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S1. General  

 
1H and 13C NMR spectra (400 and 125 MHz or 600 and 151 MHz) were recorded in CDCl3 on a 

JEOL ECZ400S instrument (Jeol Ltd., Tokyo, Japan) and Bruker Avance II 600 instrument 

(Bruker, Billerica, MA, USA), respectively. 1H NMR chemical shifts are reported in ppm (δ) 

relative to tetramethylsilane (TMS) and CDCl3 (δ 7.26 ppm). Data are reported as follows: 

chemical shift, multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, 

m = multiplet, etc.), coupling constants (Hz) and integration.  

13C NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) or CDCl3 (δ 77.16 

ppm). High resolution mass spectra (HRMS) were measured on a Waters LCT Premier XE TOF 

instrument (Waters Corporation, Milford, MA, USA) with electrospray ionization.  

HPLC analysis was performed on SHIMADZU NEXERA X2 apparatus (Chiral Technologies 

INC. West Chester, PA, USA) using CHIRALPAK IA-3, IB-3 and IC-3 chiral columns (4.6 mm 

× 25 cm) without guard column. Each HPLC analysis has been controlled by comparison with 

the pure sample and the racemate. 

Optical rotations were measured using an Optical Activity Ltd. Model AA-5 automatic 

polarimeter (Optical Activity Ltd., Huntington, UK) at λ = 589 nm (c g/100 mL). 

Melting points were determined using a Boëtius hot-stage apparatus (PHMK VEB Analytic, 

Dresden, Germany). 

Reactions were monitored by thin-layer chromatography (TLC) on silica gel 60 F-254 

precoated plates (Merck, Darmstadt, Germany), and spots were visualized with a UV lamp or 

KMnO4 dip.  

Catalytic reactions were performed in standard reaction tubes with PTFE stopper without any 

protection against moisture or air. 

Ball milling was realized in a planetary ball mill PM-200 (Retsch GmbH, Haan, Germany) in a 

stainless steel 12 mL containers with stainless steel grinding balls with diameter 10 mm. 

 

S2. Catalysts 

Selenoureas 5a–c, 5f‒h, 5k and thiourea 6a were described in our previous publication [7]. 

Thiourea 6b were prepared following the literature precedents [40,41]. Compounds 5d, 5e, 5i 

and 5j are novel. 
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S3. Spectral data 

  

 

 

Figure S1. 1H and 13C NMR spectra of [(1S)-1-isoselenocyanatoethyl]benzene 3d.  
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Figure S2. 1H and 13C NMR spectra of (1R,4aS,10aR)-1,4a-dimethyl-7-isopropyl-1-

(isoselenocyanatomethyl)-1,2,3,4,4a,9,10,10a-octahydrophenanthrene 3e.   
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Figure S3. 1H NMR (400 MHz) spectrum of 2‐(2‐nitro‐1‐phenylethyl)‐1,3‐

bis(phenylsulfanyl)propane‐1,3‐dione 9 in CDCl3. The signal at 1.26 ppm refers to residual 

hexane and the signal at 1.56 ppm refers to residual water.  

Figure S4. 1H NMR (400 MHz) spectra of 4-methyl-2-hydroxy-7,7-dimethyl-5-oxo-4-phenyl-

3,4,5,6,7,8-hexahydro-2H-chromene-2-carboxylate 12 in CDCl3. The signal at 2.04 ppm refers to 

residual ethyl acetate.  
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Figure S5. 1H and 13C NMR spectra of N-[(8S,9S)-6’-methoxycinchonan-9-yl]-N’-[(S)-1-

phenylethyl]selenourea eQN-5d. 
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Figure S6. 1H and 13C NMR spectra of N-{[(1R,4aS,10aR)-1,4a-dimethyl-7-izopropyl-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-yl]methyl}-N’-[(8S,9S)-6’-methoxycinchonan-9-

yl]selenourea eQN-5e. 
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Figure S7. 1H and 13C NMR spectra of N-[(8R,9R)-6’-methoxycinchonan-9-yl]-N’-[(S)-1-

phenylethyl]selenourea eQD-5i. 
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Figure S8. 1H and 13C NMR spectra of N-{[(1R,4aS,10aR)-1,4a-dimethyl-7-izopropyl-

1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-yl]methyl}-N’-[(8R,9R)-6’-methoxycinchonan-9-

yl]selenourea eQD-5j. 
 
 

S4. HPLC chromatograms 

S4.1.Michael Addition of S, S’-diphenyl dithiomalonate to trans-β-nitrostyrene. 

(Chiralcel IB-3, n-hexane/2-propanol, 9:1, flow rate 1mL/min, λ = 205 nm) 
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Figure S9. HPLC chromatogram for racemic 2‐(2‐nitro‐1‐phenylethyl)‐1,3‐

bis(phenylsulfanyl)propane‐1,3‐dione 9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5a in a solution 

at 273 K (87% ee). 
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Figure S11. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5b in a solution 

at 273 K (96% ee). 

 

Figure S12. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5c in a solution 

at 273 K (95% ee). 
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Figure S13. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5d in a solution 

at 273 K (96% ee). 

 

Figure S14. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5e in a solution 

at 273 K (93% ee). 
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Figure S15. HPLC chromatogram for S-9: sample obtained with catalyst  eCD-5f in a solution 

at 273 K (85% ee). 

 

 

Figure S16. HPLC chromatogram for S-9: sample obtained with catalyst  eDHQN-5g in a 

solution at 273 K (86% ee). 
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Figure S17. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5h in a solution 

at 273 K (96% ee). 

