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General Experimental Details 

General Information: 

All commercial solvents and reagents were used as obtained without further purification. Flash 

column chromatography was performed using silica-gel (200-400 mesh). Optical rotations were 

measured on Perkin Elmer Model 341 digital polarimeter. Mass spectra were measured with 

Termo Finnigan LCQ-Advantage. 
1
H NMR and 

13
C NMR spectra were recorded at VARIAN-400 

operating at 400 MHz and 100 MHz respectively, and chemical shifts were referenced to internal 

tetramethylsilane (TMS, δ = 0.0 ppm) for 
1
H, the central line of CDCl3 (δ = 77.0 ppm) for 

13
C. 

Enantiomeric excesses of products were determined by HPLC using a Daicel Chiralcel AD-H, 

OD-H or AY-H column and eluting with hexane/i-PrOH. 

Typical procedures for the synthesis of imidazolethione 2a: 

Imidazolidinones were prepared according to the literature
1
. Lawsson’s reagent was used as the 

thio reagent of carbonyl. Lawsson’s reagent (2.43 g, 6 mmol) were added to the solution of 

imidazolidinone 1a (2.18 g, 10 mmol) in 30 mL toluene. The reaction mixture was stirred at 70 °C 

under nitrogen atmosphere for the given time (monitored by TLC). Then the solvent was 

evaporated under vacuum, and the residue was purified by flash column chromatography over 

silica gel (petroleum ether/CH2Cl2/EtOAc 4:1:1) to get the corresponding imidazolethione 2a in 

95% yield. The obtained imidazolidinones catalyst (2.34 g, 10 mmol) was added to a dried round 

bottom flask with 10 mL of ether and cooled to 0 °C. While stirring vigorously, TFA (1.20 g, 10.5 

mmol) was added dropwise, and the cooling bath was removed. The mixture was stirred for 0.5 h, 

while slowly warming to room temperature, after which it was filtered, and the solid was washed 

with 30 mL EtOAc (10 ml × 3) to yield the catalyst salt as a white solid. 

General procedure for the the synthesis of (S)-3-cyclohexyl-2-((2,2,6,6-tetrameth-yl 

piperidin-1-yl)oxy)propan-1-ol (5a) 

 

A mixture of NaBr (0.021 g, 0.2 mmol), TEMPO (0.016 g, 0.1 mmol), and 3-phenylpropanol 

(0.136 g, 1 mmol) in CH2Cl2 (1 mL) was stirred at 70 °C. 10% NaClO aqueous solution (1.120 g, 

1.5 mmol, pH = 8.5-9.5, which was adjusted by NaHCO3) was added dropwise. The mixture was 

stirred for 15 minutes at 0 °C. When the oxidation reaction was finished, the α-oxyamination 

reaction was carried out without isolating intermediates. H2O (2 mL), acetone (1 mL) , catalyst 

salt 2a (0.070 g, 0.2 mmol), CuCl2 (0.014 g, 0.1mmol) and TEMPO (0.234 g, 1.5 equiv.) were 

added and the mixture were stirred at -20 °C for 48 h until the reaction was judged to be complete 

by TLC. To the mixture in EtOH (5 mL), cooled to 0 °C, was added NaBH4 (0.076 g, 2 equiv.). 

The resulting suspension was stirred for 0.5 h and the solution was filtered over silica gel. The 

filtrate was extracted with CH2Cl2 (10mL × 3). The combined organic layer was dried over 

Na2SO4, The solvent was removed with a rotary evaporator. The residue was purified silica-gel 

chromatography (petroleum ether/EtOAc 15:1) to afford the desired product 5a. 
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Table 1  Solvent screening for α-oxyamination of aldehyde: 

 

Entry Solvent Yield
b
 (%) ee

c
 (%) 

1 DMF 65 73 

2 actone 24 n.d.d 

3 i-PrOH 13 n.d. 

