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1. General 

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk 

techniques, unless otherwise noted. Commercially available reagents were used without further 

purification. Solvents were treated prior to use according to the standard methods. 1H NMR, 13C 

NMR 31P NMR and 19F NMR spectra were recorded at room temperature in CDCl3 on 400 MHz 

instrument with tetramethylsilane (TMS) as internal standard. Optical rotations were measured 

with JASCO P-1010 polarimeter. Flash column chromatography was performed on silica gel 

(200-300 mesh). All reactions were monitored by TLC analysis.  

2. General Procedure for Synthesis of Iminophosphonates 1 and 3 

Linear α-iminophosphonates 1 were synthesized according to Palacios’s procedure.2 Among 

them, 1a-f, 1h and 1i are the known compounds. 

 

Following a known literature report,1 the aldehyde (5.2 mmol), p-toluenesulfonamides (5.0 

mmol) and ethyl silicate (5.4 mmol) were combined in a flask. The mixture was heated at 160 oC 

under nitrogen for 5 h. On cooling, the reaction mixture was dissolved in warm ethyl acetate (30 

mL) and treated with petroleum ether (50 mL), and stirred at room temperature for 1 h. During 

this time crestals formed, which were colleceted by filtration, washed with petroleum ether and 

dried to afford N-sulfonyl aldimine. 

To a suspension of the corresponding N-sulfonyl aldimine (25 mmol) and the corresponding 

dialkylphosphite (30 mmol) in toluene (50 mL) was added triethylamine (2.5 mmol). The solution 

was stirred and refluxed in toluene for 24 h until disappearance of N-sulfonyl aldimine. The 

solution was allowed to cool to room temperature, and upon cooling to -20 ºC, crystals were 

obtained. The resulting solid was collected by filtration, washed with cold toluene (30 mL) and 

hexanes (30 mL) and dried under low pressure to afford pure N-tosyl α-aminophosphonates.2 

To a solution of N-tosyl α-aminophosphonate (5.0 mmol) in dichloromethane (15 mL) was 

added trichloroisocyanuric acid (15 mmol). The resulting suspension was stirred until disappear- 

ance of the N-tosyl α-aminophosphonate, which was monitored by 31P NMR. Then the solid 

residue was eliminated by filtration to afford a clear solution of intermediate N-chloro α-amino- 

phosphonate and poly(4-vinylpyridine) (5.0 mmol), previously dried at 100 ºC overnight, was 

added. The resulting suspension was stirred under reflux overnight and the reaction was then 

filtered and concentrated under reduced pressure. The resulting yellow oily crude was purified by 

crystallization from diethyl ether.2 

(E)-Diisopropyl(4-bromophenyl)(tosylimino)methylphosphonate (1g): The reaction was run 

by using diisopropyl((4-bromophenyl)(4-methylphenylsulfonamido)methyl)phosphonate (2.02 g, 

4.0 mmol), affording 1.16 g (58% yield) of 1g as a white solid, m.p. = 

99-100 oC. 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.3 Hz, 2H), 

7.68-7.56 (m, 4H), 7.30 (d, J = 8.3 Hz, 2H), 4.76-4.56 (m, 2H), 2.44 (s, 3H), 

1.27 (d, J = 6.1 Hz, 6H), 1.10 (d, J = 6.2 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 177.7 (d, JPC = 199.6 Hz), 144.7, 137.0, 133.1 (d, JPC = 25.4 Hz), 131.5, 130.1 (d, JPC = 

4.1 Hz), 129.7, 127.9, 126.6, 74.2 (d, JPC = 7.2 Hz), 24.2 (d, JPC = 3.6 Hz), 23.5 (d, JPC = 5.7 Hz), 
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21.8; 31P NMR (162 MHz, CDCl3) δ 1.7. HRMS Calculated for C20H26BrNO5PS [M+H]+ 

502.0447, found 502.0450. 

