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1. NMR Spectra 

1H-NMR spectrum for 5a (in CDCl3) 

 

 

13C-NMR spectrum for 5a (in CDCl3) 
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1H-NMR spectrum for 6a (in CD3SOCD3) 

 
13C-NMR spectrum for 6a (in CD3SOCD3) 
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1H-NMR spectrum for 7a (in CDCl3) 

 
13C-NMR spectrum for 7a (in CDCl3) 
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1H-NMR spectrum for 1a (in CDCl3) 

 

13C-NMR spectrum for 1a (in CDCl3) 
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1H-NMR spectrum for 9 (in CD3OD) 

 

13C-NMR spectrum for 9 (in CD3OD) 
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1H-NMR spectrum for 4b (in CDCl3) 

 

 

13C-NMR spectrum for 4b (in CDCl3) 
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1H-NMR spectrum for 5b (in CDCl3) 

 

13C-NMR spectrum for 5b (in CDCl3) 
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1H-NMR spectrum for 6b (in CD3SOCD3) 

 

13C-NMR spectrum for 6b (in CD3SOCD3) 
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1H-NMR spectrum for 7b (in CDCl3) 

 

 

13C-NMR spectrum for 7b (in CDCl3) 
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1H-NMR spectrum for 1b (in CDCl3) 

 

 

13C-NMR spectrum for 1b (in CDCl3) 
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1H-NMR spectrum for 5c (in CD3COCD3) 

 

 

13C-NMR spectrum for 5c (in CD3COCD3) 
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1H-NMR spectrum for 7c (in CDCl3) 

 

 

13C-NMR spectrum for 7c (in CDCl3) 
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1H-NMR spectrum for 1c (in CDCl3) 

 

 

13C-NMR spectrum for 1c (in CDCl3) 
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1H-NMR spectrum for 13 (in CDCl3) 

 

 

13C-NMR spectrum for 13 (in CDCl3) 
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1H-NMR spectrum for 14 (in CDCl3) 

 

 

13C-NMR spectrum for 14 (in CDCl3) 
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1H-NMR spectrum for 10a (in CDCl3) 

 

 

13C-NMR spectrum for 10a (in CDCl3) 
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1H-NMR spectrum for 15b (in CDCl3) 

 

 

 

13C-NMR spectrum for 15b (in CDCl3) 

 



S19 
 

1H-NMR spectrum for 10b (in CDCl3) 

 

13C-NMR spectrum for 10b (in CDCl3) 
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1H-NMR spectrum for 15c (in CDCl3) 

 

 

13C-NMR spectrum for 15c (in CDCl3) 
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1H-NMR spectrum for 10c (in CDCl3) 

 

 

13C-NMR spectrum for 10c (in CDCl3) 
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1H-NMR spectrum for 15d (in CDCl3) 

 

 

13C-NMR spectrum for 15d (in CDCl3) 
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1H-NMR spectrum for 10d (in CDCl3) 

 

13C-NMR spectrum for 10d (in CDCl3) 
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1H-NMR spectrum for 2a (in CD3OD) 

 

 

 

13C-NMR spectrum for 2a (in CD3OD) 
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1H-NMR spectrum for 2b (in CD3OD) 

 

 

13C-NMR spectrum for 2b (in CD3OD) 
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1H-NMR spectrum for 2c (in CD3OD) 

 

 

13C-NMR spectrum for 2c (in CD3OD) 
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1H-NMR spectrum for 16a (in CD3OD) 

 

 

13C-NMR spectrum for 16a (in CD3OD) 

 

 

 



S28 
 

1H-NMR spectrum for 16b (in CD3OD) 

 

 

13C-NMR spectrum for 16b (in CD3OD) 
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1H-NMR spectrum for 16c (in CD3OD) 

 

 

13C-NMR spectrum for 16c (in CD3OD) 
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1H-NMR spectrum for 16d (in CD3OD) 

 

 

 

13C-NMR spectrum for 16d (in CD3OD) 

 

 



S31 
 

2. HPLC Analysis Spectra 

(±)-5-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

(2R,3S)-5-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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(±)-6-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

 

(2R,3S)-6-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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(±)-7-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C), ee =95%. 

