, 98% yield, 

dr (cis/trans) > 20:1, eecis = 98%, [α]D
23 = 38.6 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.33 (d, J = 8.2 Hz, 1H), 7.11 (dd, J = 8.2, 1.6 Hz, 1H), 7.03 (d, J = 1.6 Hz, 

1H), 4.99 (d, J = 48.4 Hz, 1H), 4.83 (d, J = 20.5 Hz, 1H), 4.48 (ddd, J = 13.1, 8.3, 5.1 
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Hz, 1H), 4.21 (dd, J = 30.1, 12.4 Hz, 1H), 2.41 (br, 1H). 19F NMR (376 MHz, CDCl3): 

δ -209.50 (dddd, J = 49.8, 30.0, 20.7, 8.3 Hz). 

 

 

(3S,4R)-6-Bromo-3-fluorochroman-4-ol (2g): Colourless crystal, 96 mg, 98% yield, dr 

(cis/trans) > 20:1, eecis = 99%, [α]D
23 = 27.3 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.61 (d, J = 2.5 Hz, 1H), 7.30 (dd, J = 8.7, 2.4 Hz, 1H), 6.73 (d, J = 8.7 Hz, 

1H), 4.99 (d, J = 48.3 Hz, 1H), 4.85 (d, J = 21.1 Hz, 1H), 4.49 (ddd, J = 13.1, 8.6, 4.8 

Hz, 1H), 4.20 (dd, J = 31.6, 12.6 Hz, 1H), 2.43 (br, 1H). 13C NMR (100 MHz, CDCl3): 

δ 152.5, 132.8, 131.3, 124.0, 118.3, 113.7, 85.8 (d, J = 178.5 Hz), 65.1 (d, J = 21.8 Hz), 

65.0 (d, J = 19.8 Hz). 19F NMR (376 MHz, CDCl3): δ -209.61 (dddd, J = 47.6, 30.6, 

21.4, 8.5 Hz). HRMS (ESI/ion trap): m/z [M + H － H2O]+ calcd for C9H7BrFO 

228.9664, found 228.9654. 

 

 

(3S,4R)-3-Fluoro-6-nitrochroman-4-ol (2h):[3] Colourless crystal, 79 mg, 93% yield, dr 

(cis/trans) > 20:1, eecis = %, [α]D
23 = 195.5 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): 

δ 8.46 (d, J = 2.7 Hz, 1H), 8.10 (dd, J = 9.1, 2.7 Hz, 1H), 6.93 (d, J = 9.1 Hz, 1H), 5.09 

(dt, J = 48.3, 3.9 Hz, 1H), 4.93 (dd, J = 23.0, 6.9 Hz, 1H), 4.63 (ddd, J = 13.5, 9.5, 4.3 

Hz, 1H), 4.34 (dd, J = 33.7, 13.0 Hz, 1H), 2.62 (d, J = 9.2 Hz, 1H). 19F NMR (376 MHz, 

CDCl3): δ -209.30 (dddd, J = 48.3, 33.1, 23.1, 9.6 Hz). 
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(3S,4R)-3-Fluoro-6-methylchroman-4-ol (2i):[3] Colourless crystal, 71 mg, 98% yield, 

dr (cis/trans) > 20:1, eecis = 94%, [α]D
23 = 31.0 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.26 (br, 1H), 7.03 (dd, J = 8.4, 2.2 Hz, 1H), 6.75 (d, J = 8.3 Hz, 1H), 4.99 

(dddd, J = 48.2, 5.8, 3.6, 2.1 Hz, 1H), 4.87 (d, J = 18.8, 1H), 4.44 (ddd, J = 12.1, 7.6, 

5.8 Hz, 1H), 4.16 (ddt, J = 27.7, 12.1, 1.5 Hz, 1H), 2.32 (br, 1H), 2.29 (s, 3H). 19F NMR 

(376 MHz, CDCl3): δ -209.72 (m). 