Cyclic six-membered ring α-iminophosphonates 3a-f were synthesized from salicylaldehyde 

by the combination of slightly modified literature procedures.2,3,4 

 

Following a known literature report,3 to a solution of salicylaldehyde (15 mmol) in dimethyl- 

acetamide (100 mL) at 0 oC was carefully added freshly prepared chlorosulfonamide (40 mmol) in 

small portions and the resulting solution was stirred for 12 h. The reaction was quenched carefully 

with ice-cold water (100 mL) and the mixture was transferred to a separating funnel containing 

dichloromethane (200 mL). The aqueous layer was separated and extracted with dichloromethane 

(3×50 mL), and the combined organic layers were washed with saturated sodium bicarbonate 

solution (100 mL), dried over sodium sulfate, filtered through a short pad of silica using dichloro- 

methane as eluent and concentrated in vacuo. The residue was heated to 180 °C under vacuum to 

remove volatile impurities to get benzoxathiazine-2,2-dioxide (6a-f). 

To a suspension of the corresponding benzoxathiazine-2,2-dioxide (25 mmol) and the 

corresponding dialkylphosphite (30 mmol) in toluene (50 mL) was added triethylamine (2.5 

mmol). The solution was stirred and refluxed in toluene for 24 h until disappearance of benzo- 

xathiazine-2,2-dioxide. The solution was allowed to cool to room temperature and purification was 

performed by a silica gel column eluted with dichloromethane to give pure product.2 

To a solution of the above product (1.0 mmol) in dichloromethane was added freshly 

prepared manganese dioxide (10 mmol) (the manganese dioxide must be freshly prepared, or the 

reaction yield will be low). The solution was stirred and refluxed at 50 oC for 4-8 h. The solution 

was allowed to cool to room temperature and purification was performed by a silica gel column 

eluted with dichloromethane to give pure product 3a-f.4 

1,2,3-Benzoxathiazine-2,2-dioxide-4-diisopropylphosphonate (3a): The reaction was conducted 

by using 3,4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-4-diisopropylphosphonate (3.07 g, 8.8 

mmol), affording 1.82 g (60% yield) of 3a as a white solid, m.p. = 69-70 oC, Rf 

= 0.60 (dichloromethane/methanol 80/1). 1H NMR (400 MHz, CDCl3) δ 

8.54-8.49 (m, 1H), 7.80-7.69 (m, 1H), 7.48-7.38 (m, 1H), 7.30 (d, J = 8.4 Hz, 

1H), 5.00-4.85 (m, 2H), 1.43 (d, J = 6.2 Hz, 6H), 1.40 (d, J = 6.2 Hz, 6H); 13C 

NMR (100 MHz, CDCl3) δ 173.6 (d, JPC = 199.8 Hz), 154.4 (d, JPC = 8.8 Hz), 137.8, 131.5, 126.4, 

119.2 (d, JPC = 3.2 Hz), 115.9 (d, JPC = 24.2 Hz), 75.2 (d, JPC = 7.1 Hz), 24.2 (d, JPC = 3.9 Hz), 

23.9 (d, JPC = 5.4 Hz); 31P NMR (162 MHz, CDCl3) δ -0.8. HRMS Calculated for C13H19NO6PS 

[M+H]+ 348.0665, found 348.0667. 

1,2,3-Benzoxathiazine-2,2-dioxide-4-diethylpylphosphonate (3b): The reaction was conducted 

by using 3,4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-4-diethylphosphonate (0.964 g, 3.0 
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mmol), affording 0.488 g (51% yield) of 3b as colorless oil, Rf = 0.40 (dichloromethane/methanol 

80/1). 1H NMR (400 MHz, CDCl3) δ 8.52-8.47 (m, 1H), 7.79-7.72 (m, 1H), 

7.47-7.40 (m, 1H), 7.31 (d, J = 8.4 Hz, 1H), 4.46-4.26 (m, 4H), 1.42 (t, J = 7.1 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 173.0 (d, JPC = 199.4 Hz), 154.4 (d, JPC 

= 8.9 Hz), 138.0, 131.4, 126.5, 119.2 (d, JPC = 3.2 Hz), 115.9 (d, JPC = 24.3 Hz), 

65.7 (d, JPC = 7.1 Hz), 16.5 (d, JPC = 6.0 Hz); 31P NMR (162 MHz, CDCl3) δ 0.9. HRMS 

Calculated for C11H15NO6PS [M+H]+ 320.0352, found 320.0355. 

