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1. Instruments 

NMR spectra were obtained on a BRUKER Avance III 400 MHz spectrometer operating at 400MHz for 1H NMR and 

100 MHz for 13C NMR in CDCl3. The chemical shifts (δ) are reported in ppm and coupling constants (J) in Hz. High 

resolution mass spectra (HRMS) were recorded by Bruker micrOTOFQ-II (ESI). GC-MS was recorded by a Agilent 

7890A/5975C. UV-vis spectra were obtained on a PE Lambda 35 spectrometer.  Enantiomeric excesses (ee) were 

determined by GC analysis on an Agilent 7890A with a Varian CP-Chirasil-Dex CB capillary column or HPLC 

analysis on a Waters-Breeze (2487 Dual λ Absorbance Detector and 1525 Binary HPLC Pump). Chiralpak OD-H, OJ 

columns were purchased from Daicel Chemical Industries, LTD. Column chromatography was generally performed on 

silica gel (200-300 mesh) and TLC inspections were on silica gel GF254 plates. 

2. Materials: 

NBS (N-bromosuccinimide), diacetoxyiodobenzene and potassium acetate were purchased from Aldrich and used as 

received. N-Bromophthalimine was purchased from Tokyo Chemical Industy Co. LTD and used as received. 

1-(2,3-Difluorophenyl)ethanol, 1-(2,6-difluorophenyl)ethanol were prepared by reduction of ketone with NaBH4 and 

then purified by silica gel column chromatography. (±)-1-(2-Fluorophenyl)ethanol, (±)-1-(4-trifluoromethylphenyl)- 

ethanol were prepared from the corresponding aldehyde with CH3MgI and purified by column chromatography on 

silica gel. Others racemic secondary alcohols were purchased from Alfa Aesar, ACROS or Aldrich and used as 

received. Mn(III)-salen complex 1a (Jacobsen catalyst) was purchased from ACROS and was used as received. 

Mn(III)-salen complexes 1b-1e were prepared in accordance with literature procedures and were identified by HRMS.1 

3.OKR procedure  

3.1. General procedure for asymmetric oxidation with PhI(OAc)2: 
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The 5 ml round-bottom tube charged with (±)-1-(2-bromophenyl)ethanol (50 mg, 0.25 mmol) , (R,R)-Mn-complex 1a 

(1.6 mg, 0.0025 mmol) and KBr (2.38 mg, 0.020 mmol), then H2O (1.00 ml) and CH2Cl2 (500 μl) was added. The 

biphasic mixture was allowed to stir for five minutes before PhI(OAc)2 (56.7 mg, 0.175 mmol) was added. After 4h, 

the reaction was quenched with saturated aqueous solution of Na2S2O3. The mixture was then extracted with Et2O (3 x 

2 mL) and then combined the organic extracts. The conversion of the substrate was derermined by GC measurement. 

Enantiomeric excess of the product was determined by GC analysis. The absolute configuration of the products was 

determined by comparison of literature procedures. 

3.2. General OKR procedure with NBS: 

The 5 ml round-bottom tube charged with secondary alcohol (0.25 mmol) , (R,R)-Mn-complex 1b (1.3 mg, 0.0025 

mmol) and KOAc (19.6mg, 0.2 mmol), then H2O (1.00 mL) and CH2Cl2 (500 μL) was added. The biphasic mixture 

was allowed to stir for five minutes before NBS (28.9 mg, 0.1625 mmol) was added. After desired reaction time 

indicated in the tables 1-3, the mixture was then extracted with Et2O (3 x 2 ml) and then combined organic extracts. 

The conversion of the substrate was determined by GC measurement. Enantiomeric excess of the products was 

determined by GC analysis or HPLC analysis. The absolute configuration of the products was determined by 

comparison of literature procedures. 