 

 

(3S,4R)-3-Fluoro-6-methoxychroman-4-ol (2j):[3] Colourless crystal, 78 mg, 99% yield, 

dr (cis/trans) > 20:1, eecis = 91%, [α]D
23 = 44.3 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.01 (d, J = 2.3 Hz, 1H), 6.86-6.73 (m, 2H), 4.99 (dddd, J = 48.3, 5.3, 3.7, 

1.8 Hz, 1H), 4.87 (dd, J = 20.8, 3.7 Hz, 1H), 4.45 (ddd, J = 12.4, 8.1, 5.2 Hz, 1H), 4.16 

(ddt, J = 30.3, 12.4, 1.5 Hz, 1H), 3.77 (s, 3H), 2.38 (br, 1H). 19F NMR (376 MHz, 

CDCl3): δ -209.44 (dddd, J = 48.7, 29.7, 20.8, 8.3 Hz). 

 

 

(1R,2S)-2-Fluoro-1,2,3,4-tetrahydronaphthalen-1-ol (2k):[8] Colourless crystal, 66 mg, 

99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 21.2 (c 1.0, CHCl3). 

1H NMR 

(400 MHz, CDCl3): δ 7.52 (dd, J = 5.5, 3.7 Hz, 1H), 7.30-.21 (m, 2H), 7.17-7.09 (m, 

1H), 5.00 (ddt, J = 49.7, 8.7, 3.0 Hz, 1H), 4.81 (ddd, J = 17.8, 7.2, 3.3 Hz, 1H), 3.04 

(ddd, J = 15.9, 9.7, 3.8 Hz, 1H), 2.80 (dt, J = 17.1, 6.7 Hz, 1H), 2.49-2.29 (m, 2H), 2.02 

(ddtd, J = 27.1, 13.6, 6.9, 2.6 Hz, 1H). 19F NMR (376 MHz, CDCl3): δ -197.58 (dddd, 

J = 50.1, 25.1, 17.6, 5.9 Hz). 
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(1R,2S)-2-Fluoro-2,3-dihydro-1H-inden-1-ol (2l):[8] Colourless crystal, 60 mg, 99% 

yield, dr (cis/trans) > 20:1, eecis = 96%, [α]D
23 = 53 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.48 (dd, J = 5.1, 3.6 Hz, 1H), 7.34-7.22 (m, 3H), 5.32 (dtd, J = 53.8, 4.3, 

1.5 Hz, 1H), 5.13 (ddd, J = 18.2, 10.4, 4.2 Hz, 1H), 3.33-3.02 (m, 2H), 2.39 (dd, J = 

10.4, 4.4 Hz, 1H). 19F NMR (376 MHz, CDCl3): δ -201.51 (m). 

 

 

(1R,2S)-7-Bromo-2-fluoro-1,2,3,4-tetrahydronaphthalen-1-ol (2m): Colourless crystal, 

96 mg, 98% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 43.4 (c 1.0, CHCl3). 

1H 

NMR (400 MHz, CDCl3): δ 7.68 (d, J = 2.1 Hz, 1H), 7.34 (dd, J = 8.2, 2.2 Hz, 1H), 

6.99 (d, J = 8.2 Hz, 1H), 5.00 (ddt, J = 49.9, 7.8, 2.7 Hz, 1H), 4.72 (ddd, J = 20.1, 8.3, 

3.3 Hz, 1H), 2.97 (dt, J = 17.4, 7.2 Hz, 1H), 2.72 (dt, J = 17.2, 6.2 Hz, 1H), 2.45 (dd, J 

= 8.2, 2.6 Hz, 1H), 2.44-2.29 (m, 1H), 2.10-1.85 (m, 1H). 13C NMR (100 MHz, CDCl3): 

δ 138.0 (d, J = 3.6 Hz), 134.6, 131.8, 131.2, 130.1, 120.2, 90.6 (d, J = 173.6 Hz), 68.8 

(d, J = 19.6 Hz), 24.8 (d, J = 6.6 Hz), 24.7 (d, J = 18.8 Hz). 19F NMR (376 MHz, CDCl3): 

δ -200.28 (dddd, J = 50.2, 30.3, 20.4, 6.4 Hz). HRMS (ESI/ion trap): m/z [M + Na]+ 

calcd for C10H10BrFNaO 266.9797, found 266.9786. 