1,2,3-Benzoxathiazine-2,2-dioxide-7-methyl-4-diisopropylphosphonate (3c): The reaction was 

conducted by using the 4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-7-methyl-4-diisopropylphos- 

phonate (0.363 g, 1.0 mmol), affording 0.272 g (75% yield) of 3c as a white 

solid, m.p. = 125-126 oC, Rf = 0.70 (dichloromethane/methanol 80/1). 1H 

NMR (400 MHz, CDCl3) δ 8.39 (d, J = 8.2 Hz, 1H), 7.25-7.19 (m, 1H), 7.11 

(s, 1H), 4.98-4.84 (m, 2H), 2.50 (s, 3H), 1.42 (d, J = 6.2 Hz, 6H), 1.40 (d, J 

= 6.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 173.3 (d, JPC = 199.7 Hz), 154.6 (d, JPC = 9.0 Hz), 

150.6, 131.2, 127.4, 119.3 (d, JPC = 3.2 Hz), 113.7 (d, JPC = 24.5 Hz), 75.0 (d, JPC = 7.1 Hz), 24.2 

(d, JPC = 3.9 Hz), 23.9 (d, JPC = 5.4 Hz), 22.5; 31P NMR (162 MHz, CDCl3) δ -0.5. HRMS 

Calculated for C14H21NO6PS [M+H]+ 362.0822, found 362.0823. 

1,2,3-Benzoxathiazine-2,2-dioxide-8-methoxy-4-diisopropylphosphonate (3d): The reaction 

was conducted by using 3,4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-8-methoxy-4-diisoprop- 

ylphosphonate (0.493 g, 1.3 mmol), affording 0.326 g (66% yield) of 3d as a 

white solid, m.p. = 103-104 oC, Rf = 0.40 (dichloromethane/methanol 80/1). 1H 

NMR (400 MHz, CDCl3) δ 8.10-8.02 (m, 1H), 7.38-7.27 (m, 2H), 4.98-4.84 (m, 

2H), 3.96 (s, 3H), 1.42 (d, J = 6.2 Hz, 6H), 1.40 (d, J = 6.2 Hz, 6H); 13C NMR 

(100 MHz, CDCl3) δ 174.0 (d, JPC = 200.5 Hz), 148.8 (d, JPC = 4.3 Hz), 143.9 (d, JPC = 9.3 Hz), 

126.0, 122.1, 120.0, 116.6 (d, JPC = 24.7 Hz), 75.1 (d, JPC = 7.1 Hz), 56.8, 24.2 (d, JPC = 3.9 Hz), 

23.9 (d, JPC = 5.4 Hz); 31P NMR (162 MHz, CDCl3) δ -0.7. HRMS Calculated for C14H21NO7PS 

[M+H]+ 378.0771, found 378.0774. 

1,2,3-Benzoxathiazine-2,2-dioxide-7-methoxy-4-diisopropylphosphonate (3e): The reaction 

was conducted by using 3,4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-7-methoxy-4-diisoprop- 

ylphosphonate (0.152 g, 0.4 mmol), affording 0.064 g (42% yield) of 3e as 

a white solid, m.p. = 112-113 oC, Rf = 0.90 (dichloromethane). 1H NMR 

(400 MHz, CDCl3) δ 8.46 (d, J = 9.1 Hz, 1H), 6.92-6.85 (m, 1H), 

6.75-6.71 (m, 1H), 4.97-4.81 (m, 2H), 3.93 (s, 3H), 1.41 (d, J = 6.2 Hz, 

6H), 1.38 (d, J = 6.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 172.4 (d, JPC = 199.3 Hz), 167.3, 

157.2 (d, JPC = 9.6 Hz), 133.4, 113.6, 109.8 (d, JPC = 24.9 Hz), 103.5 (d, JPC = 3.3 Hz), 74.9 (d, JPC 

= 7.1 Hz), 56.6, 24.2 (d, JPC = 3.9 Hz), 23.9 (d, JPC = 5.3 Hz); 31P NMR (162 MHz, CDCl3) δ -0.2. 