Table 1 Conditions screen a 

OH

Br Br

O

Br

OH

+

Mn(III) -Salen (1 mol %), RT

CH2Cl2 / H2O = 0.5
 

entry oxidant cat (1%) time Add Conv(%)b ee(%)b krel
d 

1 PhI(OAc)2  1a 4h KBr (8mol%) <3 0 - 

2 NBS 1a 40min KOAc(0.8eq) 40 48 10 

3 NBS  1a 4h KOAc(0.8eq) 63 94 12 

4 NBS  1b 4h KOAc(0.8eq) 64 99 17 

5 NBS 1c(1%) 4h KOAc(0.8eq) 61 85 9 

6 NBS 1d(1%) 4h KOAc(0.8eq) 64 93 10 

7 NBS 1e(1%) 4h KOAc(0.8eq) 62 91 11 

8 NBS 1b(0.5%) 4h KOAc(0.8eq) 63 93 11 

9 NBS 1b(2%) 4h KOAc(0.8eq) 64.8 99 16 

10 NBPe 1b(1%) 4h KOAc(0.8eq) 63.5 95 11 

11 NCSf 1b(1%) 4h KOAc(0.8eq) 14 2 - 

12 NISg 1b(1%) 4h KOAc(0.8eq) 26 12 - 
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a Condition: 1.0 mol % of Mn(III)-salen complex, 0.25 mmol of (±)-1-(2-bromophenyl)ethanol , 1 mL of H2O, 0.5 mL  
of CH2Cl2, 0.163 mmol of NBS (0.65 equiv.), 0.2 mmol of KOAc (0.80 equiv.), RT for 4h .  b Determined by GC. c 
Determined by GC with a chiral column. d krel = ln[(1 – conv)(1 - ee)]/ln[(1 - conv)(1 + ee)  f 0.163 mmol of  NBP  
(0.65 equiv.), NBP= N-Bromophthalimine. g 0.163 mmol of  NCS  (0.65 equiv.), NCS= N-Chlorosuccinimide. h 
0.163 mmol of  NIS  (0.65 equiv.), NIS= N-Iodosuccinimide. 

 

3.3. Asymmetric oxidation of alcohols 

(±)-1-(2-Bromophenyl)ethanol (1a):2 Conditions: (±)-1-(2-Bromophenyl)ethanol (50 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS 

(28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 

(flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature, 80 °C, hold 2 min, ramp 

10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =10.537 min, minor enantiomer tR =11.048 min; 

Conversion= 64%; ee= 99% of (R)-isomer. C8H9BrO: Calcd: 199.98, EI-MS found: 200.0. 1H NMR (400 MHz, 

CDCl3) δ 7.57 (dd, J = 7.8, 1.7 Hz, 1H), 7.49 (dt, J = 11.4, 5.7 Hz, 1H), 7.39 – 7.27 (m, 1H), 7.12 (td, J = 7.7, 1.7 Hz, 

1H), 5.22 (q, J = 6.4 Hz, 1H), 2.20 (s, 1H), 1.47 (d, J = 6.4 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 144.64, 132.62, 

128.76, 127.86, 126.68, 121.66, 69.14, 23.60. 

(±)-1-(2-Chlorophenyl)ethanol (1b):2 Conditions: (±)-1-(2-Chlorophenyl)ethanol (39 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =2.649 min, minor enantiomer tR = 3.109 min; 

Conversion= 60%; ee= 93% of (R)-isomer. C8H9ClO: Calcd: 156.0, EI-MS found: 156.1. 1H NMR (400 MHz, CDCl3) 

δ 7.58 (dd, J = 7.7, 1.6 Hz, 1H), 7.30 (ddd, J = 15.2, 7.8, 1.2 Hz, 2H), 7.19 (tt, J = 6.9, 3.4 Hz, 1H), 5.28 (q, J = 6.4 Hz, 

1H), 2.15 (s, 1H), 1.48 (d, J = 6.4 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 143.06, 131.59, 129.38, 128.40, 127.22, 126.40, 

66.92, 23.51. 

(±)-1-(2-Fluorophenyl)ethanol (1c):2 Conditions: (±)-1-(2-Fluorophenyl)ethanol (35 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS 

(28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 

(flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature, 80 °C, hold 2 min, ramp 

10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =7.492 min, minor enantiomer tR =7.758 min; 

Conversion= 59%; ee= 94% of (R)-isomer. C8H9FO: Calcd: 140.1, EI-MS found: 140.1. 1H NMR (400 MHz, CDCl3) δ 

7.49 (t, J = 7.6 Hz, 1H), 7.23 (m, 1H), 7.14 (m, 1H), 7.07 – 6.92 (m, 1H), 5.19 (m, 1H), 2.18 (s, 1H), 1.55 – 1.42 (m, 

3H). 13C NMR (75 MHz, CDCl3) δ 159.66 (d, J = 245.2 Hz), 132.74 (d, J = 13.3 Hz), 128.69 (d, J = 8.3 Hz), 126.63 (d, J = 

