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1.  General Information.  

 

 1H and 13C NMR spectra were obtained at 25 ˚C on a Varian Mercury 300 spectrometer.  1H 

NMR chemical shifts were reported in δ units, in ppm relative to the singlet at 7.26 ppm for 

CDCl3 and 7.16 ppm for C6D6.  13C NMR spectra were reported in terms of chemical shift (δ, 
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ppm) relative to the triplet at δ = 77.0 ppm for CDCl3 and 128.0 ppm for C6D6.  Infrared 

spectra were recorded on a JASCO FT/IR-230 spectrometer.  Column chromatography was 

performed with a silica gel column (Kanto Kagaku, Silica gel 60).  1a and 1b were prepared 

by the reported method.S1 Chiral alcohols 6-9 were purchased from Aldrich and used without 

further purification.  Optically pure 5-(S) and 5-(R) (>99% ee) were prepared by 

hydrogenation of 9-acetylanthracene catalyzed by the (S,S)-phebox-Ru 1a and the 

(R,R)-phebox-Ru 1a’.  Ether 12-(S) was prepared from 5-(S) by the reported method.S2  

 

2.  General procedures for hydrogenation.  

 

A stainless steel autoclave was charged with 1a (6.3 mg, 0.005 mmol), NaOMe (10.8 mg, 0.2 

mmol), 5-(S) (22.2 mg, 0.1 mmol) and ketone 2 (1.0 mmol).  After addition of 2-propanol 

(10 mL) under an Ar atmosphere, the H2 pressure was adjusted to 30 atm.  The reaction 

mixture was stirred at 40 ºC for 24 h, and then the solvent was removed under reduced 

pressure.  The residue was purified by column chromatography on silica gel with ethyl 

acetate/n-hexane or ethyl acetate/toluene.  Enantioselectivity of products was determined by 

using HPLC with a proper chiral column. 

 

3.  Characterization of 4, 7, 8, 24-31. 

(S)-1-(4-methoxyphenyl)ethanol (Table 1, entry 4) 

 
99% yield; 93% ee (S); HPLC analysis [Daicel Chiralpak AS-H, n-hexane/2-propanol = 95:5, 

0.8 ml/min, 254 nm, tR = 26.5, tS = 34.1]; [α]D
24 –48.1 (c 1.0, CHCl3); Lit.S3: [α]D

25 +53.5 (c 

1.7, CHCl3), 94% ee (R); 1H NMR (300 MHz, CDCl3, rt): δ = 1.49 (d, J = 6.5 Hz, 3H), 1.71 

(brs, 1H), 3.81 (s, 3H), 4.87 (q, J = 6.5 Hz, 1H), 6.87-6.91 (m, 2H), 7.28-7.33 (m, 2H); 13C 

NMR (75 MHz, CDCl3, rt): δ = 25.1, 55.2, 69.7, 113.5, 126.4, 137.8, 158.4. 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



S3 
 

(S)-1-(2-methoxyphenyl)ethanol (Table 2, entry 1)  

 
99% yield; 88% ee (S); HPLC analysis [Daicel Chiralcel OB-H, n-hexane/2-propanol = 95:5, 

0.8 ml/min, 254 nm, tS = 12.8, tR = 23.8]; [α]D
23 = –25.1 (c 1.1, CHCl3); Lit.S4: [α]D

20 +32.3 (c 

2.0, CHCl3), 94% ee (R); 1H NMR (300 MHz, CDCl3, rt): δ = 1.52 (d, J = 6.6 Hz, 3H), 3.88 (s, 

3H), 5.10 (q, J = 6.6 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.94-6.99 (m, 1H), 7.23-7.28 (m, 1H), 

7.32-7.35 (m, 1H); 13C NMR (75 MHz, CDCl3, rt): δ = 23.0, 55.2, 66.4, 110.2, 120.5, 125.8, 

128.0, 133.2, 156.1. 
 
(S)-1-(3,4-dimethoxyphenyl)ethanol (Table 2, entry 2) 

 
98% yield; 86% ee; HPLC [Daicel Chiralpak AS-H, n-hexane/2-propanol = 90:10, 1.0 ml/min, 

240 nm, tS = 17.9, tR = 25.5]; [α]D
19 = –37.3 (c 0.99, CHCl3); Lit.S5: [α]D

23 +43.0 (c 1.0, 

CHCl3), 97% ee (R); 1H NMR (300 MHz, CDCl3, rt): δ = 1.43 (d, J = 6.4 Hz, 3H), 2.45 (brs, 

1H), 3.82 (s, 3H), 3.83 (s, 3H), 4.77 (q, J = 6.4 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.82 (dd, J 

= 2.0, 8.1 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H); 13C NMR (75 MHz, CDCl3, rt): δ = 25.1, 55.7, 

55.8, 69.9, 108.3, 110.6, 117.1, 138.2, 147.7, 148.4. 
 