HRMS Calculated for C14H21NO7PS [M+H]+ 378.0771, found 378.0774. 

1,2,3-Benzoxathiazine-2,2-dioxide-6-methoxy-4-diisopropylphosphonate (3f): The reaction 

was conducted by using 3,4-dihydro-1,2,3-benzoxathiazine-2,2-dioxide-6-methoxy-4-diisoprop- 

ylphosphonate (0.683 g, 1.8 mmol), affording 0.377 g (55% yield) of 3f as 

yellow oil, Rf = 0.40 (dichloromethane/methanol 80/1). 1H NMR (400 

MHz, CDCl3) δ 8.04-7.99 (m, 1H), 7.32-7.20 (m, 2H), 4.99-4.85 (m, 2H), 

3.87 (s, 3H), 1.44 (d, J = 6.2 Hz, 6H), 1.41 (d, J = 6.2 Hz, 6H); 13C NMR 
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(100 MHz, CDCl3) δ 173.3 (d, JPC = 200.0 Hz), 157.1, 148.3 (d, JPC = 8.6 Hz), 125.3, 120.1 (d, JPC 

= 3.2 Hz), 116.2 (d, JPC = 24.0 Hz), 113.4, 75.2 (d, JPC = 7.1 Hz), 56.2, 24.2 (d, JPC = 3.9 Hz), 23.9 

(d, JPC = 5.4 Hz); 31P NMR (162 MHz, CDCl3) δ -0.5. HRMS Calculated for C14H21NO7PS 

[M+H]+ 378.0771, found 378.0770. 

Cyclic five-membered ring α-iminophosphonates 3g-i were synthesized from N-tert-butyl- 

benzenesulfonamide by the combination of slightly modified literature procedure.2,4,5,6 

 
To a solution of N-tert-butylbenzenesulfonamide (20 mmol) in tetrahydrofuran (50 mL) held 

at -78 oC under nitrogen atmosphere was added dropwise a 1.6 M solution of n-butyllithium in 

tetrahydrofuran (44 mmol). After stirred at -20 oC for 0.5 h, the yellow mixture was placed at -78 
oC and dimethyl formamide (30 mmol) was added. The solution was allowed to stir for 4 h then 

warm slowly to room temperature. Saturated aqueous ammonium chloride (50 mL) was added, the 

mixture was transferred to a separatory funnel with ethyl acetate, and the organic phase was 

separated. The aqueous phase was extracted with ethyl acetate (3×30 mL) and the organic extracts 

were combined, washed with brine (50 mL), dried over sodium sulfate. The resulting mixture was 

concentrated in vacuo and further purification was performed by a short silica gel column.5 

Subsequently, to a solution of the above crude product in toluene, p-toluenesulfonic acid (20 mg) 

was added. The mixture was stirred at 110 oC for 5 h. The yellow oil was purified by a silica gel 

column eluted with petroleum ether/ethyl acetate = 2/1 to give pure product benzo[d]isothiazole 

1,1-dioxide (6g-i).6 

To a suspension of the corresponding benzo[d]isothiazole 1,1-dioxide (5.6 mmol) and the 

corresponding dialkylphosphite (6.7 mmol) in toluene (15 mL) was added triethylamine (0.56 

mmol). The solution was stirred and refluxed in toluene for 24 h until disappearance of 

benzo[d]isothiazole 1,1-dioxide. The solution was allowed to cool to room temperature and 

purification was performed by a silica gel column eluted with petroleum ether/ethyl acetate = 1/1 

to give pure product.2 

To a solution of the above product (5.0 mmol) in dichloromethane was added freshly 

prepared manganese dioxide (50 mmol) (the manganese dioxide must be freshly prepared, 

ortherwise the reaction yield will be low). The solution was stirred and refluxed at 50 oC for 4-8 h 