4.6 Hz), 124.28 (d, J = 3.5 Hz), 115.23 (d, J = 21.8 Hz), 64.36 (d, J = 3.1 Hz), 24.05 (s). 

(±)-1-(2-Methylphenyl)ethanol (2d):2 Conditions: (±)-1-(2’-Methylphenyl)ethanol (34 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS 

(28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 
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(flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature, 80 °C, hold 2 min, ramp 

10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =8.667 min, minor enantiomer tR = 9.109 min; 

Conversion= 58%; ee= 94% of (R)-isomer. C9H12O: Calcd: 136.1, EI-MS found: 136.1. 1H NMR (400 MHz, CDCl3) δ 

7.51 (d, J = 7.6 Hz, 1H), 7.23 (d, J = 7.6 Hz, 1H), 7.19 – 7.09 (m, 2H), 5.13 (q, J = 6.4 Hz, 1H), 2.34 (s, 3H), 1.71 (s, 

1H), 1.46 (d, J = 6.4 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 143.84, 134.23, 130.37, 127.19, 126.40, 124.44, 66.81, 

23.95, 18.95. 

(±)-1-(2-Methoxyphenyl)ethanol (2e):2 Conditions: (±)-1-Phenylethanol (38 mg, 0.25 mmol); (R,R)-Mn-complex 1b 

(1.3 mg, 0.0025 mmol); KOAc (19.6mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 

mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); 

injection temp, 250 °C; detector temperature, 280 °C; column temperature, 80 °C, hold 2 min, ramp 10 oC/min to 170 

°C, then hold 10 min; major enantiomer tR =20.137 min, minor enantiomer tR = 20.474 min; Conversion= 58%; ee= 

56% of (R)-isomer. C9H12O2: Calcd: 152.1, EI-MS found: 152.1. 1H NMR (400 MHz, CDCl3) δ 7.34 (dd, J = 7.5, 1.6 

Hz, 1H), 7.28 – 7.21 (m, 1H), 6.96 (m, 1H), 6.88 (dd, J = 8.2, 0.7 Hz, 1H), 5.09 (q, J = 6.5 Hz, 1H), 3.86 (s, 3H), 1.50 

(d, J = 6.5 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 156.50, 133.40, 128.30, 126.09, 120.78, 110.38, 66.48, 55.25, 22.86. 

(±)-1-(2,3-Difluorophenyl)ethanol (2f):2c Conditions: (±)-1-(2,3-Difluorophenyl) ethanol (39.5 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; minor enantiomer tR =7.805 min, major enantiomer tR = 7.952 min; 

Conversion= 62%; ee= 99.4% of (R)-isomer. Colourless oil, C8H8F2O: Calcd: 158.0, EI-MS found: 158.1. 1H NMR 

(400 MHz, CDCl3): δ 1.48 (d, J = 4.0 Hz, 3H), 2.51 (s, 1H), 5.18 (q, J = 8.0 Hz, 1H), 7.06 (m, 2H), 7.22 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 150.3 (dd, J = 247.8, 12.9 Hz), 147.5 (dd, J = 247.1, 13.0 Hz), 135.1 (d, J = 10.3 Hz), 

124.2 (dd, J = 6.8, 4.6 Hz), 121.2 (t, J = 3.4 Hz), 115.8 (d, J = 17.1 Hz), 64.1 (t, J = 2.9 Hz), 24.0 (s). 

 

(±)-1-(2,6-Difluorophenyl)ethanol (2g):2a Conditions: (±)-1-(2,6-Difluorophenyl) ethanol (39.5 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 4 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; minor enantiomer tR =6.782 min, major enantiomer tR = 6.562 min; 

Conversion= 56%; ee= 95% of (R)-isomer. Colourless oil, C8H8F2O: Calcd: 158.0, EI-MS found: 158.1.1H NMR (400 

MHz, CDCl3): δ 7.19 (tt, J = 8.4, 6.4 Hz, 1H), 6.93 – 6.78 (m, 2H), 5.24 (q, J = 6.5 Hz, 1H), 2.55 (s, 1H), 1.61 (d, J = 

6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 160.8 (dd, J = 247.6, 8.8 Hz), 128.9 (t, J = 10.7 Hz), 120.5 (t, J = 16.6 

Hz), 112.5 – 110.7 (m), 62.3 (t, J = 3.3 Hz), 23.3 (s). 

