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I. General information 

All reactions were maintained under an argon atmosphere. Anhydrous solvents were freshly 

distilled from sodium benzophenone ketyl, except for CH2Cl2, which was distilled from CaH2. 

Extracts were dried over anhydrous Na2SO4 and then filtered prior to removal of all volatiles 

under reduced pressure. Unless otherwise noted, commercially available materials were used 

without further purification. Flash chromatography (FC) was performed using silica gel 60 (240–

400 mesh). Thin layer chromatography was performed using commercial pre-coated glass plates 

(silica gel 60 PF254, 0.25 mm). 

Nuclear magnetic resonance (NMR) spectra were recorded at operating frequencies of 

300/400 MHz (1H) or 75/100 MHz (13C). Chemical shifts (δ) are given in ppm relative to 

residual solvent (usually chloroform δ = 7.26 for 1H NMR or δ = 77.23 for proton decoupled 13C 

NMR) and coupling constants (J) in Hz. Multiplicities are tabulated as s for singlet, d for doublet, 

t for triplet, q for quadruplet, and m for multiplet, whereby the prefix app is applied in cases 

where the true multiplicity is unresolved and br when the signal in question is broadened. 

Ketone 29 was prepared by condensing (acetylmethylene)triphenylphosphorane with 

hydrocinnamaldehyde at 80 ºC in toluene. Racemic alcohols were prepared by reduction of 

corresponding commercial ketones with NaBH4 or NaBH4/CeCl3 (for enones)1 and purified by 

flash column chromatography. The isothiocyanates used below were prepared according to 

Jacobsen.2 Absolute configuration of 28, 32, 34, and 36 assigned via comparison with authentic 

standards; the absolute configuration of 30 was made by analogy with the other examples 

generated using catalyst D. 

 

                                                 
(1) Luche, J.-P. J. Am. Chem. Soc. 1978, 100, 2226. 
(2) Zuend, S. J.; Jacobsen, E. N. J. Am. Chem. Soc. 2007, 129, 15872–15883. 
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II. Preparation of catalysts 

 

Catalysts C and D. 3,5-Bis(trifluoromethyl)phenyl isothiocyanate (1.3 mL, 7.1 mmol, 1.0 

equiv) was added to a rt solution of (R,R)-cyclohexanediamine (970 mg, 8.51 mmol, 1.2 equiv) 

in anhydrous dichloromethane (20 mL). After 10 h, the reaction mixture was loaded onto a silica 

gel column and chromatographed using EtOAc/MeOH/NH4OH (200:5:1→100:20:1) to give 1-

((1R,2R)-2-aminocyclohexyl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea (catalyst C) 3
 (2.0 g, 

73%) as a yellow foam. TLC: Rf ∼ 0.31 (EtOAc/MeOH/NH4OH, 100:5:1); [α]20
D = +76.9 (c 1.7, 

CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 8.01 (s, 2H), 7.55 (s, 1H), 6.62 (br s, 1H), 3.37 (br s, 1H), 

2.69-2.65 (m, 1H), 2.04 (br s, 2H, NH2), 1.98-1.91 (m, 2H), 1.80-1.65 (m, 2H), 1.40-1.20 (m, 

4H); 13C NMR (CDCl3, 75 MHz) δ 183.3, 142.0, 131.8 (q, JCF = 33.9 Hz), 128.8, 125.2, 122.9, 

121.5, 117.9, 117.7, 63.4, 56.8, 35.1, 32.3, 24.7; HRMS (FAB, NBA) Calcd. for C15H18N3SF6 

[MH]+ m/z 386.1125, found 386.1128. 

 

Benzaldehyde (0.578 mL, 5.45 mmol, 1.05 equiv) was added to a rt solution of catalyst C (2 

g, 5.19 mmol, 1.0 equiv) in anhydrous MeOH (15 mL) under an argon atmosphere. After 4 h, the 

reaction mixture was cooled to 0 °C and NaBH4 (211 mg, 5.71 mmol, 1.1 equiv) was added in 

portions. After another 20 min, saturated aq. NH4Cl solution (50 mL) was added followed by 

conc. NH4OH (2 mL). The resulting mixture was stirred for an additional 20 min, then extracted 

with dichloromethane (100 mL × 5). After drying over Na2SO4, the combined organic extracts 

were evaporated to dryness. The residue was purified by flash chromatography on silica gel 

using hexanes/EtOAc/MeOH/NH4OH (400:100:5:1) to afford 1-((1R,2R)-2-

(benzylamino)cyclohexyl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea (catalyst D)3 (2.02 g, 82%) 

as a pale yellow foam. The product was recrystallized from hexanes/CH2Cl2 as a white solid 

