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1. General information 

 

Unless otherwise stated, all commercial reagents were used as received and all reactions were 

carried out directly under open air except the aldehydes that were distilled before using. All 

flash chromatography was carried out using 60-mesh silica gel and dry-packed columns. NMR 

spectra were registered in a Bruker Advance 400 Ultrashield spectrometer in CDCl3 at room 

temperature, operating at 400.13 MHz (1H) and 100.63 MHz (13C{1H}). TMS was used as 

internal standard for 1H-NMR and CDCl3 for 13C-NMR. Chemical shifts are reported in ppm 

referred to TMS. Chemical shifts are given in δ and coupling constants in Hz. Optical rotations 

were measured at room temperature on a Jasco P-1030 polarimeter. Racemic standard products 

were prepared using DL-proline as catalyst according to reported procedures in order to 

establish HPLC conditions. The absolute configuration of the reaction products was confirmed 

by HPLC and optical rotations, by comparison with reported data. 

 

 

2. General procedure of -aminoxylation of aldehydes 

 

Catalyst 3 (2 mol%, 0.005mmol) and nitrosobenzene (1 eq., 0.25 mmol, 27.6 mg) were 

dissolved in 0.25 mL acetonitrile in a 1 mL vial. The mixture was cooled to 0 oC in an ice-water 

bath and the corresponding aldehyde (3 eq., 0.75 mmol) was added with stirring. When the 

limiting reactant had been completely consumed, 0.5 mL of EtOH and 1 eq. of NaBH4 were 

added respectively at 0 oC. After 20 minutes, the reaction mixture was treated with saturated 

aqueous NH4Cl solution (5 mL) and extracted with dichloromethane (3 x 5 mL). The organic 

fraction was dried over MgSO4 and concentrated under reduced pressure at room temperature. 

The crude alcohol was then purified by flash chromatography on silicagel, with hexane/ethyl 

acetate mixtures as eluent to give the pure product. 

All the spectroscopic data of the products matched those reported in the literature.1-2 

3. General procedure of -aminoxylation of ketones 
 

Catalyst 3 (5 mol%, 0.0125mmol) and the corresponding ketone (1 eq., 0.25 mmol) were 

dissolved in 0.25 mL acetonitrile in a 1 mL vial. The nitrosobenzene (3 eq., 0.75mmol, 83 mg) 

was dissolved in 0.25 mL of acetonitrile and was added by a syringe pump during 30 minutes. 

The mixture was stirred during the corresponding time (0.5h for 6a, 1h for 6b, 3h for 6c and 1h 

for 6d). When the reaction is completed, the solvent is evaporated and the crude of the reaction 

was dissolved in CH2Cl2 (1.0 mL/0.3 mmols) and was treated with 3,5-dinitrobenzoyl chloride 

(2.0 eq., benzoyl chloride was used in the case of 2l) and DMAP (2.0 eq.). After reaction 

completion, the solution mixture was treated with saturated aqueous NH4Cl solution (10 mL) 

and extracted with dichloromethane (3 x 5 mL). The organic fraction was dried over MgSO4 

and concentrated under reduced pressure at room temperature. The crude ester was then 

purified by flash chromatography on silica gel with hexane/ethyl acetate mixtures as eluent to 

give the pure product, which was analyzed by NMR and HPLC. 

All the spectroscopic data of the products matched those reported in the literature.3-4 
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4. Competition experiments between 3 and L-proline in the -aminoxylation of propanal 

 

a) Experiments performed with catalyst mixtures. Five experiments were carried out in 

parallel, with the catalyst compositions shown in Table 1. All the reactions were carried out 

with 1 eq. PhNO, 3eq. propanal and the corresponding catalyst mixture (10 mol% with respect 

to PhNO) at room temperature in MeCN as solvent. The enantiomeric composition of the 

reaction product was measured by HPLC with a Chiralpak AD-H column after reduction with 

NaBH4. 

 
Table 1. 

Vial L-Proline 

[mol%] 

3 

[mol%] 

Time for 

total conv. 