 

Figure S18. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5i in a solution 

at 273 K (94% ee). 
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Figure S19. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5j in a solution 

at 273 K (87% ee). 

 

Figure S20. HPLC chromatogram for R-9: sample obtained with catalyst  eDHQD-5k in a 

solution at 273 K (94% ee). 
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Figure S21. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-6a in a solution 

at 273 K (95% ee). 

 

Figure S22. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-6b in a solution 

at 273 K (76% ee). 
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Figure S23. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5c in a solution 

at 298 K (72% ee). 

 

Figure S24. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5d in a solution 

at 298 K (78% ee). 
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Figure S25. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5e in a solution 

at 298 K (69% ee). 

 

Figure S26. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5h in a solution 

at 298 K (87% ee). 
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Figure S27. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5i in a solution 

at 298 K (89% ee). 

 

Figure S28. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5j in a solution 

at 298 K (72% ee). 
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Figure S29. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5a in a planetary 

ball mill (73% ee). 

 

Figure S30. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5b in a planetary 

ball mill (71% ee). 
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Figure S31. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5c in a planetary 

ball mill (71% ee). 

 

Figure S32. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5d in a planetary 

ball mill (77% ee). 
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Figure S33. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-5e in a planetary 

ball mill (69% ee). 

 

Figure S34. HPLC chromatogram for S-9: sample obtained with catalyst  eCD-5f in a planetary 

ball mill (76% ee). 
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Figure S35. HPLC chromatogram for S-9: sample obtained with catalyst  eDHQN-5g in a 

planetary ball mill (90% ee). 

 

Figure S36. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5h in a 

planetary ball mill (84% ee). 
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Figure S37. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5i in a planetary 

ball mill (93% ee). 

 

Figure S38. HPLC chromatogram for R-9: sample obtained with catalyst  eQD-5j in a planetary 

ball mill (87% ee). 
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Figure S39. HPLC chromatogram for R-9: sample obtained with catalyst  eDHQD-5k in a 

planetary ball mill (93% ee). 

 

Figure S40. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-6a in a planetary 

ball mill (77% ee). 
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Figure S41. HPLC chromatogram for S-9: sample obtained with catalyst  eQN-6b in a planetary 

ball mill (59% ee). 

S4.2. Asymmetric Michael hemiacetalization reaction of benzylidenepyruvate  and dimedone  

(Chiralcel IA-3, n-hexane/2-propanol, 7:3, flow rate 1mL/min, λ=254 nm) 
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Figure S42. HPLC chromatogram for racemic 4-methyl-2-hydroxy-7,7-dimethyl-5-oxo-4-

phenyl-3,4,5,6,7,8-hexahydro-2H-chromene-2-carboxylate 12. 

 

Figure S43. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5a in a solution 

at 298 K (67% ee). 
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Figure S44. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5b in a solution 

at 298 K (64% ee). 

 

Figure S45. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5c in a solution 

at 298 K (65% ee). 
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Figure S46. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5d in a solution 

at 298 K (84% ee). 

 

Figure S47. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5e in a solution 

at 298 K (94% ee). 
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Figure S48. HPLC chromatogram for R-12: sample obtained with catalyst  eCD-5f in a solution 

at 298 K (66% ee). 

 

Figure S49. HPLC chromatogram for R-12: sample obtained with catalyst  eDHQN-5g in a 

solution at 298 K (69% ee). 
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Figure S50. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5h in a solution 

at 298 K (73% ee). 

 

Figure S51. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5i in a solution 

at 298 K (85% ee). 
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Figure S52. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5j in a 

solution at 298 K (93% ee). 

 

Figure S53. HPLC chromatogram for S-12: sample obtained with catalyst  eDHQD-5k in a 

solution at 298 K (82% ee). 
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Figure S54. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-6a in a solution 

at 298 K (91% ee). 

 

Figure S55. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-6b in a solution 

at 298 K (76% ee). 
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Figure S56. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5c in a solution 

at 273 K (69% ee). 

 

Figure S57. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5d in a solution 

at 273 K (76% ee). 
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Figure S58. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5e in a solution 

at 273 K (89% ee). 

 

Figure S59. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5h in a solution 

at 273 K (80% ee). 
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Figure S60. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5i in a solution 

at 273 K (80% ee). 

 

Figure S61. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5j in a solution 

at 273 K (85% ee). 
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Figure S62. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5a in a 

planetary ball mill (50% ee). 

 

Figure S63. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5b in a 

planetary ball mill (35% ee). 
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Figure S64. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5c in a 

planetary ball mill (34% ee). 

 

Figure S65. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5d in a 

planetary ball mill (58% ee). 
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Figure S66. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5e in a 

planetary ball mill (53% ee). 

 

Figure S67. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-5f in a 

planetary ball mill (50% ee). 
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Figure S68. HPLC chromatogram for R-12: sample obtained with catalyst  eDHQN-5g in a 

planetary ball mill (53% ee). 

 

Figure S69. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5h in a 

planetary ball mill (39% ee). 
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Figure S70. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5i in a 

planetary ball mill (64% ee). 

 

Figure S71. HPLC chromatogram for S-12: sample obtained with catalyst  eQD-5j in a 

planetary ball mill (73% ee). 
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Figure S72. HPLC chromatogram for S-12: sample obtained with catalyst  eDHQD-5k in a 

planetary ball mill (39% ee). 

 

Figure S73. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-6a in a 

planetary ball mill (48% ee). 
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Figure S74. HPLC chromatogram for R-12: sample obtained with catalyst  eQN-6b in a 

planetary ball mill (61% ee). 

 

 