 

 

(1R,2S)-6-Chloro-2-fluoro-1,2,3,4-tetrahydronaphthalen-1-ol (2n): Colourless crystal, 

79 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 58.4 (c 1.0, CHCl3). 

1H 

NMR (400 MHz, CDCl3): δ 7.44 (d, J = 8.3 Hz, 1H), 7.21 (dd, J = 8.3, 2.1 Hz, 1H), 

7.11 (d, J = 2.1 Hz, 1H), 4.98 (ddt, J = 49.8, 8.2, 2.9 Hz, 1H), 4.73 (ddd, J = 18.9, 7.7, 
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3.3 Hz, 1H), 3.00 (dt, J = 15.5, 7.1 Hz, 1H), 2.75 (dt, J = 17.3, 6.4 Hz, 1H), 2.45 (dd, J 

= 7.7, 2.7 Hz, 1H), 2.41-2.30 (m, 1H), 2.07-1.90 (m, 1H). 13C NMR (100 MHz, CDCl3): 

δ 137.6, 134.2 (d, J = 4.2 Hz), 133.9, 130.6, 128.2, 127.0, 90.8 (d, J = 173.7 Hz), 68.7 

(d, J = 19.5 Hz), 25.4 (d, J = 8.7 Hz), 24.5 (d, J = 20.2 Hz). 19F NMR (376 MHz, CDCl3): 

δ -199.05 (m). 

HRMS (ESI/ion trap): m/z [M + Na]+ calcd for C10H10ClFNaO 223.0302, found 

223.0292. 

 

 

(1R,2S)-2-Fluoro-7-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (2o):[9] Colourless 

crystal, 78 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 43.6 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.06 (d, J = 2.8 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 6.81 

(dd, J = 8.4, 2.8 Hz, 1H), 4.99 (ddt, J = 49.9, 8.3, 2.9 Hz, 1H), 4.75 (dd, J = 18.9, 3.3 

Hz, 1H), 3.80 (s, 3H), 2.96 (dt, J = 15.3, 7.0 Hz, 1H), 2.72 (dt, J = 16.7, 7.0 Hz, 1H), 

2.42-2.30 (m, 1H), 2.27 (br, 1H), 2.09-1.89 (m, 1H). 19F NMR (376 MHz, CDCl3): δ -

198.97 (dddd, J = 48.5, 28.0, 18.6, 6.0 Hz). 

 

 

(1R,2S)-2-Fluoro-6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (2p):[9] Colourless 

crystal, 78 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 18.3 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.40 (d, J = 8.5 Hz, 1H), 6.81 (dd, J = 8.6, 2.7 Hz, 1H), 

6.64 (d, J = 2.7 Hz, 1H), 4.94 (ddt, J = 49.4, 9.2, 3.1 Hz, 1H), 4.78 (ddd, J = 16.1, 6.7, 

3.4 Hz, 1H), 3.79 (s, 3H), 3.08-2.91 (m, 1H), 2.78 (dt, J = 17.1, 7.1 Hz, 1H), 2.43 -2.33 

(m, 1H), 2.31 (dd, J = 6.6, 2.8 Hz, 1H), 2.10-1.91 (m, 1H). 13C NMR (100 MHz, CDCl3): 

δ 159.6, 137.2, 130.9, 127.9 (d, J = 4.9 Hz), 113.1, 113.0, 91.4 (d, J = 174.3 Hz), 68.7 

(d, J = 19.0 Hz), 55.4, 26.4 (d, J = 9.5 Hz), 24.2 (d, J = 19.7 Hz). 19F NMR (376 MHz, 
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CDCl3): δ -195.87 (m). HRMS (ESI/ion trap): m/z [M + Na]+ calcd for C11H13FNaO2 

219.0797, found 219.0787. 