(75%), mp 140 °C-141 °C. TLC: Rf ∼ 0.48 (CH2Cl2/MeOH, 9:1); 1H NMR (CDCl3, 300 MHz) δ 

                                                 
(3) Han, B.; Liu, Q.-P.; Li, R.; Tian, X.; Xiong, X.-F.; Deng, J.-G.; Chen, Y.-C. Chem. Eur. J. 

2008, 14, 8094–8097. 
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7.69 (s, 2H), 7.48 (s, 1H), 7.29-7.20 (m, 5H), 6.59 (br s, 1H), 3.97 (d, J = 12.3 Hz, 1H), 3.82 (d, 

J = 12.3 Hz, 1H), 3.44 (br s, 1H), 2.49-2.42 (m, 1H), 2.18-2.00 (m, 2H), 1.90-1.75 (m, 2H), 1.40-

1.20 (m, 4H); 13C NMR (CDCl3, 75 MHz) δ 183.3, 141.8, 138.0, 131.5 (q, JCF ~ 30 Hz), 129.1, 

128.6, 128.3, 128.1, 125.0, 122.4, 121.4, 117.1, 64.4, 62.5, 54.7, 33.2, 32.6, 24.9, 24.6; HRMS 

(FAB, NBA) Calcd. for C22H24N3SF6 [MH]+ m/z 476.1595, found 476.1598. 

 

  

Catalyst G. Following the general procedure used to synthesize catalyst D, (S)-2-

isothiocyanato-N,3,3-trimethylbutanamide was used to prepare catalyst G (54%). [α]20
D = +54.9 

(c 1.30, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.99 (br s, 1H), 7.39-7.20 (m, 5H), 5.94 (br s, 

2H), 4.77 (d, J = 7.8 Hz, 1H), 3.79 (br s, 2H), 3.45 (br s, 1H), 2.78 (d, J = 4.8 Hz, 3H), 2.40-2.35 

(m, 1H), 2.10-1.95 (m, 1H), 1.95-1.80 (m, 2H), 1.75-1.65 (m, 2H), 1.27-1.12 (m, 4H), 1.00 (s, 

9H); 13C NMR (CDCl3, 75 MHz) δ 183.4, 171.5, 139.9, 128.7 (2C), 128.4 (2C), 127.3, 67.2, 61.1, 

60.2, 51.7, 34.7, 32.8, 32.0, 27.0 (3C), 26.2, 24.8, 24.7; HRMS (ES) Calcd. for C21H35N4OS 

[MH]+ m/z 391.2532, found 391.2529. 

 

 

Catalyst H. Following the general procedure used to synthesize catalyst D, (S)-N-benzyl-2-

isothiocyanato-N,3,3-trimethylbutanamide was used to prepare catalyst H (50%). [α]20
D = +24.5 

(c 0.80, CHCl3); 
1H NMR (CDCl3, 400 MHz) δ 7.92 (br s, 1H), 7.35-7.20 (m, 5H), 6.06 (d, J = 

1.2 Hz, 1H), 5.59 (d, J = 9.2 Hz, 1H), 4.94 (d, J = 14.4 Hz, 1H), 4.15 (d, J = 14.4 Hz, 1H), 3.80 

(d, J = 13.6 Hz, 1H), 3.76 (d, J = 13.6 Hz, 1H), 3.46 (br s, 2H), 3.15 (s, 3H), 2.34-2.28 (m, 1H), 

2.10-1.95 (m, 1H), 1.95-1.80 (m, 2H), 1.70-1.65 (m, 2H), 1.30-1.10 (m, 4H), 1.00 (s, 9H); 13C 
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NMR (CDCl3, 75 MHz) δ 183.1, 172.2, 140.1, 137.1, 128.7 (2C), 128.6 (2C), 128.4 (4C), 127.6, 

127.2, 61.4, 61.1, 60.2, 51.7, 51.4, 36.3, 36.2, 32.7, 31.9, 26.9 (3C), 24.8, 24.6; HRMS (FAB, 

NBA) Calcd. for C28H41N4OS [MH]+ m/z 481.3001, found 481.2998. 

