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1. General information 

  1H NMR spectra were recorded on a Bruker DPX-300 spectrometer at 300 MHz. 13C {1H} 

NMR spectra were recorded on Bruker DRX-300 spectrometers at 75 MHz. 19F NMR spectra 

were recorded on a Bruker DPX-400 spectrometer at 376 MHz. 11B NMR spectra were recorded 

on a Bruker DPX-400 spectrometer at 128 MHz. The chemical shifts for 1H NMR were recorded 

in ppm (δ) relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal 

standard (CDCl3, d 7.26 ppm). The chemical shifts for 13C NMR were recorded in ppm downfield 

using the central peak of deuterochloroform (77.0 ppm) as the internal standard. The ee values 

determination was carried out using chiral HPLC with Daicle chiral column on Agilent 1200. 

Flash column chromatography was performed on silica gel (200-300 mesh). TLC analysis was 

performed using glass-backed plates coated with 0.2 mm silica. The solvents were distilled from 

appropriate drying agents prior to use, unless otherwise noted.  

2. Optimization of reaction conditions 

Table S1. Optimization of reaction conditionsa 

Ph

1a 2a

K2OsO2(OH)4 (2 mol%)
Ligand (10 mol%)
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Entry Ligand solventb T/(℃) C/(mol/l) Yield(%)c ee(%)d

1 AD-mix-β t-BuOH/H2O=1/1 0 0.1 trace  

2 (DHQD)2PHAL t-BuOH/H2O=1/1 0 0.1 86 -92 

3 (DHQ)2PHAL t-BuOH/H2O=1/1 0 0.1 89 80 

4 (DHQD)2PHAL t-BuOH/H2O=1/1 15 0.1 91 -96 

5 (DHQD)2PHAL t-BuOH/H2O=1/1 25 0.1 89 -97 

6 (DHQD)2PHAL t-BuOH/H2O=1/1 35 0.1 82 -94 

7 (DHQ)2PHAL t-BuOH/H2O=1/1 25 0.1 92 88 

8 (DHQD)2PHAL Acetone/H2O=1/1 25 0.1 22 -93 

9 (DHQ)2PHAL Acetone/H2O=1/1 25 0.1 17 93 

10 (DHQD)2PHAL DMSO/H2O=1/1 25 0.1 NR  

11 (DHQ)2-PHAL DMSO/H2O=1/1 25 0.1 NR  

12 (DHQD)2PHAL MeCN/H2O=1/1 25 0.1 NR  

13 (DHQ)2PHAL MeCN/H2O=1/1 25 0.1 NR  

14 (DHQD)2PHAL t-BuOH/H2O=1/3 25 0.1 66 -95 

15 (DHQ)2PHAL t-BuOH/H2O=1/3 25 0.1 71 94 

16 (DHQD)2PHAL t-BuOH/H2O=3/1 25 0.1 57 -94 



S3 
 

17 (DHQ)2PHAL t-BuOH/H2O=3/1 25 0.1 61 90 

18 (DHQD)2PHAL t-BuOH/H2O=1/1 25 0.067 89 -96 

19 (DHQ)2PHAL t-BuOH/H2O=1/1 25 0.067 91 90 

20 (DHQD)2PHAL t-BuOH/H2O=1/1 25 0.2 84 -95 

21 (DHQ)2PHAL t-BuOH/H2O=1/1 25 0.2 91 90 
aUnless indicated otherwise, the reactions were performed with 0.2 mmol of alkenylcarborane 1a 

in 2 ml of solvent at indicated temperature for 24 hours. bVolume ratio. cIsolated yield for 

syn-1,2-diol isomer and no d.r. value with the anti-1,2-diol isomer undetectable in all cases. 
dDetermined by HPLC using a chiral column. The minus sign indicates the opposite enantiomer. 

3. Synthesis of Alkenylcarboranes (1a-1m, 3, 5). 

The alkenylcarborane 1a-1l, 3 and 5 was synthesized according to method A described in the 

literature [1], 1a’, 1m was synthesized according to method B in the literature [2] 

 

          

1a: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.35 (s, 5H), 6.83 (d, J = 

16.1 Hz, 1H), 6.27 (d, J = 16.1 Hz, 1H), 3.71 (s, 1H). 

1b: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.35 (s, 2H), 7.15 (m, 

3H), 6.67 (d, J = 15.2 Hz, 1H), 3.68(s, 1H). 