 

 

(1R,2S)-2-Fluoro-5-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (2q): Colourless 

crystal, 78 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 10.4 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.24 (t, J = 8.4 Hz, 1H), 7.12 (d, J = 7.7 Hz, 1H), 6.79 

(d, J = 8.1 Hz, 1H), 4.96 (ddt, J = 49.7, 8.9, 3.0 Hz, 1H), 4.79 (ddd, J = 17.3, 7.1, 3.3 

Hz, 1H), 3.83 (s, 3H), 2.91 (dtd, J = 18.0, 6.6, 2.1 Hz, 1H), 2.68 (dt, J = 18.0, 6.9 Hz, 

1H), 2.49-2.23 (m, 2H), 1.99 (ddtd, J = 26.9, 13.6, 6.8, 2.6 Hz, 1H). 13C NMR (100 

MHz, CDCl3): δ 156.8, 136.8 (d, J = 4.3 Hz), 127.3, 124.9, 121.1, 109.3, 91.2 (d, J = 

173.6 Hz), 69.0 (d, J = 19.1 Hz), 55.50, 23.69 (d, J = 19.7 Hz), 20.24 (d, J = 8.8 Hz). 

19F NMR (376 MHz, CDCl3): δ -197.72 (m). HRMS (ESI/ion trap): m/z [M + Na]+ 

calcd for C11H13FNaO2 219.0797, found 219.0787. 

 

 

(3S,4R)-3,6-Dichlorochroman-4-ol (2r): Colourless crystal, 83 mg, 95% yield, dr 

(cis/trans) > 20:1, eecis = 99%, [α]D
23 = 45.9 (c 1.0, CHCl3). 

1H NMR (400 MHz, 

CDCl3): δ 7.38 (d, J = 2.5 Hz, 1H), 7.19 (dd, J = 8.8, 2.6 Hz, 1H), 6.80 (d, J = 8.8 Hz, 

1H), 4.88 (dd, J = 7.2, 3.7 Hz, 1H), 4.46 (dt, J = 6.9, 3.4 Hz, 1H), 4.41-4.26 (m, 2H), 

2.49 (d, J = 7.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 151.8, 130.3, 129.2, 126.4, 

123.3, 118.2, 66.1, 66.0, 57.3. HRMS (ESI/ion trap): m/z [M + H － H2O]+ calcd for 

C9H7ClO2 200.9874, found 200.9865. 
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(1R,2S)-2-Chloro-1,2,3,4-tetrahydronaphthalen-1-ol (2s):[7] Colourless crystal, 70 mg, 

96% yield, dr (cis/trans) > 20:1, eecis = 97%, [α]D
23 = 22.2 (c 1.0, CHCl3). 

1H NMR 

(400 MHz, CDCl3): δ 7.55-7.44 (m, 1H), 7.30-7.19 (m, 2H), 7.17-7.06 (m, 1H), 4.86 

(dd, J = 7.5, 3.4 Hz, 1H), 4.55 (dt, J = 8.7, 3.1 Hz, 1H), 3.12 (dt, J = 17.3, 6.5 Hz, 1H), 

2.85 (dt, J = 17.3, 6.6 Hz, 1H), 2.56-2.33 (m, 2H), 2.26-2.14 (m, 1H).  

 

 

(5R,6S)-6-Chloro-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-ol (2t):[7] Colourless 

crystal, 78 mg, 99% yield, dr (cis/trans) > 20:1, eecis = %, [α]D
23 = -170.0 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.33-7.27 (m, 1H), 7.25-7.17 (m, 2H), 7.13-7.07 (m, 

1H), 5.08 (s, 1H), 4.40 (dd, J = 9.2, 3.0 Hz, 1H), 3.27-3.00 (m, 1H), 2.64 (dd, J = 14.2, 

8.6 Hz, 1H), 2.57-2.43 (m, 2H), 2.25 (ddt, J = 14.2, 7.3, 3.4 Hz, 1H), 1.97-1.83 (m, 1H), 

1.71-1.54 (m, 1H).  

 

 

(1R,2S)-2,6-Dichloro-1,2,3,4-tetrahydronaphthalen-1-ol (2u):[10] Colourless crystal, 85 

mg, 98% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 14.6 (c 1.0, CHCl3). 