 

NH

NH

S

H
N

Ph

N
H

O

N

O

 

Catalyst I. Following the general procedure used to synthesize catalyst D, (S)-N-((R)-1-

(dimethylamino)-3-methyl-1-oxobutan-2-yl)-2-isothiocyanato-3,3-dimethylbutanamide was used 

to prepare catalyst I (50%). [α]20
D = +32.9 (c 2.05, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.99 

(br s, 1H), 7.29-7.18 (m, 5H), 6.75 (d, J = 7.8 Hz, 1H), 6.20 (d, J =  5.4 Hz, 1H), 4.78 (d, J = 5.1 

Hz, 1H), 4.76 (d, J = 5.4 Hz, 1H), 3.77 (br s, 2H), 3.48 (br s, 1H), 3.03 (s, 3H), 2.91 (s, 3H), 

2.40-2.35 (m, 1H), 2.10-1.80 (m, 3H), 1.75-1.60 (m, 2H), 1.27-1.08 (m, 4H), 1.01 (s, 9H), 094 (d, 

J = 7.2 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ 183.4, 171.1, 170.5, 

140.1, 128.5 (2C), 128.3 (2C), 127.1, 67.2, 61.1, 60.2, 53.8, 51.7, 37.4, 35.7, 34.8, 32.5, 31.9, 

31.7, 27.2 (3C), 24.7, 24.6, 19.9, 17.7; HRMS (ES) Calcd. for C27H46N5O2S [MH]+ m/z 504.3372, 

found 504.3374. 

 



S-6 

III. Reaction parameter optimization 

a. Temperature dependence 

 
entry temperature (°C) yield (%) ee (%)a 

1 -78 24 73 

2 -65 64 96 

3 -59 ~ -62 80 97.7 

4 -55 81 97.9 

5 -46 88 98 

6 -46 (in THF) 39 22 

7 -46 (in CH2Cl2) 49 49 

8 -41 ~ -42 76 97.3 

9 -30 88 85 

10 -20 60 85 

 
b. Catalyst survey of 4-phenylbut-3(E)-en-2-one 
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c. Catalyst survey for 6-phenylhex-3(E)-en-2-one (29) 
 

 
 

(A negative % ee indicates the R-enantiomer was produced) 
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d. Catalyst survey for 4-phenylbutan-2-one (33) 
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IV. General reduction procedure and examples 

A mixture of catalyst D (12 mg, 0.025 mmol), 4Å molecular sieves (250 mg, freshly 

activated), and acetophenone (30 mg, 0.25 mmol) in toluene (0.7 mL) under an argon 

atmosphere was cooled to -78 °C. A solution of catecholborane (0.4 mL, 1.0 M in toluene, 0.4 

mmol) was added slowly and the reaction mixture was placed in a -46 °C bath. After stirring for 

24 h at -46 °C, MeOH (1 mL) followed by 3 N NaOH solution (1 mL) were added. The mixture 

was gradually warmed to room temperature and stirred for another 1 h and then extracted with 

Et2O ( 20 mL ×  3), dried over Na2SO4 and concentrated in vacuo. The residue was purified by 

flash column chromatography on silica gel using hexanes/EtOAc (6:1) as eluent to give (S)-1-

phenylethanol (2) as a colorless oil (27 mg, 88%). HPLC analysis: 98% ee using Chiralcel OD 

column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 19.2 min, Rt 

(minor) = 15.0 min; major isomer [α]20
D = -51.7 (c 1.09, CHCl3), lit.

4 (R)-1-phenylethanol, 96% 

ee, [α]D = +42.92 (c 1.04, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.38-7.23 (m, 5H), 4.87 (q, J = 

6.3 Hz, 1H), 2.03 ( br s, 1H), 1.90 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ 145.9, 

128.6 (2C), 127.6, 125.5 (2C), 70.5, 25.3.  

 
OH

 

(S)-1-Phenylpropan-1-ol (4). 86% yield, 99% ee. HPLC analysis: Chiralcel OD column (250 

mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 17.3 min, Rt (minor) = 

14.4 min; major isomer [α]20
D = -47.4 (c 1.48, CHCl3), lit.5 (S)-1-phenylpropan-1-ol, 98% ee, 

[α]25
D = -48.4 (c 2.31, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.38-7.26 (m, 5H), 4.57 (t, J = 6.3 

Hz, 1 H), 2.25 (br s, 1 H), 1.87-1.69 (m, 2H), 0.91 (t, J = 7.8 Hz, 3H); 13C NMR (CDCl3, 75 

MHz) δ 145.0, 128.5 (2C), 127.6, 126.1 (2C), 74.5, 41.3, 19.1, 14.1. 