 

(±)-1-(3-Methylphenyl)ethanol (2h): Conditions: (±)-1-(3-Methylphenyl)ethanol (34 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 
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NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =8.222 min, minor enantiomer tR = 8.430 min; 

Conversion= 63%; ee= 98.7 % of (R)-isomer. C9H12O: Calcd: 136.1, EI-MS found: 136.1. 1H NMR (400 MHz, CDCl3) 

δ 7.23 (t, J = 5.9 Hz, 1H), 7.20 – 7.13 (m, 2H), 7.08 (d, J = 7.4 Hz, 1H), 2.36 (s, 3H), 1.92 (s, 1H), 1.48 (d, J = 6.5 Hz, 

3H). 13C NMR (75 MHz, CDCl3) δ 145.81, 138.16, 128.42, 128.21, 126.13, 122.45, 70.41, 25.14, 21.50.  

(±)-1-(3-Fluorophenyl)ethanol (2i): Conditions: (±)-1-(3-Fluorophenyl)ethanol (35 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =7.693 min, minor enantiomer tR = 8.026 min; 

Conversion= 62%; ee= 98.6% of (R)-isomer. C8H9FO: Calcd: 140.1, EI-MS found: 140.1.1H NMR (400 MHz, CDCl3) 

δ 7.29 (m, 1H), 7.09 (dd, J = 12.1, 9.3 Hz, 2H), 6.94 (m, 1H), 4.87 (q, J = 6.4 Hz, 1H), 2.16 (s, 1H), 1.46 (dd, J = 6.5, 

0.6 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 162.95 (d, J = 245.7 Hz), 148.53 (d, J = 6.6 Hz), 129.97 (d, J = 8.2 Hz), 

120.96 (d, J = 2.8 Hz), 114.17 (d, J = 21.2 Hz), 112.30 (d, J = 21.8 Hz), 69.71 (d, J = 1.7 Hz), 25.19 (s). 

(±)-1-phenylethanol (2j):2 Conditions: (±)-1-Phenylethanol (30.5 mg, 0.25 mmol); (R,R)-Mn-complex 1b (1.3 mg, 

0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 mmol); room 

temperature; 20min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); injection 

temp, 250 °C; detector temperature, 280 °C; column temperature, 80 °C, hold 2 min, ramp 10 oC/min to 170 °C, then 

hold 10 min; major enantiomer tR =7.265 min, minor enantiomer tR = 7.569 min; Conversion= 63%; ee= 97% of 

(R)-isomer. C8H10O: Calcd: 122.0, EI-MS found: 122.1. 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.31 (m, 4H), 7.29 – 

7.23 (m, 1H), 4.95 – 4.79 (m, 1H), 2.08 (d, J = 54.4 Hz, 1H), 1.53 – 1.41 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 

145.85, 128.50, 127.45, 125.43, 70.35, 25.18. 

 

(±)-1-(4-Fluorophenyl)ethanol (2k):2 Conditions: (±)-1-(4-Fluorophenyl)ethanol (35 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =7.588 min, minor enantiomer tR = 7.986 min; 

Conversion= 63%; ee= 97.5% of (R)-isomer.  C8H9FO: Calcd: 140.1, EI-MS found: 140.1. 1H NMR (400 MHz, 

CDCl3) δ 7.34 – 7.28 (m, 2H), 7.05 – 6.97 (m, 2H), 4.85 (q, J = 6.4 Hz, 1H), 2.19 (s, 1H), 1.45 (d, J = 6.5 Hz, 3H). 13C 

NMR (75 MHz, CDCl3) δ 162.06 (d, J = 245.0 Hz), 141.51 (d, J = 3.1 Hz), 127.05 (d, J = 8.1 Hz), 115.23 (d, J = 21.3 

Hz), 69.71 (s), 25.27 (s). 

(±)-1-(4-Methylphenyl)ethanol (2l):2 Conditions: (±)-1-(4-Methylphenyl)ethanol (34 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 
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gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =8.982 min, minor enantiomer tR = 8.309 min; 

Conversion= 62%; ee= 94.5% of (R)-isomer. C9H12O: Calcd: 136.1, EI-MS found: 136.1. 1H NMR (400 MHz, CDCl3) 

δ 7.25 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H), 4.83 (q, J = 6.4 Hz, 1H), 2.33 (s, 3H), 2.02 (s, 1H), 1.46 (d, J = 6.5 

Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 142.93, 137.10, 129.16, 125.40, 70.19, 25.12, 21.14. 