(–)-1-(2,6-dimethoxyphenyl)ethanol (Table 2, entry 3)  

 

81% yield; 93% ee; HPLC [Daicel Chiralcel OZ-H, n-hexane/2-propanol = 90:10, 1.0 ml/min, 

230 nm, tminor = 11.5, tmajor = 16.7]; [α]D
18 = –12.2 (c 0.99, CHCl3); 1H NMR (300 MHz, 
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CDCl3, rt): δ = 1.49 (d, J = 6.8 Hz,, 3H), 3.84 (s, 6H), 3.91 (d, J = 11.4 Hz, 1H), 5.33 (dq, J = 

11.4, 6.8 Hz, 1H), 6.56 (d, J = 8.5 Hz, 2H), 7.17 (t, J = 8.5 Hz, 1H); 13C NMR (75 MHz, 

CDCl3, rt): δ = 23.6, 55.6, 63.9, 104.0, 120.5, 127.7, 156.9. 

 
 
 (S)-1-(p-Biphenyl)ethanol (Table 2, entry 4)  

 

98% yield; 92% ee; HPLC [Daicel Chiralpak AD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min, 

254 nm, tS = 14.1, tR = 15.7]; [α]D
22 = –41.9 (c 1.0, CHCl3); Lit.S6 gives [α]D

28 –43.7 (c 0.75, 

CHCl3, 99% ee (S)); 1H NMR (300 MHz, CDCl3, rt): δ = 1.56 (d, J = 6.4 Hz, 3H), 1.89 (d, J = 

3.0 Hz, 1H), 4.97 (dq, J = 3.0, 6.4 Hz, 1H), 7.32-7.49 (m, 5H), 7.56-7.63 (m, 4H); 13C NMR 

(75 MHz, CDCl3, rt): δ = 25.2, 69.9, 125.6, 126.7, 126.9, 126.9, 128.5, 139.9, 140.4, 144.5. 

 
(S)-1-(2,4,6-trimethylphenyl)ethanol (Table 2, entry 5) 

 
83% yield, 94% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 98:2, 1.0 ml/min, 

220 nm, tR = 15.6, tS = 16.9]; [α]D
23 = –62.2 (c 1.0, CHCl3);  Lit.S7 gives [α]D

20 +37.3 (c 0.50, 

CHCl3, 77% ee (R)); 1H NMR (300 MHz, CDCl3, rt): δ = 1.54 (d, J = 6.7 Hz, 3H), 1.68 (br, 

1H), 2.26 (s, 3H), 2.43 (s, 6H), 5.37 (dq, J = 3.4, 6.7 Hz, 1H), 6.83 (s, 2H); 13C NMR (75 

MHz, CDCl3, rt): δ = 20.6, 20.8, 21.6, 67.2, 129.8, 135.3, 136.0, 137.3. 
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(S)-1-(2’-naphthyl)ethanol (Table 2, entry 6) 

 
97% yield; 91% ee; HPLC [Daicel Chiralcel OJ-H, n-hexane/2-propanol = 95:5, 0.8 ml/min, 

254 nm, tS = 39.3, tR = 54.4]; [α]D
23 = –46.1 (c 1.0, CHCl3); Lit.S8 gives [α]D

25 +41.2 (c 0.50, 

EtOH, 95% ee (R)); 1H NMR (300 MHz, CDCl3, rt): δ = 1.60 (d, J = 6.3 Hz, 3H), 1.66 (br, 

1H), 5.09 (q, J = 6.3 Hz, 1H), 7.44-7.53 (m, 3H), 7.82-7.86 (m, 4H);  13C NMR (75 MHz, 

CDCl3, rt): δ = 25.1, 70.0, 123.4, 123.5, 125.3, 125.7, 127.3, 127.6, 127.8, 132.4, 132.9, 

142.8. 