 1c: Rf = 0.21 (hexane); White solid, 104.6 mg, 37% yield, mp: 106-107 oC.1H 
NMR (300 MHz, CDCl3) δ 7.41 – 7.26 (m, 4H), 6.81 (d, J = 15.7 Hz, 1H), 6.25 (d, J = 15.7 Hz, 

1H), 3.72 (s, 1H). 13C {1H} NMR (75 MHz, CDCl3) δ 136.45, 135.36, 132.56, 129.13, 128.14, 

123.06, 73.77, 60.82. 11B NMR (128 MHz, CDCl3) δ -1.80 ((dd, J = 148.4, 1.3 Hz, 1B), -4.77 (dd, 

J = 137.3, 4.8 Hz, 1B), -7.04- -115.87 (m, 8B). HRMS (ESI) m/z calcd for C10H16B10Cl- (M-H)- 

280.1913, found 280.1926. 

                                                              
[1] Z. Qiu and Z. Xie, Angew. Chem., Int. Ed., 2008, 47, 6572–6575. 
[2] A. Sousa-Pedrares, C. Vin

~

as and F. Teixidor, Chem. Commun., 2010, 46, 2998–3000. 

Method A 

Method B 
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1d: Rf = 0.27 (hexane); colorless oil, 123.8mg, 41% yield. 1H NMR (300 MHz, 

CDCl3) δ 7.41 – 7.22 (m, 4H), 6.83 (d, J = 15.7 Hz, 1H), 6.23 (d, J = 15.7 Hz, 1H), 3.69 (s, 1H), 

1.31 (s, 9H). 13C {1H} NMR (75 MHz, CDCl3) δ 152.98, 137.44, 131.26, 126.69, 125.83, 121.57, 

60.95, 34.74, 31.13. 11B NMR (128 MHz, CDCl3) δ -1.88 (d, J = 151.5 Hz, 1B), -5.03 (d, J = 

141.2 Hz, 1B), -7.82 - -17.51 (m, 8B). HRMS (ESI) m/z calcd for C14H25B10
- (M-H)- 301.2965, 

found 301.2968. 

1e: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.24 (d, J = 8.0 Hz, 2H), 

7.14 (d, J = 8.0 Hz, 2H), 6 .80 (d, J = 15.8 Hz, 1H), 6.29 (d, J = 15.8 Hz, 1H), 3.70 (s, 1H). 

1f: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.24 (m, 4H), 7.02 (d, J = 

15.4 Hz, 1H), 6.41 (d, J = 15.4 Hz, 1H), 3.73 (s, 1H), 2.34 (s, 3H). 

1g: Rf = 0.24 (hexane); White solid, 376.4 mg, 64% yield, mp: 82-84 oC. 1H NMR 

(300 MHz, CDCl3) δ 7.51 – 6.95 (m, 5H), 6.16 (d, J = 15.6 Hz, 1H), 3.72 (s, 1H), 2.35 (s, 3H).13C 

{1H} NMR (75 MHz, CDCl3) δ 136.34, 135.89, 133.24, 130.66, 129.30, 126.34, 125.53, 123.78, 

74.32, 60.87, 19.59. 11B NMR (128 MHz, CDCl3) δ -1.82 (d, J = 150.7 Hz, 1B), -4.94 (d, J = 

153.5 Hz, 1B), -7.75 - -15.94 (m, 8H). HRMS (ESI) m/z calcd for C11H19B10
- (M-H) - 260.2459, 

found 260.2462. 

1h: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.61 (d, J = 8.1 Hz, 2H), 
7.45 (d, J = 8.1 Hz, 2H), 6.88 (d, J = 15.9 Hz, 1H), 6.22 (d, J = 15.9 Hz, 1H), 3.74 (s, 1H). 

1i: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.48 (m, 4H), 6.89 (d, J 

= 15.8 Hz, 1H), 6.34 (d, J = 15.8 Hz, 1H), 3.74 (s, 1H). 

1j: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.35–7.21 (m, 2H), 

6.91–6.84 (m, 2H), 6.79 (d, J = 15.7 Hz, 1H), 6.14 (d, J = 15.7 Hz, 1H), 3.82 (s, 3H), 3.70 (s, 

1H). 

1k: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.61 (d, J = 8.1 Hz, 2H), 

7.45 (d, J = 8.1 Hz, 2H), 6.88 (d, J = 15.9 Hz, 1H), 6.22 (d, J = 15.9 Hz, 1H), 3.74 (s, 1H). 
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 1l: Rf = 0.16 (hexane); White solid, 85.6mg, 29% yield, mp: 112-114 oC. 1H 

NMR (300 MHz, CDCl3) δ 7.90 – 7.71 (m, 4H), 7.58 – 7.43 (m, 3H), 7.02 (d, J = 15.7 Hz, 1H), 

6.40 (d, J = 15.7 Hz, 1H), 3.76 (s, 1H).13C {1H} NMR (75 MHz, CDCl3) δ 137.83, 133.69, 

133.26, 131.49, 128.72, 128.28, 128.25, 127.75, 126.95, 126.79, 122.73, 122.59, 74.24, 60.99. 11B 

NMR (128 MHz, CDCl3) δ-1.80 (d, J = 153.1 Hz, 1B), -4.85 (d, J = 143.0 Hz, 1B), -8.50- 12.17 

(m, 8B). HRMS (ESI) m/z calcd for C14H19B10
- (M-H)- 296.2459, found 296.2462. 