(±)-1-(4-Trifluoromethylphenyl)ethanol (2m):2 Conditions: (±)-1-(4- Trifluoromethylphenyl)ethanol (47.5 mg, 0.25 

mmol); (R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 

μL); NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): 

carrier gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,130 °C, 

hold 4 min, ramp 5 oC/min to 170 °C, then hold 10 min; major enantiomer tR =3.526 min, minor enantiomer tR = 4.093 

min; Conversion= 60%; ee= 94 % of (R)-isomer. C9H9F3O: Calcd: 190.1, EI-MS found: 190.1. 1H NMR (400 MHz, 

CDCl3) δ 7.61 (d, J = 8.1 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 4.97 (q, J = 6.5 Hz, 1H), 1.91 (s, 1H), 1.51 (d, J = 6.5 Hz, 

3H). 13C NMR (75 MHz, CDCl3) δ 149.68 (s), 125.95 (s), 125.64 (s), 125.48 (s), 125.43 (s), 69.84 (s), 25.43 (s). 

(±)-1-(4-Chlorophenyl)ethanol (2n):2 Conditions: (±)-1-(4-Chlorophenyl)ethanol (39 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 20 min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 

min, ramp 10 oC/min to 170 °C, then hold 10 min; major enantiomer tR =9.756 min, minor enantiomer tR = 10.038 min; 

Conversion= 61%; ee= 94% of (R)-isomer. C8H9ClO: Calcd: 156.0, EI-MS found: 156.1. 1H NMR (400 MHz, CDCl3) 

δ 7.32 – 7.26 (m, 4H), 4.85 (q, J = 6.5 Hz, 1H), 2.13 (s, 1H), 1.45 (d, J = 6.5 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 

144.26, 132.98, 128.56, 126.82, 69.65, 25.25. 

(±)-1-Indanol (2o):2e Conditions: (±)-1-indanol (33.5 mg, 0.25 mmol); (R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); 

KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 mmol); room temperature; 2 

h. Conversion was determined GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); 

injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 10 min, rap 10 oC/min to 170 

°C, then hold 10 min; Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (hexane: 

isopropanol =90:10, 0.8 mL/min, 254 nm); major enantiomer tR = 13.917 min, minor enantiomer tR = 13.530 min; 

Conversion= 61%; ee= 99.9% of (R)-isomer. C9H10O: Calcd: 134.1, EI-MS found: 134.1. 1H NMR (400 MHz, CDCl3) 

δ 7.37 (d, J = 6.8 Hz, 1H), 7.25 – 7.16 (m, 3H), 5.17 (d, J = 5.2 Hz, 1H), 3.07 – 2.92 (m, 1H), 2.85 – 2.69 (m, 1H), 2.49 

– 2.36 (m, 1H), 1.97 – 1.78 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 145.06, 143.32, 128.22, 126.67, 124.87, 124.33, 

76.19, 35.77, 29.82. 

(±)-6,7,8,9-tetrahydro-5H-benzocyclohepten-5-ol (2p):2 Conditions: (±)- 

6,7,8,9-tetrahydro-5H-benzocyclohepten-5-ol (40.5 mg, 0.25 mmol); (R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); 

KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 mmol); room temperature; 2 

h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); injection temp, 250 °C; 

detector temperature, 280 °C; column temperature,100 °C, hold 10 min, ramp 10 oC/min to 170 °C, then hold 10 min; 

major enantiomer tR = 11.704 min, minor enantiomer tR = 12.416 min; Conversion= 55%; ee= 94% of (R)-isomer. 
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C11H14O: Calcd: 162.1, EI-MS found: 162.0. 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 7.4 Hz, 1H), 7.20 (td, J = 7.4, 

1.5 Hz, 1H), 7.15 (td, J = 7.3, 1.5 Hz, 1H), 7.09 (dd, J = 7.3, 1.1 Hz, 1H), 4.92 (d, J = 7.5 Hz, 1H), 2.91 (dd, J = 14.0, 

8.4 Hz, 1H), 2.70 (ddd, J = 14.1, 10.6, 1.3 Hz, 1H), 2.11 – 1.99 (m, 1H), 1.95 (dd, J = 8.8, 7.5 Hz, 2H), 1.86 – 1.69 (m, 

3H), 1.56 – 1.36 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 144.29, 140.81, 129.51, 126.99, 126.12, 124.55, 73.98, 36.58, 

35.75, 27.86, 27.60. 