 

 

 

(2R,3S)-7-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol 
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HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

 

 

(±)-5-(1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C)  
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(2S,3S)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

 

 

(±)-5-(1-hydroxyethyl)-2-isopropyl-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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(2S,3S)-5-((R)-1-hydroxyethyl)-2-isopropyl-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 
 

 

(±)-2-benzyl-5-(1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =90/10, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C)  
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(2S,3S)-2-benzyl-5-((R)-1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =90/10, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

 

 

(±)-2-(furan-2-ylmethyl)-5-(1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector: 
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280 nm, flow rate: 0.5 mL/min, 35 ˚C)  

 

 

(2S,3S)-2-(furan-2-ylmethyl)-5-((R)-1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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3. Proposed catalytic mechanism  

Scheme S1. Proposed catalytic cycle (1a as a model ) 

 

 

Explanation:  

Based on the reported catalytic mechanism,4 we propose that the process of transfer 

hydrogenation reaction of 1a probably includes two different stages: the first stage 

that the furanone part of 1a was reduced through DKR-ATH process (from I-V ), and 

the second stage that the acetophenone part of 1a with the same configuration fixed in 

the first stage was reduced through a ATH process (from V-VIII). The racemization of 

1a was occurred through keto-enol tautomerism as shown as follows. The catalyst 3a 

was bonded with the compound 1a and formed the energy favoured transition TS1 

and the energy disfavored transition TS2 respectively due to the steric hindrance 

between 1a and the catalyst, and they then generated the corresponding products 

major 2a and 2a". 
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Experiments supplied to study the mechanism: 

 

Scheme S2 

 

 

Scheme S3 

 

 
Scheme S4 

 

 
 

All reactions were run on a 1.0 mmol scale in a 25 mL sealed flask under the 

protection of argon. 5.0 mmol sodium formate, 5.0 µmol catalyst 3a or 3c and 0.2 

mmol CTAB were added into 4 mL CH3OH and the mix-ture was stirred at 65 ˚C for 

12 h. 

Reduction of 1a with 3a and 3c could give the cis-product and the enantiomer 

respectively with similar yield, %ee and dr (Scheme S2), that means the reduce 
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system shows high stereoselectivity for the substrates, the stereo configuration of 

products is closely related to the chiral catalyst. The following reduction of  the 

mono-reduced intermediate (TS-VI) with the 3a and 3c gave the corrosponding 

products with different yield and dr values (scheme S3), but reduction of  the 

mono-reduced intermediate (TS-VI) with 3a could give the final cis- product with 

almost the same  yield and %ee that obtained from the starting material 10a (scheme 

S3), it indicated that the substrate and the catalyst probably formed the substrate/metal 

complexation from the beginning of the reaction as we proposed, it was essential for 

the stereoselectivity, and the yield and %ee were not affected if the favoured 

configuration of the complexion could be kept. Moreover, the reaction could go on 

with the intermediate and gave the similar yield, %ee and dr values at last, this result 

showed the reaction actually was one pot reaction although it appeared to be a 

two-step process because of the intermediate obtained. In addition, the acetophenone 

could be reduced by the cataylst to provide the almost optically pure 

phenylethanol(scheme S4), it proved that the reduction of acetophenone really via an 

ATH process as we believed.  

 

 

 

NMR Spectra and HPLC analysis for the above products in Scheme S2-S4. 

 

NMR Spectra 
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HPLC Analysis Spectra 

(2S,3R)-5-((S)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol (The product prepared from 1a with catalyst 3a) 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 
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280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

(2S,3S)-5-((S)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol (The product 

prepared from 17 with catalyst 3c) 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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(2S,3S)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol(The product 

prepared from 17 with catalyst 3a) 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 

 

 

 

(2S,3S)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol(The product 

prepared from 10a with catalyst 3a) 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector: 

280 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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(R)-1-phenylethanol(The product prepared from 19 with catalyst 3a) 

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =98/2, detector: 

254 nm, flow rate: 0.5 mL/min, 35 ˚C) 
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5. X-Ray crystallography 

X-Ray crystallography and structural formula of compound 2a 

 

Original data see the cif files. 

Displacement ellipsoids are drawn at the 40% probabil-ity level. 

Crystal structure at the Cambridge Crystallographic Data Centre. Deposition 

Number: 

CCDC 1506041 

Formula: C13H18O4 

Unit Cell Parameters: a 6.8682(2) b 9.6210(4) c 18.8039(8) P212121 

Chemical formula                         C13H18O4 

Formula weigh                           238.27 

Temperature                             293K 

Wavelength                              1.54184 

Crystal system                           Orthorhombic 

Space group                             P 21 21 21 

Unit cell dimensions                      a=6.8682(2)           α=90° 

                                       b=9.6210(4)          β=90° 

                                       c=18.8039(8)         γ=90° 

Volume                                 1242.55(8)  

Z                                      4 

Density diffrn                            1.274 

Absorpt coefficient                        0.771 

F(000)                                  512 
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Theta range for data collection               4.703 to 67.053   

Index ranges                             -8<=h<=5,-7<=k<11，-22<=l<=21 

R (reflections)                            0.0376 (2062)  

wR2 (reflections)                          0.1024 (2203) 

Flack parameter                          -0.233(330)  

by classical fit to all intensities 

                                       -0.086(129)  

from 777 selected quotients (Parsons' method) 

 


