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1. General information 

Unless otherwise noted, materials were purchased from commercial suppliers and used without 

further purification. Column chromatography was performed on silica gel (200~300 mesh). 

Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial chiral columns 

as stated at 30 °C with UV detector at 254 nm. Optical rotations were reported as follows: [α]
T

D (c g/100 

mL, solvent). All 1H NMR spectra were recorded on a Bruker Avance Ⅱ 400 MHz and Bruker Avance 

Ⅲ 600 MHz, 13C NMR spectra were recorded on a Bruker Avance Ⅱ 101 MHz and Bruker Avance Ⅲ 

151 MHz, 19F NMR spectra were recorded on a Bruker Avance Ⅱ 376 MHz and Bruker Avance Ⅲ 377 

MHz with chemical shifts reported as ppm (in CDCl3, TMS as an internal standard). Data for 1H NMR 

are recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = 

multiplet, br = broad singlet, dd = double doublet, coupling constants in Hz, integration). HRMS (ESI) 

was obtained with a HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 3ha 

was assigned by the X-ray analysis. 

Catalyst C6 was synthesized according to the literature procedure.1 The racemic products were 

synthesized using diphenylphosphinic acid as the catalyst. 

2. Procedures for the preparation of substrate 1 

5-Aminopyrazoles 1 were prepared according to the following procedure:2 

 

A solution of arylhydrazine hydrochloride (10 mmol, 1.0 equiv), potassium carbonate (11 mmol, 

1.1 equiv) and alkyl formyl acetonitrile (11 mmol, 1.1 equiv) in EtOH (0.5 M relative to arylhydrazine 

hydrochloride) was heated to reflux for 6 h. After cooling to room temperature, the solution was 

concentrated under reduced pressure. The residue was dissolved in CH2Cl2 and saturated NaHCO3 (aq.). 

The layers were separated, and the aqueous layer was extracted twice with CH2Cl2. The combined 

organic layers were washed with brine and dried with anhydrous Na2SO4. The salts were removed via 

gravity filtration, and the resulting solution was concentrated under reduced pressure. The crude 

mixture was purified by flash column chromatography on silica gel. In addition, substrates 1s and 1t 

were synthesized according to the literature procedure.3 

3. Procedures for the preparation of substrate 2 

1,4-Naphthoquinone derivatives 2 were prepared according to the following procedure:4 

 

Solid KHCO3 (0.92 g, 11 mmol) was added to a stirred mixture of 1,4-dihydroxy-2-naphthoic acid 

(2.04 g, 10 mmol) and iodoalkane derivatives (11 mmol) in DMF (20 mL). The mixture was heated to 
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70 oC in an oil bath and stirred for 24 h. The reaction mixture was cooled down to room temperature, 

diluted with 1 M HCl (50 mL), and extracted with DCM (30 mL x 2). The organic phases were washed 

with water (20 mL x 2) and dried over MgSO4. After evaporation of the solvent, the residue was 

subjected to column chromatography on silica gel with petroleum ether/ethyl acetate 10:1 as eluting 

solvent to yield 1,4-dihydroxy-2-naphthoate. 

Manganese dioxide (6.0 mmol) and magnesium sulfate (3.0 mmol) were added to the solution     

of 1,4-dihydroxy-2-naphthoate (1.0 mmol) and DCM (20 mL). The reaction mixture was stirred at 25 

oC for 5 h, and the filtrate filtered by diatomite was evaporated in a vacuum to obtain the required 

quinone 2. 

4. The racemization experiment 

The enantiomerisation barrier was obtained by kinetic of racemization of an enantiomer. The slope 

of the first order kinetic line gives the racemization (𝑘𝑒𝑛𝑡 =
1

2
 𝑘𝑟𝑎𝑐 ). Erying equation gives the 

enantiomerisation barrier (ΔG𝑇
≠) from enantiomerisation constant (𝑘𝑒𝑛𝑡), R = 8.31451 J⋅K-1mol-1, ℎ = 

6.62608×10-34 J⋅s, 𝑘𝐵 = 1.38066 ×10-23 J⋅K-1. Enantiomeric excess values were determined by HPLC. 

 

 

 

Table S1. Racemization of 3aa in mesitylene at 90 ℃. 

p/m (1+(p/m))/(1-(p/m)) t/s ln[(1+(p/m))/(1-(p/m))] 

0.065 1.138 0 0.129 

0.068 1.145 1800 0.136 

0.072 1.155 3600 0.144 

0.074 1.161 5400 0.149 

0.077 1.168 7200 0.155 

0.080 1.175 9000 0.161 

0.082 1.179 10800 0.165 

0.086 1.188 12600 0.172 

0.089 1.196 14400 0.179 

0.093 1.205 16200 0.187 
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Figure S1. The plot of ln[(1+(p/m))/(1-(p/m))] vs time of 3aa at 90 ℃ 

T = 90 ℃ (mesitylene); 𝑘𝑒𝑛𝑡 =
1

2
 𝑘𝑟𝑎𝑐 =

1

2
𝑠𝑙𝑜𝑝𝑒 = 1.5 × 10−6 s-1; t1 2⁄ = ln 2 𝑘𝑟𝑎𝑐⁄ = 64.2 h;  

ΔG𝑇
≠ = ln(

𝑘𝐵𝑇

ℎ×𝑘𝑒𝑛𝑡
) RT = 130.03 kJ⋅mol-1 = 31.1 kcal⋅mol-1 

T = 25 ℃; 𝑘𝑟𝑎𝑐 = 2.06 × 10−10 s-1; t1 2⁄ = ln 2 𝑘𝑟𝑎𝑐⁄ = 107 years; 

 

5. HPLC traces 

Compound 3aa 
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Compound 3ba 
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Compound 3ca 

 

 

 

 

 

Compound 3da 
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Compound 3ea 
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Compound 3fa 

 

 

 

 

 

Compound 3ga 
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Compound 3ha 
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Compound 3ia 

 

 

 

 

 

Compound 3ja 
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Compound 3ka 
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Compound 3la 

 

 

 

 

 

Compound 3ma 
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Compound 3na 
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Compound 3oa 

 

 

 

 
 
Compound 3pa 
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Compound 3qa 
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Compound 3ra 

 

 

 

 

 

Compound 3sa 

 

 



 

S 16 

 

 

 

 

Compound 3ab 
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Compound 3ac 

 

 

 

 

 

Compound 3ad 
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Compound 3ae 
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Compound 3af 

 

 

 

 

 

Compound 4 
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Compound 5 
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7. NMR spectra for compounds  
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8. X-ray crystal structure of 3ha 

 
Figure S2. ORTEP diagram of 3ha. Thermal ellipsoids are shown at 50% probability level. 

All hydrogen atoms on carbon are omitted for clarity. 
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