 

(S)-1-(2’-naphthyl)ethanol (Table 2, entry 7) 

 
98% yield; 90% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min, 

283 nm, tS = 19.8, tR = 42.0]; [α]D
23 = –58.1 (c 1.1, CHCl3); Lit.S9 gives [α]D

25 +82.1 (c 1.0, 

ether, 99% ee (R)); 1H NMR (300 MHz, CDCl3, rt): δ = 1.69 (d, J = 6.5 Hz, 3H), 1.98 (d, J = 

3.6 Hz, 1H), 5.69 (dq, J = 3.6, 6.5 Hz, 1H), 7.45-7.57 (m, 3H), 7.69 (d, J = 7.2 Hz, 1H), 7.78 

(d, J = 8.7 Hz, 1H), 7.86-7.90 (m, 1H), 8.10-8.14 (m, 1H);  13C NMR (75 MHz, CDCl3, rt): δ 

= 24.5, 67.1, 121.7, 122.9, 125.3, 125.8, 127.7, 128.6, 130.0, 133.5, 141.1. 
 
(S)-1-phenylhexanol (Table 2, entry 11)  

 
96% yield; 91% ee; HPLC [Daicel Chiralcel OB-H, n-hexane/2-propanol = 95:5, 1.0 ml/min, 
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254 nm, tS = 7.2, tR = 9.5]; [α]D
20 = –32.3 (c 1.0, CHCl3); Lit.S6 gives [α]D

24 –35.0 (c 0.88, 

CHCl3, 92% ee (S)); 1H NMR (300 MHz, CDCl3, rt): δ = 0.86-0.91 (m, 3H), 1.20-1.50 (m, 

6H), 1.62-1.90 (m, 3H), 4.67 (t, J = 6.5 Hz, 1H), 7.24-7.38 (m, 5H);  13C NMR (75 MHz, 

CDCl3, rt): δ = 14.2, 22.7, 25.6, 31.8, 39.1, 74.5, 125.7, 127.1, 128.1, 144.6. 

 
(S)-cyclohexyl(phenyl)methanol (Table 2, entry 13) 

 
98% yield, 67% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min, 

220 nm, tS = 9.2, tR = 11.2]; [α]D
20 = –22.2 (c 1.0, CHCl3);  Lit.S10 gives [α]D

23 +38.0 (c 0.4, 

CHCl3, 96% ee (R)); 1H NMR (300 MHz, CDCl3, rt): δ = 0.87-1.32 (m, 5H), 1.34-1.43 (m, 

1H), 1.56-1.83 (m, 4H), 1.88 (s, 1H), 1.96-2.04 (m, 1H), 4.37 (d, J = 7.2 Hz, 1H), 7.23-7.38 

(m, 5H); 13C NMR (75 MHz, CDCl3, rt): δ = 26.1, 26.2, 26.5, 28.9, 29.3, 44.9, 79.2, 126.4, 

127.0, 127.8, 143.3. 
 
(R)-phenyl(2-tolyl)methanol (Table 2, entry 15) 

 
97% yield; 51% ee; HPLC [Daicel Chiralcel OJ-H, n-hexane/2-propanol = 95:5, 1.0 ml/min, 

220 nm, tS = 31.0, tR = 34.8]; [α]D
23 = –4.3 (c 2.0, EtOH); Lit.S11 gives [α]D

 –7.5 (c 5.1, EtOH, 

95% ee (R)); 1H NMR (300 MHz, CDCl3, rt): δ = 2.26 (s, 3H), 6.02(s, 1H), 7.13-7.36 (m, 8H), 

7.53 (d, J = 7.2 Hz, 1H); 13C NMR (75 MHz, CDCl3, rt): δ = 19.2, 72.8, 125.5, 126.6, 126.8, 

126.9, 127.8, 129.9, 134.8, 140.9, 142.3. 
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Fig S37  Reaction profile of the hydrogenation of 3 with the additive 5-(S); Reaction 

condition: 3 (1.0x10-1 M), 1a (1.0x10-3 M), NaOMe (2.0x10-2 M), 5-(S) (1.0x10-2 M), 

2-propanol, 40 ºC, H2 (30 atm). 

 

 

 
Fig S38  Reaction profile of the hydrogenation of 3 with the additive 5-(R); Reaction 

condition: 3 (1.0x10-1 M), 1a (1.0x10-3 M), NaOMe (2.0x10-2 M), 5-(R) (1.0x10-2 M), 

2-propanol, 40 ºC, H2 (30 atm). 
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