 1m: Known compound; 1H NMR (300 MHz, CDCl3): 8.43 (s, 1H), 8.00 (m, 

4H), 7.74 (m, 1H,), 7.51 (m, 4H), 6.18 (d, J = 15.9 Hz, 1H), 3.88 (br, 1H). 

3: Known compound; 1H NMR (300 MHz, CDCl3): 7.36 (m, 5H), 5.48 (s, 1H), 

5.20 (s, 1H), 3.49 (s, 2H), 3.37 (br, 1H). 

5: Known compound; 1H NMR (300 MHz, CDCl3): δ 7.43 (m, 3H), 7.45 (m, 3H), 

7.15 (m, 4H), 6.25 (s, 1H), 2.99 (s, 1H). 

4. 2D-NOESY NMR of compound 6 

 

Scheme S1 2D-NOESY NMR of the compound 6 

The relative stereochemistry of compound 6 was determined by 2D-NOESY NMR (Scheme 

S1). No NOE effect was observed for between Ha and Hb. 

Hb Ha

Ha

Hb

6 
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5. X-ray structure for compound 2c 

A single crystal of the compound 2c (CCDC 2067838) was grown from its solution in 

dichloromethane and hexane, which is suitable for X-ray diffraction analysis. The correctness of 

the X-ray data and the structure had been checked by using the CheckCIF utility on the 

submission Web site: http://checkcif.iucr.org 

    

 

Table S2. Crystal data and structure refinement for 2c 

 

Table S3. Bond Lengths for 2c 
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Table S4. Bond Angles for 2c 

     

6. Comparison of NMR data of 2a and 1,2-diphenylethane-1,2-diol. 

The chemical shift data of 1H NNR and 13C NMR of 2a and diphenylethylene glycol[3] are shown 

below for comparison with different structural characterization. The results shows that obvious 

difference between the carborane and benzene ring moiety. 

                                                              
[3] E. N. Jacobsen, I. Markó, W. S. Mungall, G. Schröder and K. B. Sharpless, J. Am. Chem. Soc., 1988, 110, 1968–
1970. 
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compounds 

1H NMR chemical shift (ppm) 13C NMR chemical shift (ppm) 

Ha, Hb Hc, Hd CH(OH) 

3.28, 2.34 4.99, 4.17 77.6, 75.5 

2.88  4.73 79.1  
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LHN-4-36. HRMS (ESI) m/z calcd for C10H16B10Cl- (M-H)- 280.19129, found 280.19263.  
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LHN-4-32. HRMS (ESI) m/z calcd for C14H25B10

- (M-H)- 301.29649, found 301.29684. 
 

 

LHN-4-32 #8 RT: 0.09 AV: 1 NL: 1.40E7
T: FTMS - p ESI Full ms [50.0000-750.0000]

292 294 296 298 300 302 304 306 308 310 312
m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
tiv

e
 A

b
u

n
d

a
n

ce

301.29684

302.29309

300.30045

303.28943
299.30414

298.30780
304.30835

305.30475297.31140292.29190 313.07855307.29001 311.16870295.21301

1d 

1d



S13 
 

 
 

1g 

1g 



S14 
 

 

 

 
LHN-3-48. HRMS (ESI) m/z calcd for C11H19B10

- (M-H)- 260.24591, found 260.24615. 
 

 

 

LHN-3-48 #8 RT: 0.09 AV: 1 NL: 2.95E7
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-4-34. HRMS (ESI) m/z calcd for C14H19B10

- (M-H)- 296.24591, found 296.24622. 

 

 

LHN-4-34 #8 RT: 0.09 AV: 1 NL: 1.96E7
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-2-59A. HRMS (ESI) m/z calcd for C10H19B10O2

- (M-H)- 280.23574, found 280.23581. 
 

 

LHN-2-59A #8 RT: 0.09 AV: 1 NL: 1.68E6
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-48H. HRMS (ESI) m/z calcd for C10H18B10FO2
- (M-H)- 298.22632, found 298.22635. 
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T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-4-44. HRMS (ESI) m/z calcd for C10H18B10ClO2

- (M-H)- 313.20040, found 313.20050. 