 

                                                 
(4) Sokeirik, Y. S.; Mori, H.; Omote, M.; Sato, K.; Tarui, A.; Kumadaki, I.; Ando, A. Org. Lett. 

2007, 9, 1927–1929. 
(5) Lutz, C.; Knochel, P. J. Org. Chem. 1997, 62, 7895–7898. 
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OH

 

(S)-1-Phenylbutan-1-ol (6). 81% yield, 99% ee. HPLC analysis: Chiralcel OD column (250 mm 

× 4.6 mm), 1% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 23.8 min, Rt (minor) = 21.8 

min); major isomer [α]20
D = -47.6 (c 0.50, CHCl3), lit.

6 (R)-1-phenylbutan-1-ol, 93% ee, [α]24
D = 

+42 (c 0.28, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.38-7.26 (m, 5H), 4.64 (t, J = 6.3 Hz, 1 H), 

2.21 (br s, 1 H), 1.83-1.63 (m, 2H), 1.47-1.26 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); 13C NMR 

(CDCl3, 75 MHz) δ 144.7, 128.5 (2C), 127.6, 126.1 (2C), 76.1, 31.9, 10.2. 

 

OH

 

(S)-1-o-Tolylethanol (8). 71% yield, 95% ee. HPLC analysis: Chiralpak AD column (250 mm × 

4.6 mm), 2% iPrOH/hexane, 0.5 mL/min, 254 nm, Rt (major) = 24.4 min, Rt (minor) = 21.8 min; 

major isomer [α]20
D = -70.0 (c 1.0, CHCl3), lit.

7 (S)-1-o-tolylethanol, 98% ee, [α]25
D = -39.7 (c 

0.56, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.52-7.49 (m, 1H), 7.27-7.12 (m, 3 H), 5.10 (q, J = 

6.3 Hz, 1H), 2.34 (s, 3H), 2.16 (br s, 1 H), 1.45 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 75 MHz) 

δ 143.9, 134.2, 130.4, 127.2, 126.4, 124.5, 66.8, 24.0, 19.0. 

 

OH

F3C

 

(S)-1-(3-(Trifluoromethyl)phenyl)ethanol (10). 92% yield, 96% ee. HPLC analysis: Chiralcel 

OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 14.0 min, 

Rt (minor) = 17.6 min; major isomer [α]20
D = -31.0 (c 1.95, CHCl3), lit. 8  (S)-1-(3-

(trifluoromethyl)phenyl)ethanol, >99% ee,  [α]20
D = -27.9 (c 1.64 in CH3OH); 1H NMR (CDCl3, 

                                                 
(6) Node, M.; Nishide, K.; Shigeta, Y.; Shiraki, H.; Obata, K. J. Am. Chem. Soc. 2000, 122, 

1927–1936. 
(7) Evans, D. A.; Michael, F. E.; Tedrow, J. S.; Campos, K. R. J. Am. Chem. Soc. 2003, 125, 

3534–3543. 
(8) Tanaka, K.; Katsurada, M.; Ohno, F.; Shiga, Y.; Oda, M. J. Org. Chem. 2000, 65, 432. 
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300 MHz) δ 7.63 (d, J = 0.6 Hz, 1H), 7.54-7.42 (m, 3H), 4.93 (q, J = 6.3 Hz, 1H), 2.33 (br s, 1H), 

1.48 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ 146.8, 131.0 (q, JCF = 32.1 Hz), 129.1, 

128.9, 124.4, 124.3, 122.4, 69.9, 25.4. 

 

OH

MeO  

(S)-1-(4-Methoxyphenyl)ethanol (12). 80% yield, 97% ee. HPLC analysis: Chiralcel OB 

column (250 mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm, Rt (major) = 21.2 min, Rt 

(minor) = 18.6 min; major isomer [α]20
D = -52.3 (c 1.55, CHCl3), lit.4 (R)-1-(4-

methoxyphenyl)ethanol, 92% ee, [α]D = +40.64 (c 1.53, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 

7.30-7.25 (m, 2H), 6.89-6.84 (m, 2H), 4.82 (q, J = 6.6 Hz, 1H), 3.79 (s, 3H), 2.22 (br s, 1H), 1.46 

(d, J = 6.6 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ 159.0, 138.1, 126.8 (2C), 113.9 (2C), 70.0, 

55.4, 25.1.  