The solution was allowed to cool to room temperature and purification was performed by a silica 

gel column eluted with dichloromethane to give iminophosphonates 3g-i.4 

5-Methyl-benzo[d]isothiazole 1,1-dioxide (6i): The reaction was conducted by using N-tert- 

butyl-4-methylbenzenesulfonamide (3.26 g, 14 mmol), affording 1.09 g (42% 

yield) of 6i as white solid, m.p. = 127-128 oC, Rf = 0.10 (petroleum ether/ethyl 

acetate 5/1). 1H NMR (400 MHz, CDCl3) δ 8.73 (s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 

7.56 (d, J = 7.3 Hz, 1H), 7.47 (s, 1H), 2.52 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 163.4, 145.8, 

136.3, 135.1, 131.2, 126.8, 122.8, 21.8. HRMS Calculated for C8H8NO2S [M+H]+ 182.0270, 
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found 182.0269. 

Diisopropyl(1,1-dioxidobenzo[d]isothiazol-3-yl)phosphonate (3g): The reaction was conducted 

by using diisopropyl(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate (1.67 g, 5.0 

mmol), affording 1.35 g (81% yield) of 3g as colorless oil, Rf = 0.80 

(petroleum ether/ethyl acetate 1/2). 1H NMR (400 MHz, CDCl3) δ 8.24-8.18 (m, 

1H), 7.97-7.90 (m, 1H), 7.81-7.72 (m, 2H), 5.03-4.89 (m, 2H), 1.47-1.38 (m, 

12H); 13C NMR (100 MHz, CDCl3) δ 168.3 (d, JPC = 204.1 Hz), 138.6 (d, JPC = 

3.3 Hz), 134.6, 134.2, 130.1 (d, JPC = 25.5 Hz), 127.7, 123.0, 75.0 (d, JPC = 6.9 Hz), 24.1 (d, JPC = 

4.0 Hz), 23.9 (d, JPC = 5.1 Hz); 31P NMR (162 MHz, CDCl3) δ -1.2. HRMS Calculated for 

C13H19NO5PS [M+H]+ 332.0716, found 332.0717. 

Diethyl(1,1-dioxidobenzo[d]isothiazol-3-yl)phosphonate (3h): The reaction was conducted by 

using diethyl(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate (0.183 g, 0.6 mmol), 

affording 0.090 g (51% yield) of 3h as white solid, m.p. = 76-77 oC, Rf = 0.60 

(dichloromethane/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 8.22-8.10 

(m, 1H), 7.96-7.86 (m, 1H), 7.81-7.69 (m, 2H), 4.45-4.29 (m, 4H), 1.41 (t, J = 

7.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 167.6 (d, JPC = 203.1 Hz), 138.6, 

134.6, 134.4, 130.0 (d, JPC = 25.7 Hz), 127.7, 123.1, 65.5 (d, JPC = 6.3 Hz), 16.4 (d, JPC = 5.4 Hz); 
31P NMR (162 MHz, CDCl3) δ 0.6. HRMS Calculated for C11H15NO5PS [M+H]+ 304.0403, found 

304.0407. 

Diisopropyl(5-methyl-1,1-dioxidobenzo[d]isothiazol-3-yl)phosphonate (3i): The reaction was 

conducted by using diisopropyl(5-methyl-1,1-dioxido-2,3-dihydrobenzo[d]-isothiazol-3-yl)phos- 

phonate (0.278 g, 0.8 mmol), affording 0.157 g (57% yield) of 3i as white 

solid, m.p. = 73-74 oC, Rf = 0.50 (petroleum ether/ethyl acetate 2/1). 1H 

NMR (400 MHz, CDCl3) δ 7.96 (s, 1H), 7.79-7.73 (m, 1H), 7.53 (d, J = 7.7 

Hz, 1H), 4.98-4.84 (m, 2H), 2.49 (s, 3H), 1.44-1.34 (m, 12H); 13C NMR 

(100 MHz, CDCl3) δ 168.3 (d, JPC = 203.2 Hz), 146.0, 136.0 (d, JPC = 3.2 Hz), 134.7, 130.7 (d, JPC 

