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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 and 19F NMR spectra 

were recorded on a Bruker AvanceⅡ 400 MHz and Bruker Avance Ⅲ 471 MHz respectively, 13C NMR spectra 

were recorded on a Bruker AvanceⅡ 101 MHz or Bruker Avance Ⅲ 126 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 4 was assigned by the X-ray analysis. 

4-Isothiocyanato pyrazolones were prepared according to the literature.1 Alkynyl ketones were prepared 

according to the literature.2 Catalyst Q5 was synthesized according to the literature procedure.3 The racemic 

products were synthesized using quinine/quinidine = 1:1 as the catalyst. 

2. General procedure of 4-isothiocyanato pyrazolone 11 

 

To a suspension of 4-amino pyrazolone hydrochloride (4.0 mmol, 1.0 equiv) in EtOH (10 mL) were added 

CS2 (3.05 g, 40.0 mmol, 10.0 equiv) and Et3N (1.62 g, 16.0 mmol, 4.0 equiv), under argon. The reaction mixture 

was stirred for 45 min at room temperature and then cooled on an ice bath. Then a solution of Boc2O (0.87 g, 4.0 

mmol, 1.0 equiv) and DMAP (10 mol %) in 3 mL EtOH was added slowly. The reaction mixture was kept in the 

ice bath for 5 min, and then stirred for another 15 min at room temperature. Then the reaction mixture was 

quenched with 10% HCl aqueous (10 mL), and the mixture was extracted with DCM. The combined organic layers 

were dried over Na2SO4, concentrated under vacuum. The residue was purified by flash column chromatography 

on silica gel (petroleum ether/EtOAc = 6:1) or recrystallization (dichloromethane/hexane) to obtain the 

4-isothiocyanato pyrazolone 1a-l in 40-70% yields. 

3. General procedure of ynones 22b 

 

Ethynylmagnesium bromide or 1-propynylmagnesium bromide solution (0.50 M solution in THF 12 mL, 1.2 

equiv.) was added dropwise to a stirred solution of aldehyde (5.0 mmol, 1.0 equiv.) in anhydrous THF (10 mL) at 0 

oC. The mixture was kept stirring at 0 oC for 20 minutes and warmed to room temperature for additional two hours. 

Then the reaction mixture was quenched with saturated ammonium chloride (20 mL) and extracted with ethyl 

acetate for three times. The organic layers was combined and dried with anhydrous Na2SO4. It was evaporated 
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under reduced pressure to give intermediate alcoho, which was used in next step directly. The crude alcohol 6 was 

dissolved in dichloromethane and treated with activated MnO2 (10 equiv.). After completion of the reaction 

(monitored by TLC), the solid was removed by filtration of the reaction mixture through a pad of celite. Then it 

was extracted with ethyl acetate and dried with anhydrous Na2SO4. Then the reaction mixture was concentrated 

under reduced pressure and purified by column chromatography to give the desired ynones 2. 

4. General procedure for the synthesis of racemic 3 

 

A tube equipped with a magnetic stir bar was charged with 4-isothiocyanato pyrazolone 1 (0.1 mmol), 

quinine/quinidine = 1:1 (0.01 mmol), and DCM (1 mL). After stirring for 5 min, alkynyl ketone 2 (0.11 mmol) was 

added in one portion. The reaction was detected by TLC. After 0.5-1 h, the mixture was purified by column 

chromatography on silica gel (unless otherwise noticed, petroleum ether/EtOAc = 8:1 was used as the eluent) 

directly to give the product racemic 3. 

5. Copies of HPLC chromatographs 
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Compound ent-3aa 

 

 

 

Gram-Scale Synthesis of 3aa 

 

 

Compound 3ba 
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Compound 3ca 

  

 

 

 

 

Compound 3da 
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Compound 3ea 
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Compound 3fa 

 

 

 

 

 

Compound 3ga 

 

 

 



S７ 

 

 

Compound 3ha 
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Compound 3ia 

 

 

 

 

 

Compound 3ja 
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Compound 3ka 

 

 

 

 

 

 

Compound 3la 

 

 



S１０ 

 

Compound 3ab 

 

 

 

 

 

Compound 3ac 
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Compound 3ad 
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Compound 3ae 

  

 

 

 

 

Compound 3af 
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Compound 3ag 
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Compound 3ah 

 

 

 

 

Compound 3ai 
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Compound 3aj 

 

 

 

 

 

Compound 3ak 
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Compound 3al 
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Compound 3am 

 

 

 

 

 

Compound 3an 
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Compound 3ao 

 

 

 

 

 

Compound 4 
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Compound 5 
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7. NMR spectra for compounds 
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