 

OH

F  

(S)-1-(4-Fluorophenyl)ethanol (14). 84% yield, 99% ee. HPLC analysis: Chiralcel OB column 

(250 mm × 4.6 mm), 1% iPrOH/hexane, 0.6 mL/min, 254 nm, Rt (major) = 36.4 min, Rt (minor) 

= 43.0 min; major isomer [α]20
D = -44.8 (c 1.40, CHCl3), lit.

9 (S)-1-(4-fluorophenyl)ethanol, 97% 

ee, [α]D = -47.4 (c 0.0576, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.34-7.26 (m, 2H), 7.05-

7.6.98 (m, 2H), 4.84 (q, J = 6.6 Hz, 1H), 2.27 (br s, 1H), 1.45 (d, J = 6.3 Hz, 3H); 13C NMR 

(CDCl3, 75 MHz) δ 162.2 (d, JCF = 243.8 Hz), 141.7 (d, J = 3.1 Hz), 127.2 (d, J = 7.9 Hz, 2C), 

115.4 (d, J = 21.2 Hz, 2C), 69.8, 25.4. 

 

                                                 
(9) Carter, M. B.; Schiøtt, B.; Gutiérrez, A.; Buchwald, S. L. J. Am. Chem. Soc. 1994, 116, 

11667. 
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OH

Cl  

(S)-1-(4-Chlorophenyl)ethanol (16). 94% yield, 99% ee. HPLC analysis: Chiralcel OB column 

(250 mm × 4.6 mm), hexane/EtOH (60:1), 0.5 mL/min, 254 nm, Rt (major) = 22.1 min, Rt (minor) 

= 25.8 min; major isomer [α]20
D  = -44.2 (c 1.80, CHCl3), lit.10 (S)-1-(4-chlorophenyl)ethanol, 

96% ee, [α]27
D = -45.0 (c 0.90, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.33-7.25 (m, 4H), 4.86 

(q, J = 6.0 Hz, 1H), 2.00 (br s, 1H), 1.43 (d, J = 6.0 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ 

144.4, 133.2, 128.7 (2C), 126.9 (2C), 69.9, 25.4. 

 

OH

Br  

(S)-1-(4-Bromophenyl)ethanol (18). 95% yield, 99% ee. HPLC analysis: Chiralcel OB column 

(250 mm × 4.6 mm), hexane/EtOH (60:1), 0.5 mL/min, 254 nm; Rt (major) = 24.5 min, Rt (minor) 

= 28.9 min); major isomer [α]20
D = -36.9 (c 2.40, CHCl3), lit.

10 (S)-1-(4-bromophenyl)ethanol, 

98% ee, [α]27
D = -37.3 (c 1.1, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.48-7.44 (m, 2H), 7.26-

7.21 (m, 2H), 4.84 (q, J = 6.3 Hz, 1H), 2.02 (br s, 1H), 1.46 (d, J = 6.3 Hz, 3H); 13C NMR 

(CDCl3, 75 MHz) δ 144.9, 131.7 (2C), 127.3 (2C), 121.3, 69.9, 25.4. 

 

OH

 

(S)-1,2,3,4-Tetrahydronaphthalen-1-ol (20). 86% yield, 99% ee. HPLC analysis: Chiralcel OD 

column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 16.2 min, Rt 

(minor) = 18.6 min; major isomer [α]20
D = +38.9 (c 1.45, CHCl3), lit.7 (S)-1,2,3,4-

tetrahydronaphthalen-1-ol, 91% ee, [α]25
D = +31.2 (c 0.54, CHCl3);

 1H NMR (CDCl3, 300 MHz) 

δ 7.44-7.41 (m, 1H), 7.23-7.19 (m, 2H), 7.12-7.10 (m, 1H), 4.77 (t, J = 4.5 Hz, 1H), 2.88-2.68 

                                                 
(10) Utsukihara, T.; Misumi, O.; Kato, N.; Kuroiwa, T.; Horiuchi C. A. Tetrahedron: Asymmetry 

2006, 17, 1179–1185.  
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(m, 2H), 2.05 (br s, 1H), 2.02-1.75 (m, 4H); 13C NMR (CDCl3, 75 MHz) δ 138.9, 137.2, 129.1, 

128.8, 127.6, 126.3, 68.2, 32.3, 29.3, 18.9. 