 (±)-Menthol (2q):2e Conditions: (±)- Menthol (39 mg, 0.25 mmol); (R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); 

KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 mmol); room temperature; 2 

h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); injection temp, 250 °C; 

detector temperature, 280 °C; column temperature,100 °C, hold 10 min, ramp 10 oC/min to 170 °C, then hold 10 min; 

major enantiomer tR = 16.217 min, minor enantiomer tR = 15.965 min; Conversion= 64%; ee= 98.7% of (S)-isomer. 

C10H20O: Calcd: 156.1, EI-MS found: 156.0. 1H NMR (400 MHz, CDCl3) 3.41 (m, 1H), 2.25 – 2.09 (m, 1H), 1.96 (dd, 

J = 9.3, 2.7 Hz, 1H), 1.63 (ddd, J = 12.9, 11.5, 2.4 Hz, 2H), 1.52 – 1.35 (m, 2H), 1.32 – 1.18 (m, 1H), 1.16 – 1.04 (m, 

1H), 0.98 (m,1H), 0.94 (m,1H),0.91 (tt, J = 8.4, 3.3 Hz, 6H), 0.84 – 0.75 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 71.48, 

50.06, 44.98, 34.51, 31.62, 25.74, 23.03, 22.24, 21.04, 16.02. 

(±)-1,1-Diphenyl-2-propanol (2r):2e Conditions: (±)-1,1-Diphenyl-2-propanol (53 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 2 h. Conversion was determined GC (Varian Capillary Column 

CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column 

temperature,100 °C, hold 10 min, rap 10 oC/min to 170 °C, then hold 10 min; Enantiomeric excess was determined by 

HPLC with a Chiralcel OJ column (hexane: isopropanol =75:25, 1 mL/min, 254 nm); major enantiomer tR = 50.581 

min, minor enantiomer tR = 40.608 min; Conversion= 59%; ee= 99.9% of (R)-isomer. C15H16O: Calcd: 212.1, EI-MS 

found: 212.1. 1H NMR (400 MHz, CDCl3) δ 7.39 (d, J = 7.9 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.30 – 7.26 (m, 4H), 

7.24 (dd, J = 6.9, 5.2 Hz, 1H), 7.21 – 7.15 (m, 1H), 4.55 (dq, J = 8.7, 6.1 Hz, 1H), 3.81 (d, J = 8.8 Hz, 1H), 1.68 (s, 

1H), 1.20 (dd, J = 6.1, 0.8 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 142.51, 141.54, 128.93, 128.66, 128.20, 126.96, 

126.60, 70.08, 60.64, 21.43. 

(±)- 1-(2-Naphthyl)ethanol (2s):2e Conditions: (±)-1-(2’-Naphthyl)ethanol (43 mg, 0.25 mmol); (R,R)-Mn-complex 1b 

(1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 

mmol); room temperature; 2 h. Conversion was determined GC (Varian Capillary Column CP-Chirasil-Dex CB): 

carrier gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, 

hold 10 min, ramp 10 oC/min to 170 °C, then hold 10 min; Enantiomeric excess was determined by HPLC with a 

Chiralcel OD-H column (hexane: isopropanol =90:10, 1 mL/min, 254 nm) major enantiomer tR = 14.530 min, minor 

enantiomer tR = 13.917 min; Conversion= 58%; ee= 99.8% of (R)-isomer. C12H12O: Calcd: 172.1, EI-MS found: 172.1. 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.70 (m, 4H), 7.62 – 7.38 (m, 3H), 5.06 (q, J = 6.4 Hz, 1H), 1.78 (s, 1H), 1.58 (d, 

J = 6.5 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 143.20, 133.29, 132.89, 128.33, 127.95, 127.69, 126.17, 125.82, 

123.84, 123.81, 70.53, 25.17. 