4 CH2Cl2 trace n.d. 

5 THF trace n.d. 

6 CH3CN trace n.d. 

7 MeOH 20 n.d. 

8 H2O 85 75 

9 H2O/DMF (v/v = 4:1) 73 67 

10 H2O/ i-PrOH (v/v = 4:1) 63 57 

11 H2O/ THF (v/v = 4:1) 77 70 

12 H2O/ CH2Cl2 (v/v = 4:1) 85 74 

13 H2O/ CH2Cl2 (v/v = 1:1) 53 65 

13 H2O/ CH2Cl2 (v/v = 1:4) 8 n.d. 

a Reaction condition: 3a (1 mmol), TEMPO (2 mmol), catalyst (20 mol%), TFA (20 mol%), FeCl3 (1 equiv.), Solvent (2 mL), r.t., 

3 h; NaBH4 (2 equiv.), 0 °C; b Isolated yield after column chromatography. c Enantiomeric excess determined by HPLC analysis.  

d not determined. 

Table 2  Synergistic metal salt screening for α-oxyamination of aldehyde: 

 

Entry Metal T (°C) t (h) Yield
b
 (%) ee

c
 (%) 

1 FeCl3 25 3 85 75 

2 Fe2(SO4)3 25 3 78 73 

3 Fe (NO3)3 25 3 79 68 

4 FeCl2 25 3 83 72 

5 FeSO4 25 3 77 72 

6 CuCl2 25 3 85 80 

7 CuSO4 25 3 77 73 

8 Cu(OTf)2 25 3 75 72 
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9 Cu(OAC)2 25 3 73 63 

10 CuCl 25 3 83 85 

11 CuBr 25 3 80 83 

12d CuCl -10 24 74 78 

13e CuCl -20 48 65 72 

14e CuCl2 -20 48 83 89 

15f CuCl2 -20 48 80 90 

a Reaction condition: 3a (1 mmol), TEMPO (2 mmol), 2a (20 mol%), TFA (20 mol%), metal (1 equiv.), H2O (2 mL), NaBH4 (2 

equiv.). b Isolated yield after column chromatography. c Enantiomeric excess determined by HPLC analysis. d H2O/acetone (v/v = 

4:1). e H2O/acetone (v/v = 2:1). f CuCl2 (10 mol%), TEMPO (1.5 equiv.). 

Table 3  Optimization of reaction conditions for oxidation of alcohols: 

 

Entry NaBr (mol%) TEMPO (mol%) NaClO
a
 (equiv.) Yield

b
 (%)  

1 10 10 1.2 86 

2 20 10 1.2 95 

3 25 10 1.2 94 

4 20 20 1.2 93 

5 20 30 1.2 93 

6 20 10 1.5 90 

7 20 10 1.7 85 

8 20 10 2.0 74 

a 10% NaClO aqueous solution. b Isolated yield after column chromatography. 

Table 4  Investigation of the amount of TEMPO 

 

Entry TEMPO (equiv.) Yield
b 

(%) ee
c
 (%) 

1 2.5 84 88 

2 2 83 89 

3 1.8 82 88 

4 1.5 81 90 

5 1.3 72 90 

6 1.0 65 89 

a Reaction condition: 3a (1 mmol), CuCl2 (1 equiv.), catalyst 2a (20 mol%), TFA (20 mol%), H2O (2 mL), actone (1 mL), -20 °C, 
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48 h, NaBH4 (2 equiv.), 0 °C, 0.5 h; b Isolated yield after column chromatography. c Enantiomeric excess determined by HPLC 

analysis. 

Table 5  Investigation of the amount of CuCl2 

 

Entry CuCl2 (equiv.) Yield
b 

(%) ee
c
 (%) 

1 1 83 89 

2 0.8 83 89 

3 0.6 82 88 

4 0.4 82 89 

5 0.2 81 90 

6 0.1 80 90 

7 0.05 71 90 

a Reaction condition: 3a (1 mmol), TEMPO (1.5 mmol), catalyst 2a (20 mol%), TFA (20 mol%), H2O (2 mL), actone (1 mL), 

-20 °C, 48 h, NaBH4 (2 equiv.), 0 °C, 0.5 h; b Isolated yield after column chromatography. c Enantiomeric excess determined by 

HPLC analysis. 