 

O

OH

 

(S)-Chroman-4-ol (22). 95% yield, 98% ee. HPLC analysis: Chiralcel OJ-H column (250 mm × 

4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 16.1 min, Rt (minor) = 21.2 min; 

major isomer [α]20
D = -62.0 (c 1.8, CHCl3), lit.

11 (R)-chroman-4-ol, >99% ee, [α]20
D = +65 (c 1.0, 

CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 7.27 (dd, J = 7.5, 1.5Hz, 1H), 7.20 (dt, J = 9.0, 1.5 Hz, 

1H), 6.90 (dt, J = 6.6, 0.9 Hz, 1H), 6.82 (d, J = 8.1 Hz, 1H), 4.70 (q, J = 5.1 Hz, 1H), 4.23 (dd, J 

= 3.0, 1.2 Hz, 1H), 4.21 (d, J = 3.9 Hz, 1H), 2.51 (d, J = 4.8 Hz, 1H), 2.12-1.91 (m, 2H); 13C 

NMR (CDCl3, 75 MHz) δ 154.6, 129.9, 129.8, 124.4, 120.6, 117.1, 63.2, 62.0, 30.9. 

 

OH

 

(S)-1-(Naphthalen-2-yl)ethanol (24). 93% yield, 98% ee. HPLC analysis: Chiralcel OJ-H 

column (250 mm × 4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 25.7 min, Rt 

(minor) = 33.7 min); major isomer [α]20
D = -50.0 (c 2.0, CHCl3), lit.7 (S)-1-(naphthalen-2-

yl)ethanol, 94% ee, [α]25
D = -40.6 (c 0.8, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.85-7.79 (m, 

2H), 7.52-7.45 (m, 2H), 5.03 (q, J = 6.6 Hz, 1H), 2.33 (br s, 1H), 1.57 (d, J = 6.3 Hz,  3H); 13C 

NMR (CDCl3, 75 MHz) δ 143.3, 133.4, 133.0, 128.4, 128.0, 127.8, 126.2, 125.9, 124.0, 123.9, 

70.6, 25.2. 

 

                                                 
(11) Wettergren, J.; Bogevig, A.; Portier, M.; Adolfssona, H. Adv. Synth. Catal. 2006, 348, 

1277–1282. 
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OH

S  

(S)-1-(Thiophen-2-yl)ethanol (26). 66% yield, 97% ee. HPLC analysis: Chiralcel OD column 

(250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 30.0 min, Rt (minor) 

= 38.3 min; major isomer [α]20
D = -24.6 (c 0.90, CHCl3), lit.

12 (S)-1-(thiophen-2-yl)ethanol, 99% 

ee, [α]24
D = -26.0 (c 1.02, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.26-7.21 (m, 1H), 6.98-6.94 

(m, 2H), 5.09 (q, J = 6.6 Hz, 1H), 2.61 (br s, 1H), 1.57 (d, J = 6.3 Hz, 3H); 13C NMR (CDCl3, 75 

MHz) δ 150.0, 126.7, 124.5, 123.3, 66.2, 25.3. 

 

Ph

OH

 

(S)-4-Phenylbut-3(E)-en-2-ol (28). 78% yield, 90% ee. HPLC analysis: Chiralcel OD column 

(250 mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm, Rt (major) = 22.8 min, Rt (minor) 

= 16.0 min; major isomer [α]20
D = -28.6 (c 1.4, CHCl3), lit.

4 (S)-4-phenylbut-3(E)-en-2-ol, 92% 

ee, [α]25
D = +16.4 (c 0.9, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.40-7.22 (m, 5H), 6.57 (d, J = 

15.9 Hz, 1H), 6.27 (ddd, J = 15.9, 6.3, 0.9 Hz, 1H), 4.87 (p, J = 6.3 Hz, 1H), 2.12 (br s, 1H), 1.37 

(d, J = 6.3 Hz, 1H); 13C NMR (CDCl3, 75 MHz) δ 136.8, 133.7, 129.5, 128.7 (2C), 127.7, 126.5 

(2C), 69.0, 23.5. 