1H NMR 

(400 MHz, CDCl3): δ 7.43 (d, J = 8.3 Hz, 1H), 7.20 (dd, J = 8.4, 2.2 Hz, 1H), 7.11 (d, 

J = 2.2 Hz, 1H), 4.81 (dd, J = 8.0, 3.4 Hz, 1H), 4.53 (dt, J = 8.2, 3.0 Hz, 1H), 3.09 (dt, 

J = 17.4, 6.9 Hz, 1H), 2.80 (dt, J = 17.4, 6.3 Hz, 1H), 2.49 (d, J = 8.0 Hz, 1H), 2.39 

(ddt, J = 14.2, 8.1, 6.1 Hz, 1H), 2.19 (dddd, J = 13.9, 8.3, 6.4, 2.7 Hz, 1H).  
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(1R,2S)-7-Bromo-2-chloro-1,2,3,4-tetrahydronaphthalen-1-ol (2v):[7] Colourless 

crystal, 103 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 21.2 (c 1.0, 

CHCl3). 
1H NMR (400 MHz, CDCl3): δ 7.67 (d, J = 2.1 Hz, 1H), 7.35 (dd, J = 8.2, 2.1 

Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 4.81 (dd, J = 8.6, 3.5 Hz, 1H), 4.56 (dt, J = 7.6, 3.0 

Hz, 1H), 3.14-2.98 (m, 1H), 2.76 (dt, J = 17.4, 6.0 Hz, 1H), 2.48 (d, J = 8.5 Hz, 1H), 

2.39 (ddt, J = 13.52, 7.4, 5.8 Hz, 1H), 2.20 (dddd, J = 14.3, 8.6, 6.3, 2.6 Hz, 1H).  

 

 

(1R,2S)-2-Chloro-6-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (2w):[10] Colourless 

crystal, 84 mg, 99% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 21.5 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.38 (d, J = 8.5 Hz, 1H), 6.80 (dd, J = 8.5, 2.6 Hz, 1H), 

6.64 (d, J = 2.6 Hz, 1H), 4.80 (dd, J = 7.0, 3.3 Hz, 1H), 4.49 (dt, J = 9.1, 3.1 Hz, 1H), 

3.79 (s, 3H), 3.07 (dt, J = 17.3, 6.3 Hz, 1H), 2.81 (dt, J = 17.3, 6.9 Hz, 1H), 2.45 (d, J 

= 6.9 Hz, 1H), 2.43-2.36 (m, 1H), 2.16 (dtd, J = 13.3, 6.4, 2.8 Hz, 1H). 

 

 

(1R,2S)-2-Chloro-7-methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (2x):[10] Colourless 

crystal, 83 mg, 98% yield, dr (cis/trans) > 20:1, eecis = 99%, [α]D
23 = 31.4 (c 1.0, CHCl3). 

1H NMR (400 MHz, CDCl3): δ 7.07-6.98 (m, 2H), 6.82 (dd, J = 8.5, 2.8 Hz, 1H), 4.82 

(dd, J = 8.2, 3.4 Hz, 1H), 4.56 (dt, J = 8.1, 3.0 Hz, 1H), 3.80 (s, 3H), 3.02 (dt, J = 17.0, 

6.9 Hz, 1H), 2.76 (dt, J = 16.9, 6.2 Hz, 1H), 2.44 (d, J = 8.1 Hz, 1H), 2.46-2.33 (m, 1H), 

2.18 (dddd, J = 13.9, 8.4, 6.3, 2.6 Hz, 1H). 
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(1R,2R)-2-Chloro-1-(p-tolyl)propan-1-ol (2y):[11] Colourless oil, 83 mg, 80% yield, dr 

(cis/trans) = 15:1, eecis = 98%, [α]D
23 = -29.8 (c 1.0, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3): δ 7.24-7.22 (m, 2H), 7.17-7.16 (m, 2H), 4.54 (d, J = 7.6 Hz, 1H), 4.19 (m, 1H), 

2.79 (s, 1H), 2.34 (s, 3H), 1.35 (d, J = 6.7 Hz, 3H). 
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5. NMR spectra of compounds 2a-2x. 