 

 

 

 

 

 

  



S6 

Experimental characterization data for compounds (5a-5j) 

(S)-3-phenyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)propan-1-ol (5a) 

247.4 mg, 85% yield (colorless oil); [α]D
25

 = -65.4 (c = 0.52, CH2Cl2); The 

enantiomeric purity was determined by HPLC (210 nm, 25 °C) tR = 8.0 min 

(major); tR = 9.8 min (minor) [Chiralcel OD-H (0.46 cm × 25cm) (from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 98/2, 0.8 mL/min] as 90% ee. MS (ESI): 292.1 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 7.29-7.15 (m, 5H), 5.74 (br, 1H), 4.50-4.41 (m, 1H), 4.00-3.92 

(m, 1H), 3.64 (d, J = 11.8 Hz, 1H), 2.65 (ddd, J = 19.0, 13.6, 6.2 Hz, 2H), 1.63-1.33 (m, 6H), 1.29 

(s, 3H), 1.21 (s, 3H), 1.11 (s, 3H), 0.97 (s, 3H).  

13
C NMR (100 MHz, CDCl3) δ = 138.0, 129.1, 127.8, 125.8, 80.9, 67.7, 40.2, 39.8, 37.6, 34.5, 

32.4, 20.5, 20.2, 17.1. 

(S)-2-phenyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)ethanol (5b) 

260.4 mg, 94% yield (colorless oil); [α]D
25

 = -4.53 (c = 0.40, CH2Cl2); The 

enantiomeric purity was determined by HPLC (210 nm, 25 °C) tR = 7.3 min    

(major); tR = 8.0 min (minor) [Chiralcel AY-H (0.46 cm × 25cm) (from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 98/2, 1.0 mL/min] as 4% ee. MS (ESI): 

278.2 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 7.39-7.22 (m, 5H), 5.86 (br, 1H), 5.31-5.25 (m, 1H), 4.20 (dd, J = 

12.2, 9.6 Hz, 1H), 3.70 (d, J = 11.8 Hz, 1H), 1.75-1.44 (m, 9H), 1.33 (s, 3H), 1.21 (s, 3H), 1.14 (s, 

3H).
  

13
C NMR (100 MHz, CDCl3) δ = 138.9, 128.19, 127.7, 126.7, 83.87, 69.4, 61.6, 60.5, 40.45, 34.6, 

32.86, 20.9, 20.59, 17.3. 

(S)-4-phenyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)butan-1-ol (5c) 

244 mg, 80% yield (colorless oil); [α]D
25

 = -53.5 (c = 1.42, CH2Cl2); The 

enantiomeric purity was determined by HPLC (210 nm, 25 °C) tR = 12.6 

min (minor); tR =14.7 min (major) [Chiralcel OD-H (0.46 cm × 25cm) 

(from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 98/2, 0.8mL/min] as 89% 

ee. MS (ESI): 306.4 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 7.28-7.14 (m, 5H), 6.00 (br, 1H), 4.30-4.24 (m, 1H), 4.00 (dd, J = 

12.0, 10.0 Hz, 1H), 3.58 (d, J = 11.6 Hz, 1H), 2.85-2.78 (m, 1H), 2.73-2.60 (m, 1H), 1.70-1.46 (m, 

8H), 1.34 (s, 3H), 1.25 (s, 3H), 1.20 (s, 3H), 1.13 (s, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 141.8, 128.2, 125.7, 79.5, 68.5, 61.6, 60.0, 40.5, 40.0, 34.6, 33.0, 

32.6, 32.2, 20.6, 17.3. 

(S)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)butan-1-ol (5d)  

104 mg, 80% yield (colorless oil); [α]D
25

 = -63.3 (c = 0.98, CH2Cl2); The 

enantiomeric purity was determined by HPLC (226 nm, 25 °C) tR = 11.5 min 

(minor); tR =12.1 min (major) [Chiralcel AD-H (0.46 cm × 25cm) (from Daicel 
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Chemical Ind., Ltd.) hexane/i-PrOH, 98/2, 0.4 mL/min] as 98% ee. MS (ESI): 130.0 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.14 (br, 1H), 4.37-4.32 (m, 1H), 3.93 (dd, J = 11.8, 9.8 Hz, 1H), 

3.53 (d, J = 11.6 Hz, 1H), 1.74-1.44 (m, 8H), 1.34 (s, 3H), 1.33 (s, 3H), 1.17 (s, 3H), 1.10 (s, 3H), 

1.06-0.82 (m, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 81.11, 67.75, 61.15, 59.48, 40.06, 39.63, 34.39, 32.11, 23.91, 

20.17, 20.08, 16.96, 10.15. 