 

O

Ph  

6-Phenylhex-3(E)-en-2-one (29). 
1H NMR (CDCl3, 300 MHz) δ 7.32-7.17 (m, 5H), 6.82 (dt, J = 

16.2 , 6.6 Hz, 1H), 6.09 (d, J = 16.2 Hz, 1H), 2.79 (t, J = 8.4 Hz, 2H), 2.59-2.51 (m, 2H), 2.22 (s, 

3H); 13C NMR (CDCl3, 75 MHz) δ 198.6, 147.1, 140.7, 131.7, 128.6 (2C), 128.4 (2C), 126.3, 

34.4, 34.1, 26.9; ES-MS [MH]+ m/z 175.1. 

 

                                                 
(12) Ohkuma, T.; Koizumi, M.; Yoshida, M.; Noyori, R. Org. Lett. 2000, 2, 1749–1751. 



S-16 

OH

Ph  

(S)-6-Phenylhex-3(E)-en-2-ol (30). 88% yield, 86% ee. HPLC analysis: Chiralcel OD column 

(250 mm × 4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm, Rt (major) = 20.5 min, Rt (minor) 

= 13.0 min; major isomer [α]20
D = -8.8 (c 1.95, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.32-7.19 

(m, 5H), 5.68 (dt, J = 15.6, 6.5 Hz, 1H), 5.53 (dd, J = 15.6, 6.3 Hz, 1H),  4.26 (p, J = 6.3 Hz, 1H), 

2.71 (t, J = 7.5 Hz, 2H), 2.35 (q, J = 7.5 Hz, 2H), 1.68 (br s, 1H), 1.25 (d, J = 6.3 Hz, 3H); 13C 

NMR (CDCl3, 75 MHz) δ 141.9, 135.0, 130.2, 128.6 (2C), 128.5 (2C), 126.0, 69.1, 35.8, 34.1, 

23.5; ES-MS [MH]+ m/z 177.1. 

 

OH

 

(S)-1-Cyclohexenylethanol (32). 82% yield, 97% ee. HPLC analysis: Chiralcel OB column (250 

mm × 4.6 mm), 0.5% iPrOH/hexane, 0.5 mL/min, 202 nm, Rt (major) = 12.7 min, Rt (minor) = 

16.0 min; major isomer [α]20
D = -9.5 (c 1.2, CHCl3), lit.7 (S)-1-cyclohexenylethanol, 91% ee, 

[α]25
D = -9.4 (c 1.5, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 5.67 (br s, 1H), 4.22-4.10 (m, 1H), 

2.02-1.99 (m, 4H), 1.67-1.53 (m, 4H), 1.38 (d, J = 3.6 Hz, 1H), 1.25 (d, J = 6.6 Hz, 3H); 13C 

NMR (CDCl3, 75 MHz) δ 141.4, 121.7, 72.4, 25.0, 23.8, 22.8, 22.7, 21.7. 

 

Ph

OH

 

(S)-4-Phenylbutan-2-ol (34). 92% yield, 79% ee. HPLC analysis: Chiralcel OD column (250 

mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm, Rt (major) = 15.5 min, Rt (minor) = 

11.1 min; major isomer [α]20
D = +13.8 (c 1.70, CHCl3), lit.4 (R)-4-phenylbutan-2-ol, 88% ee, 

[α]22
D = -17.32 (c 1.6, CHCl3); 

1H NMR (CDCl3, 300 MHz) δ 7.34-7.18 (m, 5H), 3.89-3.80 (m, 

1H), 2.83-2.64 (m, 2H), 1.89 (br s, 1H), 1.86-1.75 (m, 2H), 1.25 (d, J = 6.0 Hz, 3H); 13C NMR 

(CDCl3, 75 MHz) δ 142.2, 128.5 (4C), 125.9, 67.5, 40.9, 32.2, 23.6. 

 



S-17 

OH

 

(S)-1-Cyclohexylethanol (36). 68% yield, 91% ee. HPLC analysis of 4-nitrobenzoate: Chiralcel 

OJ-H column (250 mm × 4.6 mm), 0.1% iPrOH/hexane, 0.4 mL/min, 254 nm, Rt (major) = 31.9 

min, Rt (minor) = 35.0 min); major isomer [α]20
D = +3.71 (c 0.70, CHCl3), lit. 13  (R)-1-

cyclohexylethanol, 67% ee, [α]D = -1.90 (c 0.75, CHCl3); 
1H NMR (CDCl3, 300 MHz) δ 3.52 (p, 

J = 6.3 Hz, 1H), 1.85-1.63 (m, 5H), 1.52 (br s, 1H), 1.35-0.85 (m, 6H), 1.13 (d, J = 6.3 Hz, 3H); 
13C NMR (CDCl3, 75 MHz) δ 72.3, 45.2, 28.8, 28.5, 26.6, 26.3, 26.2, 20.5. 