= 25.6 Hz), 128.1 (d, JPC = 1.4 Hz), 122.7, 75.0 (d, JPC = 6.9 Hz), 24.1 (d, JPC = 4.0 Hz), 23.9 (d, 

JPC = 5.1 Hz), 21.9; 31P NMR (162 MHz, CDCl3) δ -1.2. HRMS Calculated for C14H21NO5PS 

[M+H]+ 346.0873, found 346.0876. 
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3. General Procedure for Asymmetric Hydrogenation 

 

Pd(OCOCF3)2 (0.7 mg, 0.002 mmol) and (R)-Difluorphos (1.6 mg, 0.0024 mmol) were 

placed in a dried Schlenk tube under nitrogen atmosphere, and degassed anhydrous acetone was 

added. The mixture was stirred at room temperature for 1 h, then, the solvent was removed under 

vacuum to give the catalyst. In a glovebox, to the mixture of iminophosphonates (0.10 mmol) and 

4Å MS (50 mg) was added the above catalyst with 1.5 mL mixed solvent (2,2,2-trifluoroethanol/ 

dichloromethane = 2/1). The hydrogenation was performed at 40 oC under hydrogen (600 psi) in a 

stainless steel autoclave for 24 h. After carefully releasing the hydrogen, the autoclave was opened 

and the reaction mixture was evaporated in vacuo. Flash chromatography on silica gel using 

dichloromethane as the eluent gave the amino phosphonate products. 

(S)-Diethyl(4-methylphenylsulfonamido)(phenyl)methylphosphonate (2a): 37 mg, 93% yield, 

96% ee, []20
D = -16.22 (c 0.74, CHCl3), known compound,2 white solid, m.p. = 130-131 oC, Rf = 

0.50 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 

7.59-7.51 (m, 1H), 7.45 (d, J = 8.3 Hz, 2H), 7.26-7.19 (m, 2H), 7.14-7.00 (m, 

3H), 6.91 (d, J = 8.0 Hz, 2H), 4.82 (dd, J = 9.9 Hz, JPH = 24.4 Hz, 1H), 4.34-4.23 

(m, 2H), 3.92-3.80 (m, 1H), 3.65-3.52 (m, 1H), 2.24 (s, 3H), 1.37 (t, J = 7.1 Hz, 

3H), 1.03 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.7, 138.2 (d, JPC = 1.8 Hz), 133.8, 

129.0, 128.5 (d, JPC = 5.9 Hz), 128.2 (d, JPC = 2.2 Hz), 127.8 (d, JPC = 2.9 Hz), 127.2, 64.3 (d, JPC = 

7.0 Hz), 63.7 (d, JPC = 7.0 Hz), 55.6 (d, JPC = 157.2 Hz), 21.4, 16.6 (d, JPC = 6.0 Hz), 16.2 (d, JPC = 

5.6 Hz); 31P NMR (162 MHz, CDCl3) δ 19.6. HPLC: Chiralcel IA-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, retention time 13.2 min and 22.6 min (maj). 

(S)-Dimethyl(4-methylphenylsulfonamido)(phenyl)methylphosphonate (2b): 36 mg, 97% 

yield, 94% ee, []20
D = -26.00 (c 0.60, CHCl3), known compound,2 white solid, m.p. = 169-170 oC, 

Rf = 0.10 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 

7.47 (d, J = 8.1 Hz, 2H), 7.29-7.18 (m, 3H), 7.17-7.03 (m, 3H), 6.95 (d, J = 8.0 

Hz, 2H), 4.85 (dd, J = 9.0 Hz, JPH = 24.4 Hz, 1H), 3.88 (d, JPH = 10.7 Hz, 3H), 

3.40 (d, JPH = 10.6 Hz, 3H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 143.0, 