S prod 

[%] 

R prod 

[%] 

1 10% 0 61 min 2 98 

2 7.50% 2.50% 21 min 57 43 

3 5% 5% 14 min 75 25 

4 2.50% 7.50% 9 min 86 14 

5 0 10% 4 min 99 1 

 
In a qualitative (albeit rather precise) manner, complete consumption of nitrosobenzene in 

-aminoxylation reactions can be visually appreciated through a colour change from green to 

yellow. A picture taken at a reaction time of 3 min. shows that the reaction catalysed by 3 is 

essentially complete at this reaction time, while no colour change can be appreciated in the 

reaction catalysed by L-proline. 
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b) Experiments performed in CH3CN-d3 for NMR monitoring. Two parallel processes (one 

with L-proline and one with 3) were run in NMR tubes with the following amounts of reagents 

and solvent: 0,16 mmol PhNO, 0,48 mmol propanal and 0,016 mmol catalyst in 0,48mL 

acetonitrile-d3 at room temperature. In both cases, the progress of the -aminoxylation reaction 

was periodically checked by 300MHz 1H NMR. Results of this monitoring have been 

summarized in Table 2, and fully confirm the results obtained with catalyst mixtures (see 

above).  

 

Table 2. 

 

Time 
[min] 

3 L-Proline 

0 0 0 

5 100% 0 

17 - 9% 

27 - 34% 

37 - 75% 

60 - 100% 
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4. Physical and spectroscopic data of the products 

  
(S)-2-(phenylaminooxy)propan-1-ol (2a)1  
1H NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 2H, ArH), 7.23-6.96 (m, 4H, NH and ArH), 4.12 

(dp, 1H, J = 3.2, 6.4 Hz, CHON), 3.82-3.71 (m, 2H, CH2O), 2.43 (s, br, 1H, OH), 1.26 (d, 3H, J 

= 6.4 Hz, CH3); HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow rate 1.0 mL/min, λ 

= 254 nm): tmajor = 21.9 min, tminor = 25.7 min, ee 98%; [α]25D + 5.2 (c 1.02, CHCl3) 

  
(S)-2-(phenylaminooxy)butan-1-ol (2b)2 
1H NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 2H, ArH), 7.07 (s, 1H, NH), 7.05-6.75 (m, 3H, 

ArH), 3.95-3.70 (m, 3H, CHON and CH2O), 2.64 (s, br, 1H, OH), 1.76-1.50 (m, 2H), 1.01 (t, 

3H, J = 7.6 Hz, CH3); 
13C NMR (100 MHz, CDCl3): δ 148.6, 129.1, 122.6, 114.9, 85.4, 65.0, 

23.0, 10.3; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow rate 1.0 mL/min, λ = 254 

nm): tmajor = 21.3 min, tminor = 25.3 min, ee 98%; [α]25D - 22.2 (c 1.21, CHCl3); 

(R)-configuration from literature(Hayashi, Yamaguchi et al. 2004): [α]16D + 24.6 (c 0.74, 

CHCl3), ee99%. 

  
(S)-2-(phenylaminooxy)pentan-1-ol (2c)2 
1H NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 2H, ArH), 7.06 (s, 1H, NH), 7.01-6.85 (m, 3H, 

ArH), 4.05-3.90 (m, 1H, CHON), 3.89-3.71 (m, 2H, CH2O), 2.50 (s, br, 1H, OH), 1.72-1.37 (m, 

4H, CH2CH2), 0.96 (t, 3H, J = 5.7 Hz, CH3); 
13C NMR (100 MHz, CDCl3): δ 148.5, 129.2, 

122.6, 115.0, 83.9, 65.6, 32.2, 19.2, 14.4; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , 

flow rate 1.0 mL/min, λ = 215 nm): tmajor = 19.2 min, tminor = 22.7 min, ee 99%; [α]25D – 16.9 (c 

0.93, CHCl3); (R)-configuration from literature(Hayashi, Yamaguchi et al. 2004): [α]16D + 24.2 

(c 0.34, CHCl3), ee98%. 