 (±)-1-phenyl-2-propanol (2t):2d Conditions: (±)-1- phenyl-2-propanol (31.5 mg, 0.25 mmol); (R,R)-Mn-complex 1b 

(1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 
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mmol); room temperature; 2 h. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 mL/min); 

injection temp, 250 °C; detector temperature, 280 °C; column temperature,100 °C, hold 5 min, ramp 5 oC/min to 170 

°C, then hold 10 min; major enantiomer tR = 9.065 min, minor enantiomer tR = 8.919 min; Conversion= 64%; ee= 98% 

of (R)-isomer. C8H12O: Calcd: 136.1, EI-MS found: 136.1. 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.25 (m, 2H), 7.24 – 

7.14 (m, 3H), 4.05 – 3.89 (m, 1H), 2.71 (qd, J = 13.4, 6.4 Hz, 2H), 1.83 (s, 1H), 1.21 (d, J = 6.2 Hz, 3H). 13C NMR (75 

MHz, CDCl3) δ 138.61, 129.46, 128.56, 126.49, 68.90, 45.80, 22.79. 

(±)-3,3dimethyl-2-propanol (2u):2e Conditions: (±)-3,3dimethyl-2-propanol (25.5 mg, 0.25 mmol); 

(R,R)-Mn-complex 1b (1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); 

NBS (28.9 mg, 0.1625 mmol); room temperature; 20min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier 

gas, N2 (flow 20 mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,50 °C, hold 2 

min, ramp 4 oC/min to 170 °C, then hold 10 min; major enantiomer tR = 7.656 min, minor enantiomer tR = 7.944 min; 

Conversion= 63%; ee= 86% of (R)-isomer. C6H14O: Calcd: 102.1, EI-MS found: 102.1. 1H NMR (400 MHz, CDCl3) δ 

3.48 (q, J = 6.4 Hz, 1H), 1.45 (s, 1H), 1.12 (d, J = 6.4 Hz, 3H), 0.89 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 75.65, 

34.89, 25.40, 17.86. 

(±)-1-cyclopropylethanol (2v):2e Conditions: (±)-1-cyclopropylethanol (21.5 mg, 0.25 mmol); (R,R)-Mn-complex 1b 

(1.3 mg, 0.0025 mmol); KOAc (19.6 mg, 0.2 mmol); H2O (1.00 mL) and CH2Cl2 (500 μL); NBS (28.9 mg, 0.1625 

mmol); room temperature; 20min. GC (Varian Capillary Column CP-Chirasil-Dex CB): carrier gas, N2 (flow 20 

mL/min); injection temp, 250 °C; detector temperature, 280 °C; column temperature,50 °C, hold 2 min, ramp 4 oC/min 

to 170 °C, then hold 10 min; major enantiomer tR = 5.798 min, minor enantiomer tR = 6.013 min; Conversion= 62%; 

ee= 67% of (R)-isomer. C5H10O: Calcd: 86.0, EI-MS found: 86.1. 1H NMR (400 MHz, CDCl3) δ 3.05 (dq, J = 8.3, 6.2 

Hz, 1H), 1.85 (s, 1H), 1.25 (d, J = 6.2 Hz, 3H), 0.88 (m, 1H), 0.54 – 0.40 (m, 2H), 0.30 – 0.21 (m, 1H), 0.19 – 0.09 (m, 

1H). 13C NMR (75 MHz, CDCl3) 72.98, 22.39, 19.16, 3.01, 2.21. 

3.4.  Studies of the reaction between NBS and water. 
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Figure S1. 1H NMR of NBS in CDCl3 
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Figure S2. 1H NMR of NBS in D2O 
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Figure S3. 1H NMR of NBS in D2O after 1 h. 
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Figure S4. 1H NMR of NBS in D2O in the presence of KOAc. 
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Figure S5. 1H NMR in CDCl3 (NBS was stirred in water in the presence of KOAc for 1 h, then the mixture was 

extracted with CDCl3). 
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Figure S6.  UV-visible absorbance spectra of NBS in water in the presence of KOAc. 
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The UV-visible spectra also indicate that the reaction between NBS and water in the presence of KOAc is slow. 
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Figure S7.  UV-visible absorbance spectra of PhI(OAc)2 and KBr in water in the presence of KOAc. 

The UV-visible spectra indicate that the reaction between PhI(OAc)2 and KBr in water is rapid. Once PhI(OAc)2 and 

KBr are added together in water,   iodobenzene is observed. The finding is also confirmed by GC-MS spectrum. It is 

well in accordance with the observation by Corey. This results reveal that the forming HOBr is rapid, and the real 

oxidant species in the PhI(OAc)2/KBr/H2O OKR system is HOBr.3 
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6. Copies of GS or HPLC Spectra 
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