(S)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)hexan-1-ol (5e) 

223.6mg, 87% yield (colorless oil); [α]D
25

 = -42.7 (c 0.50, CH2Cl2); The 

enantiomeric purity was determined by HPLC (226 nm, 25 °C) tR = 22.5 min 

(minor); tR =25.6 min (major) [Chiralcel OD-H (0.46 cm × 25cm)  (from 

Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 99.9/0.1, 0.2 mL/min→0.6 mL/min] as 89% ee. MS 

(ESI): 258.2 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.04 (br, 1H), 4.39-4.10 (m, 1H), 3.95 (dd, J = 12.0, 9.8 Hz, 1H), 

3.57 (d, J = 11.8 Hz, 1H), 1.70-1.34 (m, 12H), 1.33 (s, 3H), 1.32 (s, 3H), 1.17 (s, 3H), 1.11 (s, 3H), 

0.90 (t, J = 7.0 Hz, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 79.90, 68.50, 61.40, 59.70, 40.3, 39.8, 34.7, 32.3, 30.8, 28.1, 

22.9, 20.4, 20.3, 17.2, 14.0. 

(S)-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)octan-1-ol (5f) 

233.2 mg, 88% yield (colorless oil); [α]D
25

 = -67.4 (c = 0.65, CH2Cl2); 

The enantiomeric purity was determined by HPLC (226 nm, 25 °C) tR = 

11.9 min (minor); tR =10.4 min (major) [Chiralcel OD-H (0.46 cm × 

25cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 99.9/0.1, 0.6 mL/min] as 97% ee. MS 

(ESI): 286.2 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.03 (br, 1H), 4.37-4.15 (m, 1H), 3.95 (dd, J = 12.0, 9.8 Hz, 1H), 

3.56 (dd, J = 12.0, 1.8 Hz, 1H), 1.73-1.23 (m, 22H), 1.17 (s, 3H), 1.10 (s, 3H), 0.89 (t, J = 6.8 Hz, 

3H). 

13
C NMR (100 MHz, CDCl3) δ = 79.90, 68.6, 61.5, 59.8, 40.3, 39.9, 34.7, 32.4, 31.8, 31.1, 29.5, 

25.9, 22.7, 20.5, 20.4, 17.2, 14.2. 

(S)-3-methyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)butan-1-ol (5g) 

183.0 mg, 75% yield (colorless oil); [α]D
25

 = -57.8 (c = 1.26, CH2Cl2); The 

enantiomeric purity was determined by HPLC (226 nm, 25 °C). tR = 8.2 min 

(minor); tR =9.7 min (major) [Chiralcel AD-H (0.46 cm × 25cm). (from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 98/2, 0.5 mL/min] as 98% ee. MS (ESI): 

244.0 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.15 (br, 1H), 4.26-3.97 (m, 2H), 3.78-3.46 (m, 1H), 1.75-1.41 

(m, 7H), 1.34 (s, 3H), 1.32 (s, 3H), 1.18 (s, 3H), 1.13 (s, 3H), 0.97 (s, 3H), 0.95 (s, 3H). 
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13
C NMR (100 MHz, CDCl3) δ = 83.9, 66.6, 61.6, 59.9, 40.3, 39.9, 34.6, 32.1, 30.5, 20.4, 20.3, 

19.5, 18.0, 17.1. 

(2S)-3,7-dimethyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)oct-6-en-1-ol (5h) 

204.2 mg, 77% yield (colorless oil); [α]D
25

 = -64.0 (c = 1.00, CH2Cl2); 

The enantiomeric purity was determined by HPLC (226 nm, 25 °C). tR = 

22.3 min (major); tR = 24.3min (minor) [Chiralcel OD-H (0.46 cm × 25 

cm). (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 99.9/0.1, 0.2 mL/min→0.6 mL/min] as 99% 

ee. MS (ESI): 312.0[M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.01 (br, 1H), 5.08 (t, J = 6.8 Hz, 1H), 4.41-3.96 (m, 2H), 3.60 

(dd, J = 25.6, 10.6 Hz, 1H), 2.09-1.87 (m, 2H), 1.69 (s, 3H), 1.61 (s, 3H), 1.56 -1.20 (m, 15H), 

1.18 (s, 3H), 1.13 (s, 3H), 0.94 (d, J = 6.8 Hz, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 131.2, 124.2, 83.4, 82.3, 67.1, 66.1, 61.6, 60.0, 40.4, 40.0, 35.5, 

35.1, 34.7, 34.1, 32.5, 32.3, 25.9, 25.7, 20.4, 17.7, 17.1, 16.1, 14.6. 