  
(S)-2-(phenylaminooxy)heptan-1-ol (2d)1 
1H NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 2H, ArH), 7.20-6.85 (m, 4H, ArH and NH), 

3.99-3.90 (m, 1H, CHON), 3.89-3.71 (m, 2H, CH2O), 1.75-1.21 (m, 8H), 0.90 (t, 3H, J = 7.2 Hz, 

CH3); 
13C NMR (100 MHz, CDCl3): δ 148.5, 129.2, 122.9, 122.6, 115.0, 84.1, 65.5, 32.1, 30.0, 

25.5, 22.7, 14.1; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow rate 1.0 mL/min, λ 

= 240 nm): tmajor = 17.6 min, tminor = 22.5 min, ee 96%; [α]25D – 15.7 (c 1.06, CHCl3) 
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(S)-3-methyl-2-(phenylaminooxy)butan-1-ol (2e)1 
1H NMR (400 MHz, CDCl3): δ 7.33-7.21 (m, 2H, ArH), 7.20-6.85 (m, 4H, ArH and NH), 

3.90-3.80 (m, 2H, CH2O), 3.79-3.69 (m, 1H, CHON), 2.10-1.94 (m, 1H), 1.05 (d, 3H, J = 6.8 

Hz, CH3), 1.01 (d, 3H, J = 6.8 Hz, CH3); 
13C NMR (100 MHz, CDCl3): δ 148.4, 129.2, 122.8, 

115.3, 88.8, 64.0, 28.9, 18.9, 18.8; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow 

rate 1.0 mL/min, λ = 240 nm): tmajor = 17.8 min, tminor = 21.0 min, ee 97%; [α]25D – 19.7 (c 0.60, 

CHCl3) 

 
(S)-2-(phenylaminooxy)pent-4-en-1-ol (2f)1 
1H NMR (400 MHz, CDCl3): δ 7.33-7.25 (m, 2H, ArH), 7.05 (s, 1H, NH), 7.02-6.85 (m, 3H, 

ArH), 6.00-5.70 (m, 1H), 5.74-4.86 (m, 2H), 4.11-3.95 (m, 1H, CHON), 3.90-3.74 (m, 2H, 

CH2O), 2.59-2.29 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 148.4, 134.1, 129.2, 122.7, 117.9, 

114.9, 83.5, 64.8, 34.8; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow rate 1.0 

mL/min, λ = 230 nm): tmajor = 20.4 min, tminor = 25.3 min, ee 96%; [α]25D – 3.5 (c 1.51, CHCl3) 

  

(S)-2-(phenylaminooxy)undec-10-en-1-ol (2g)1 
1H NMR (400 MHz, CDCl3): δ 7.33-7.25 (m, 2H, ArH), 7.24-6.85 (m, 4H, ArH and NH), 

5.87-5.75 (m, 1H), 5.03-4.89 (m, 2H), 3.98-3.92 (m, 1H, CHON), 3.87-3.72 (m, 2H, CH2O), 

2.07-2.00 (m, 2H), 1.73-1.25 (m, 13H); 13C NMR (100 MHz, CDCl3): δ 148.5, 139.3, 129.2, 

122.6, 115.0, 114.3, 84.1, 65.6, 33.9, 30.1, 29.8, 29.5, 29.2, 29.0, 25.9; HPLC (Chiralpak AD-H, 

Hexane/ i-Propanol = 95:5 , flow rate 1.0 mL/min, λ = 240 nm): tmajor = 15.2 min, tminor = 18.6 

min, ee 98%; [α]25D – 8.9 (c 1.24, CHCl3) 

 
(S)-3-phenyl-2-(phenylaminooxy)propan-1-ol (2h)1 
1H NMR (400 MHz, CDCl3): δ 7.33-7.18 (m, 7H, ArH), 7.06 (s, 1H, NH), 6.97-6.81 (m, 3H, 

ArH), 4.16-4.12 (m, 1H, CHON), 3.85 (dd, 1H, J = 12.0, 2.8 Hz, CH2O), 3.72 (dd, 1H, J = 12.0, 

5.9 Hz, CH2O), 3.05 (dd, 1H, J = 13.8, 6.8 Hz, CH2Ar), 2.85 (dd, 1H, J = 13.7, 7.0 Hz, CH2Ar);; 
13C NMR (100 MHz, CDCl3): δ 148.4, 138.0, 129.6, 129.1, 128.6, 126.6, 122.5, 114.8, 85.2, 

64.3, 36.6; HPLC (Chiralpak AD-H, Hexane/ i-Propanol = 95:5 , flow rate 1.0 mL/min, λ = 240 

nm): tmajor = 36.2 min, tminor = 48.4 min, ee 98%; [α]25D – 35.3 (c 0.58, CHCl3) 
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(S)-2-oxocyclohexyl 3,5-dinitrobenzoate (2i-derivative)3 
1H NMR (400 MHz, CDCl3): δ�9.25 (1H, m), 9.20 (2H, br s) (Ar-H); 5.49 (dd, 1H, J = 12.5, 7.1 

Hz), 2.64 (pd, 1H), 2.49 (m, 2H), 2.22 (m, 1H), 2.13 (1H, m), 2.07 (dt, 1H, J = 12.7, 3.8 Hz), 

1.68 (m, 2H). (Chiracel AD-H, Hexane/ i-Propanol = 85:15, flow rate 1.0 mL/min, λ = 254 nm): 

tminor = 21.5 min, tmajor = 32.1 min, ee 85%. 