1H NMR (400 MHz, CDCl3) of compound 2a 

 

 

19F NMR (400 MHz, CDCl3) of compound 2a 
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1H NMR (400 MHz, CDCl3) of compound 2b 

 

19F NMR (400 MHz, CDCl3) of compound 2b 
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1H NMR (400 MHz, CDCl3) of compound 2c 

 

 

13C NMR (100 MHz, CDCl3) of compound 2c 
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19F NMR (400 MHz, CDCl3) of compound 2c 

 

 

1H NMR (400 MHz, CDCl3) of compound 2d 
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13C NMR (100 MHz, CDCl3) of compound 2d 

 

 

19F NMR (400 MHz, CDCl3) of compound 2d 
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1H NMR (400 MHz, CDCl3) of compound 2e 

 

 

13C NMR (100 MHz, CDCl3) of compound 2e 
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19F NMR (400 MHz, CDCl3) of compound 2e 

 

 

1H NMR (400 MHz, CDCl3) of compound 2f 
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19F NMR (400 MHz, CDCl3) of compound 2f 

 

 

1H NMR (400 MHz, CDCl3) of compound 2g 
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13C NMR (100 MHz, CDCl3) of compound 2g 

 

 

19F NMR (400 MHz, CDCl3) of compound 2g 
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1H NMR (400 MHz, CDCl3) of compound 2h 

 

 

19F NMR (400 MHz, CDCl3) of compound 2h 
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1H NMR (400 MHz, CDCl3) of compound 2i 

 

 

19F NMR (400 MHz, CDCl3) of compound 2i 
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1H NMR (400 MHz, CDCl3) of compound 2j 

 

 

19F NMR (400 MHz, CDCl3) of compound 2j 

 

  



S57 

 

1H NMR (400 MHz, CDCl3) of compound 2k 

 

 

19F NMR (400 MHz, CDCl3) of compound 2k 
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1H NMR (400 MHz, CDCl3) of compound 2l 

 

 

19F NMR (400 MHz, CDCl3) of compound 2l 
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1H NMR (400 MHz, CDCl3) of compound 2m 

 

 

13C NMR (100 MHz, CDCl3) of compound 2m 
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19F NMR (400 MHz, CDCl3) of compound 2m 

 

 

1H NMR (400 MHz, CDCl3) of compound 2n 
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13C NMR (100 MHz, CDCl3) of compound 2n 

 

 

19F NMR (400 MHz, CDCl3) of compound 2n 

 

  



S62 

 

1H NMR (400 MHz, CDCl3) of compound 2o 

 

 

19F NMR (400 MHz, CDCl3) of compound 2o 
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1H NMR (400 MHz, CDCl3) of compound 2p 

 

 

13C NMR (100 MHz, CDCl3) of compound 2p 
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19F NMR (400 MHz, CDCl3) of compound 2p 

 

 

1H NMR (400 MHz, CDCl3) of compound 2q 

 

 



S65 

 

13C NMR (100 MHz, CDCl3) of compound 2q 

 

 

19F NMR (400 MHz, CDCl3) of compound 2q 
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1H NMR (400 MHz, CDCl3) of compound 2r 

 

 

13C NMR (100 MHz, CDCl3) of compound 2r 
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1H NMR (400 MHz, CDCl3) of compound 2s 

 

 

1H NMR (400 MHz, CDCl3) of compound 2t 
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1H NMR (400 MHz, CDCl3) of compound 2u 

 

 

1H NMR (400 MHz, CDCl3) of compound 2v 
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1H NMR (400 MHz, CDCl3) of compound 2w 

 

 

1H NMR (400 MHz, CDCl3) of compound 2x 
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1H NMR (400 MHz, CDCl3) of compound 2y 
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6. HPLC chromatograms 
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7. Crystallographic Information 

The Crystallographic data of compound 2n has been deposited in CCDC with number 

2175167 and has been displayed at 50% ellipsoid contour probability level. 
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The Crystallographic data of compound 2r has been deposited in CCDC with number 

2175166 and has been displayed at 50% ellipsoid contour probability level. 
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