 

                                                 
(13) Gamble, M. P.; Smith, A. R. C.; Wills, M. J. Org. Chem. 1998, 63, 6068–6071. 



S-18 

V. Chiral HPLC analyses 

 
OH

 
(S)-1-Phenylethanol (2) 

[Chiralcel OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm] 
 

 

 



S-19 

 
OH

 

(S)-1-Phenylpropan-1-ol (4)  

[Chiralcel OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 
 
 

 
 
 



S-20 

OH

 

(S)-1-Phenylbutan-1-ol (6) 

 [Chiralcel OD column (250 mm × 4.6 mm), 1% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 



S-21 

OH

 

(S)-1-o-Tolylethanol (8) 

[Chiralpak AD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 0.5 mL/min, 254 nm] 

 

 
 
 



S-22 

OH

F3C

 

(S)-1-(3-(Trifluoromethyl)phenyl)ethanol (10) 

[Chiralcel OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 
 



S-23 

OH

MeO  

(S)-1-(4-Methoxyphenyl)ethanol (12) 

[Chiralcel OB column (250 mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm]  

 

 
 
 
 



S-24 

OH

F  

(S)-1-(4-Fluorophenyl)ethanol (14) 

[Chiralcel OB column (250 mm × 4.6 mm), 1% iPrOH/hexane, 0.6 mL/min, 254 nm] 

 

 
 
 
 



S-25 

OH

Cl  

(S)-1-(4-Chlorophenyl)ethanol (16) 

[Chiralcel OB column (250 mm × 4.6 mm), hexane/EtOH (60:1), 0.5 mL/min, 254 nm] 

 

 
 
 
 



S-26 

OH

Br  

(S)-1-(4-Bromophenyl)ethanol (18) 

[Chiralcel OB column (250 mm × 4.6 mm), hexane/EtOH (60:1), 0.5 mL/min, 254 nm] 

 

 
 
 
 



S-27 

OH

 

(S)-1,2,3,4-Tetrahydronaphthalen-1-ol (20) 

[Chiralcel OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 
 
 



S-28 

O

OH

 

(S)-Chroman-4-ol (22) 

 [Chiralcel OJ-H column (250 mm × 4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 
 



S-29 

OH

 

(S)-1-(Naphthalen-2-yl)ethanol (24) 

[Chiralcel OJ-H column (250 mm × 4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 
 



S-30 

OH

S  

(S)-1-(Thiophen-2-yl)ethanol (26)  

[Chiralcel OD column (250 mm × 4.6 mm), 2% iPrOH/hexane, 1.0 mL/min, 254 nm] 
 

 

 
 
 



S-31 

Ph

OH

 

(S)-4-Phenylbut-3(E)-en-2-ol (28) 

[Chiralcel OD column (250 mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm] 

 

 
 
 



S-32 

OH

Ph  

(S)-6-Phenylhex-3(E)-en-2-ol (30) 

[Chiralcel OD column (250 mm × 4.6 mm), 5% iPrOH/hexane, 1.0 mL/min, 254 nm] 

 

 
 
 



S-33 

OH

 

(S)-1-Cyclohexenylethanol (32) 

[Chiralcel OB column (250 mm × 4.6 mm), 0.5% iPrOH/hexane, 0.5 mL/min, 202 nm] 

 
 
 

 



S-34 

Ph

OH

 

(S)-4-Phenylbutan-2-ol (34) 

[Chiralcel OD column (250 mm × 4.6 mm), 10% iPrOH/hexane, 0.5 mL/min, 254 nm] 

 

 



S-35 

 

O

O

NO2

 
(S)-1-Cyclohexylethyl 4-nitrobenzoate (4-nitrobenzoate of 36) 

[Chiralcel OJ-H column (250 mm × 4.6 mm), 0.1% iPrOH/hexane, 0.4 mL/min, 254 nm] 
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VI. NMR spectra 
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