 

 

LHN-4-44 #8 RT: 0.09 AV: 1 NL: 5.86E5
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-4-45. HRMS (ESI) m/z calcd for C14H27B10O2
- (M-H)- 336.29834, found 336.29819. 
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LHN-3-48A. HRMS (ESI) m/z calcd for C11H21B10O2
- (M-H)- 294.25139, found 294.25131. 
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LHN-3-48B. HRMS (ESI) m/z calcd for C11H21B10O2
- (M-H)- 294.25139, found 294.25140. 
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T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-48C. HRMS (ESI) m/z calcd for C11H21B10O2
- (M-H)- 294.25139, found 294.25137. 
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LHN-3-48F. HRMS (ESI) m/z calcd for C11H18B10F3O2
- (M-H)- 348.22312, found 348.22302. 

2h 

2h 
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LHN-3-48F #12 RT: 0.13 AV: 1 NL: 2.82E5
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-48G. HRMS (ESI) m/z calcd for C11H18B10F3O2

- (M-H)- 348.22312, found 348.22302. 

 

 

 

 

LHN-3-48G #10 RT: 0.11 AV: 1 NL: 3.71E5
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-48D. HRMS (ESI) m/z calcd for C11H21B10O3
- (M-H)- 310.24630, found 310.24643. 

 

 

 

LHN-3-48D #8 RT: 0.09 AV: 1 NL: 8.13E5
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-48E. HRMS (ESI) m/z calcd for C13H25B10O5
- (M-H)- 370.26743, found 370.26706. 

 

 

 

 

LHN-3-48E #16 RT: 0.18 AV: 1 NL: 7.65E4
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-4-41. HRMS (ESI) m/z calcd for C14H21B10O2

- (M-H)- 330.25139, found 330.25140. 

 

 

 

 

LHN-4-41 #12 RT: 0.13 AV: 1 NL: 4.30E5
T: FTMS - p ESI Full ms [50.0000-750.0000]
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LHN-3-78A. HRMS (ESI) m/z calcd for C10H19B10O2
- (M-H)- 280.23574, found 280.23593. 

 

 

 

LHN-3-78A #12 RT: 0.13 AV: 1 NL: 1.46E6
T: FTMS - p ESI Full ms [50.0000-750.0000]
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4. HRMS (ESI) m/z calcd for C11H21B10O2
- (M-H)- 294.25139, found 294.25165. 

 

5-LHN-4-92 #12 RT: 0.09 AV: 1 NL: 1.39E8
T: FTMS - p ESI Full ms [80.0000-1200.0000]
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LHN-4-29. HRMS (ESI) m/z calcd for C13H23B10O2
- (M-H)- 321.26341, found 321.26352. 

 

 

   

LHN-4-29 #10 RT: 0.11 AV: 1 NL: 1.15E7
T: FTMS - p ESI Full ms [50.0000-750.0000]
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 DHX-6-8. HRMS (ESI) m/z calcd for C10H17B10O4S
- (M-H)- 342.1820, found  342.1854. 
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DHX-6-10 HRMS (ESI) m/z calcd for C10H19B9N3ONa (M-Na)- 295.24074, found 295.24011. 

 

   

119-3 #14 RT: 0.10 AV: 1 NL: 1.42E6
T: FTMS - p ESI Full ms [80.0000-1200.0000]
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DHX-6-15-1. HRMS (ESI) m/z calcd for C10H21B9NO- (M)- 269.25024, found 269.25000. 

 

   

119-3 #14 RT: 0.10 AV: 1 NL: 1.42E6
T: FTMS - p ESI Full ms [80.0000-1200.0000]
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HPLC for racemic and pure enantioenriched sample 2a  
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HPLC for racemic and pure enantioenriched sample 2b 
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HPLC for racemic and pure enantioenriched sample 2c 
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HPLC for racemic and pure enantioenriched sample 2d 
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HPLC for racemic and pure enantioenriched sample 2e 
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HPLC for racemic and pure enantioenriched sample 2f 
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HPLC for racemic and pure enantioenriched sample 2g 

 

 

 

 

 

 

 

 

 

 

   



S62 
 

HPLC for racemic and pure enantioenriched sample 2h 
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HPLC for racemic and pure enantioenriched sample 2i 
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HPLC for racemic and pure enantioenriched sample 2j 
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HPLC for racemic and pure enantioenriched sample 2k 
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HPLC for racemic and pure enantioenriched sample 2l 
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HPLC for racemic and pure enantioenriched sample 2a’ 
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HPLC for racemic and pure enantioenriched sample 4 
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