(S)-3-cyclohexyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)propan-1-ol (5i) 

249.5 mg, 84% yield (colorless oil); [α]D
25

 = -40.28 (c = 1.40, CH2Cl2); The 

enantiomeric purity was determined by HPLC (226 nm, 25 °C). tR = 14.8 min 

(major); tR = 15.5min (minor) [Chiralcel AD-H (0.46 cm × 25 cm). (from 

Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 99.5/0.5, 0.5 mL/min] as 95% ee. MS (ESI): 298.1 

[M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.16 (br, 1H), 4.37-4.32 (m, 1H), 3.93 (dd, J = 11.8, 9.8 Hz, 1H), 

3.53 (d, J = 11.6 Hz, 1H), 1.83-1.36 (m, 12H), 1.34 (s, 3H), 1.33-1.29 (m, 4H), 1.29-1.18 (m, 3H), 

1.17 (s, 3H), 1.10 (s, 3H), 1.06-0.81 (m, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 77.50, 68.9, 61.3, 59.6, 40.3, 39.8, 38.7, 34.6, 34.2, 34.1, 33.2, 

32.3, 26.5, 26.3, 26.2, 20.4, 20.3, 17.1. 

(S)-methyl 8-hydroxy-7-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)octanoate (5j) 

9.3 mg, 87% yield (colorless oil); [α]D
25

 = -64.6 (c = 0.62, CH2Cl2); 

The enantiomeric purity was determined by HPLC (226 nm, 25 °C). 

tR = 17.8 min (minor); tR = 20.1min (major) [Chiralcel OD-H (0.46 

cm × 25cm). (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 

99/1, 0.4 mL/min] as 97% ee. MS (ESI): 330.1 [M+H]
+
. 

1
H NMR (400 MHz, CDCl3) δ = 6.01 (br, 1H), 4.34-4.18 (m, 1H), 4.31-4.24 (m, 1H), 3.66 (s, 3H), 

3.62-3.50 (m, 1H), 2.31 (t, J = 7.6 Hz, 1H), 1.73-1.22 (m, 20H), 1.17 (s, 3H), 1.11 (s, 3H). 

13
C NMR (100 MHz, CDCl3) δ = 173.4, 80.0, 68.1, 61.3, 59.7, 51.1, 40.1, 39.6, 34.4, 33.8, 32.1, 

30.7, 29.1, 25.3, 24.6, 20.3, 20.2, 17.0. 
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NMR spectra and HPLC analyses for products (5a-5j) 

NMR spectra 
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HPLC analyses 

   

 

Daicel Chiralcel OD-H, 210 nm, hexane/i-PrOH = 98/2, flow rate 0.8 mL/min. 
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Daicel Chiralcel AY-H, 210 nm, hexane/i-PrOH = 98/2, flow rate 1.0 mL/min. 
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Daicel Chiralcel OD-H, 210 nm, hexane/i-PrOH = 98/2, flow rate 0.8 mL/min. 
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Daicel Chiralcel AD-H, 226 nm, hexane/i-PrOH = 98/2, flow rate 0.4 mL/min. 
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Daicel Chiralcel OD-H, 226 nm, hexane/i-PrOH = 99.9/0.1, flow rate 0.2 mL/min→0.6 mL/min. 
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Daicel Chiralcel OD-H, 226 nm, hexane/i-PrOH = 99.9/0.1, flow rate 0.6 mL/min. 
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Daicel Chiralcel AD-H, 226 nm, hexane/i-PrOH = 98/2, flow rate 0.5 mL/min. 
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Daicel Chiralcel OD-H, 226 nm, hexane/i-PrOH = 99.9/0.1, flow rate 0.2 mL/min→0.6 mL/min. 
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Daicel Chiralcel AD-H, 226 nm, hexane/i-PrOH = 99.5/0.5, flow rate 0.5 mL/min. 
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Daicel Chiralcel OD-H, 226 nm, hexane/i-PrOH = 99/1, flow rate 0.4 mL/min. 
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