 

 

(S)-5,5-dimethyl-2-oxocyclohexyl 3,5-dinitrobenzoate (2j-derivative) 
1H NMR (400 MHz, CDCl3): δ�9.25 (1H, m), 9.18 (2H, br s) (Ar-H); 5.61 (dd, 1H, J = 12.3, 6.9 

Hz), 2.73-2.62 (br td, 1H), 2.52-2.45 (m, 1H), 2.22-2.15 (m, 1H), 1.88-1.70 (3H, m), 1.36 (br s, 

3H), 1.17 (br s, 3H). (Chiracel IC, Hexane/ i-Propanol = 80:20, flow rate 1.0 mL/min, λ = 254 

nm): tmajor = 47.5 min, tminor = 55.4 min, ee 90%. 

 

 
(S)-8-oxo-1,4-dioxaspiro[4.5]decan-7-yl 3,5-dinitrobenzoate (2k-derivative)3 
1H NMR (400 MHz, CDCl3): δ�9.25 (t, 1H, J = 2.0 Hz), 9.18 (br s, 2H), (Ar-H); 5.74 (dd, 1H, J 

= 12.8, 6.6 Hz), 4.16-4.06 (m, 4H), 2.84 (dt, 1H, J = 14.0, 6.5 Hz), 2.57-2.49 (m, 2H), 2.37 (t, 

1H, J = 13.0 Hz), 2.17-2.06 (m, 2H). (Chiracel AD-H, Hexane/ i-Propanol = 80:20, flow rate 

1.0 mL/min, λ = 254 nm): tmajor = 23.7 min, tminor = 31.5 min, ee 91%. 

 

 
(S)-4-oxotetrahydro-2H-pyran-3-yl benzoate (2l-derivative)4 
1H NMR (400 MHz, CDCl3): δ�8.06-8.08 (m, 2H), 7.57-7.54 (m, 1H), 7.39-7.32 (m, 2H) (Ar-H); 

5.53 (ddd, J = 10.6, 7.0, 1.2 Hz, 1H), 4.46 (ddd, J = 10.8, 7.0, 1.6 Hz, 1H), 4.32 (ddt, J = 11.4, 

7.1, 1.7 Hz, 1H), 3.79 – 3.68 (m, 2H), 2.88 - 2.81 (m, 1H), 2.61 (ddd, J = 14.2, 2.7, 1.8 Hz, 1H). 

(Chiracel OD-H, Hexane/ i-Propanol = 90:10, flow rate 1.0 mL/min, λ = 254 nm): 10.4 min, 

14.7 min, ee 81%. 
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5. Compilation of HPLC chromatograms. 
 

 (S)-2-(phenylaminooxy)propan-1-ol 

 

 

 

 (S)-2-(phenylaminooxy)butan-1-ol 
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 (S)-2-(phenylaminooxy)pentan-1-ol 
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 (S)-2-(phenylaminooxy)heptan-1-ol 

 

 

 

 

 (S)-3-methyl-2-(phenylaminooxy)butan-1-ol 
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 (S)-2-(phenylaminooxy)pent-4-en-1-ol 
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 (S)-2-(phenylaminooxy)undec-10-en-1-ol 
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 (S)-3-phenyl-2-(phenylaminooxy)propan-1-ol 

 

 

 

 

(S)-2-oxocyclohexyl 3,5-dinitrobenzoate 
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(S)-5,5-dimethyl-2-oxocyclohexyl 3,5-dinitrobenzoate 
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(S)-8-oxo-1,4-dioxaspiro[4.5]decan-7-yl 3,5-dinitrobenzoate 
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(S)-4-oxotetrahydro-2H-pyran-3-yl benzoate 
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