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1H NMR [400 MHz/CDCl3/TMS]:  1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (2g) 
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13C NMR [100 MHz/CDCl3]:  1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (2g) 
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31P NMR [162 MHz/CDCl3]:  1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (2g) 
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HRMS: 1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (2g) 
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1H NMR [400 MHz/CDCl3/TMS]:  1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h) 
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13C NMR [100 MHz/CDCl3]:  1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h) 
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31P NMR [162 MHz/CDCl3]:  1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h) 
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HRMS: 1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h) 
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1H NMR [400 MHz/CDCl3/TMS]: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphosphonium tetrafluoroborate (2i) 
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13C NMR [100 MHz/CDCl3]: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphosphonium tetrafloroborate (2i) 
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31P NMR [162 MHz/CDCl3]:  1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphsphonium tetrafloroborate (2i) 
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HRMS: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphsphonium tetrafloroborate (2i)  
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyl]carbamate (3a)
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyl]carbamate (3a)
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyl]carbamate (3a) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3b) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3b) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3b)
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3c) 
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13C NMR [100 MHz/CDCl3]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3c) 
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31P NMR [162 MHz/CDCl3]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3c) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3d) 
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13C NMR [100 MHz/CDCl3]  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3d) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3d) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e) 
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13C NMR [100 MHz/CDCl3]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e) 
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31P NMR [162 MHz/CDCl3]:  (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyl]carbamate (3f) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyl]carbamate (3f) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyl]carbamate (3f) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (3g) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (3g) 

 

N
H

Cbz
P

OMe

OMe

O

3g



S34 
 

31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (3g) 
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HRMS: (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (3g) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]carbamate (3h) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]carbamate (3h) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]carbamate (3h) 
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 1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyl]carbamate (3i) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyl]carbamate (3i) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyl]carbamate (3i) 
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3j) 
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13C NMR [100 MHz/CDCl3]:  (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3j) 
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31P NMR [162 MHz/CDCl3]:  (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3j)  
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HRMS: (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3j)  
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1H NMR [400 MHz/CDCl3/TMS]:  (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3k) 
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13C NMR [100 MHz/CDCl3]:  (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3k) 
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31P NMR [162 MHz/CDCl3]:  (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3k) 
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HRMS: (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3k).  
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Signal Retention time % Area 

1 18.0 49.6 

2 21.8 50.4 
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HPLC conditions: 

Column: Chiralpak AD-H 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75mL/min 

Detection: UV, 210 nm 



S51 
 

 

 

HPLC results for the catalyst 4 

Signal Retention time % Area 

1 17.0 91.9 

2 20.8 8.1 
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Signal Retention time % Area 

1 16.3 49.3 

2 19.0 50.7 

 

 

 

 

HPLC conditions: 

Column: Chiralpak IA 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75mL/min 

Detection: UV, 210 nm 

N
H

Cbz
P

OMe

OMe

O

rac 3a



S53 
 

HPLC results for the catalyst 5 

Signal Retention time % Area 

1 15.5 91.3 

2 18.8 8.7 
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Signal Retention time % Area 

1 19.7 49.2 

2 27.8 50.8 

HPLC conditions: 

Column: Chiralpak AD-H 

Eluent: 15% i-PrOH/hexane 

Flow: 0.8mL/min 

Detection: UV, 210 nm 
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HPLC results for the catalyst 4 

Signal Retention time % Area 

1 20.6 86.3 

2 28.7 13.7 
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Signal Retention time % Area 

1 19.5 51.0 

2 26.9 49.0 

 

 

N
H

Boc
P

OMe

OMe

O

rac 3c

Ph

HPLC conditions:  

Column: Chiralpak AD-H 

Eluent: 15% i-PrOH/hexane 
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Detection: UV, 210 nm 
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HPLC results for the catalyst 4 

Signal Retention time % Area 

1 19.1 14.0 

2 26.4 86.0 
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HPLC results for the catalyst 5 

Signal Retention time % Area 

1 19.6 19.5 

2 27.0 80.5 
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Signal Retention time % Area 

1 14.1 50.5 

2 22.9 49.5 

 

 

 

 

HPLC conditions:  

Column: Chiralpak AD-H 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 

Detection: UV, 210 nm 
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HPLC results for the catalyst 4 

Signal Retention time % Area 

1 14.5 77.9 

2 23.0 22.1 

HPLC conditions:  

Column: Chiralpak AD-H 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 

Detection: UV, 210 nm 
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HPLC conditions:  

Column: Chiralpak IA 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 
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HPLC results for the catalyst 4 
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Signal Retention time % Area 
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Eluent: 15% i-PrOH/hexane 

Flow: 0.75mL/min 

Detection: UV, 254 nm 

N
H

Cbz
P

OMe

OMe

O

rac 3f



S64 
 

HPLC results for the catalyst 4 

Signal Retention time % Area 
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HPLC results for the catalyst 5 

Signal Retention time % Area 
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Signal Retention time % Area 
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HPLC results for the catalyst 4 

Signal Retention time % Area 

1 18.1 89.8 
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Signal Retention time % Area 
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HPLC results for the catalyst 4 

Signal Retention time % Area 
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HPLC results for the catalyst 5 
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Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 
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HPLC results for the catalyst 4 

Signal Retention time % Area 

1 18.8 76.3 
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HPLC results for the catalyst 5 
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HPLC conditions:  

Column: Chiralpak OD-H 

Eluent: 3% i-PrOH/hexane 

Flow: 0.5 mL/min 
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HPLC results for the catalyst 5 
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SDE test via flash chromatography 

 

Table S1. 

 

Achiral flash chromatography on SiO2; Eluent: hexane/EtOAc/acetone (5:3:2) 

Product Starting First fraction Middle fraction Last fraction 

3a 83% ee 83% ee 83% ee 83% ee 

3d 56% ee 56% ee 56% ee 56% ee 

3i 65% ee 65% ee 65% ee 65% ee 

 

We conducted an appropriate SDE test for products 3a, 3d and 3i via achiral flash 

chromatography. In the column chromatography process, we selected different fractions 

and measured the corresponding ee values. As shown in Table S1, the column 

chromatography doesn’t change the ee value of the products. HPLC results have been 

illustrated below.  
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HPLC conditions for compound 3a:  

Column: Chiralpak AD-H 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 

Detection: UV, 210 nm 

 

 

 

 

 

First fraction 83% ee

% ee 

 Middle fraction 65% ee 

Middle fraction 83% ee 

Last fraction 83% ee 
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HPLC conditions for compound 3d:  

Column: Chiralpak AD-H 

Eluent: 10% i-PrOH/hexane 

Flow: 0.75 mL/min 

Detection: UV, 210 nm 

 

 

 

 

First fraction 56% ee

% ee 

 Middle fraction 65% ee 

Middle fraction 56% ee 

Last fraction 56% ee 
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HPLC conditions for compound 3i:  

Column: Chiralpak ADH 

Eluent: 15% i-PrOH/hexane 

Flow: 0.75 mL/min 

Detection: UV, 205 nm 

 

 

 

 

 

 

 

 

 

 

First fraction 65% ee 

Middle fraction 65% ee 

Last fraction 65% ee 

First fraction 65% ee 