138.1 (d, JPC = 1.6 Hz), 133.6, 129.1, 128.4 (d, JPC = 2.2 Hz), 128.4 (d, JPC = 6.0 Hz), 128.1 (d, JPC 

= 2.9 Hz), 127.2, 55.1 (d, JPC = 157.2 Hz), 54.8 (d, JPC = 7.2 Hz), 54.1 (d, JPC = 7.0 Hz), 21.5; 31P 

NMR (162 MHz, CDCl3) δ 21.9. HPLC: Chiralcel IA-H column, 254 nm, 30 oC, n-hexane/ 

i-propanol = 65/35, flow = 0.7 mL/min, retention time 14.4 min and 19.7 min (maj). 

(S)-Diisopropyl(4-methylphenylsulfonamido)(phenyl)methylphosphonate (2c): 42 mg, 98% 

yield, 96% ee, []20
D = -9.75 (c 0.80, CHCl3), known compound,2 white solid, m.p. = 190-191 oC, 

Rf = 0.60 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 7.43 (d, J = 8.2 Hz, 

2H), 7.19 (d, J = 7.4 Hz, 2H), 7.12-6.95 (m, 4H), 6.91 (d, J = 8.1 Hz, 2H), 4.93-4.80 (m, 1H), 4.74 

(dd, J = 9.7 Hz, JPH = 24.6 Hz, 1H), 4.42-4.28 (m, 1H), 2.24 (s, 3H), 1.44-1.34 (m, 6H), 1.21 (d, J 
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= 6.2 Hz, 3H), 0.76 (d, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.6, 138.3 (d, JPC = 1.8 

Hz), 134.1, 129.0, 128.7 (d, JPC = 5.9 Hz), 128.1 (d, JPC = 2.2 Hz), 127.7 (d, JPC 

= 2.9 Hz), 127.2, 73.0 (d, JPC = 7.3 Hz), 72.7 (d, JPC = 7.3 Hz), 56.1 (d, JPC = 

158.8 Hz), 24.5 (d, JPC = 3.3 Hz), 24.3 (d, JPC = 2.9 Hz), 24.0 (d, JPC = 5.9 Hz), 

23.0 (d, JPC = 6.2 Hz), 21.5; 31P NMR (162 MHz, CDCl3) δ 18.0. HPLC: 

Chiralcel IA-H column, 254 nm, 30 oC, n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, 

retention time 12.1 min and 21.5 min (maj). 

(S)-Dibenzyl(4-methylphenylsulfonamido)(phenyl)methylphosphonate (2d): 49 mg, 93% 

yield, 95% ee, []20
D = +20.12 (c 0.84, CHCl3), known compound,2 white solid, m.p. = 136-137 

oC, Rf = 0.70 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 

7.73-7.61 (m, 1H), 7.49 (d, J = 8.3 Hz, 2H), 7.40-7.19 (m, 10H), 7.18-7.11 (m, 

1H), 7.10-6.98 (m, 4H), 6.85 (d, J = 8.1 Hz, 2H), 5.27-5.08 (m, 2H), 4.99 (dd, J 

= 9.9 Hz, JPH = 24.6 Hz, 1H), 4.82-4.74 (m, 1H), 4.52-4.43 (m, 1H), 2.21 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 142.8, 138.2 (d, JPC = 1.7 Hz), 136.2 (d, JPC = 6.1 Hz), 135.8 (d, 

JPC = 5.9 Hz), 133.7, 129.1, 128.7, 128.6 (d, JPC = 6.0 Hz), 128.6, 128.6, 128.5, 128.4 (d, JPC = 2.3 

Hz), 128.3, 128.0 (d, JPC = 2.9 Hz), 127.9, 127.2, 69.5 (d, JPC = 7.2 Hz), 68.8 (d, JPC = 7.1 Hz), 

55.7 (d, JPC = 157.4 Hz), 21.5; 31P NMR (162 MHz, CDCl3) δ 20.5. HPLC: Chiralcel IA-H 

column, 254 nm, 30 oC, n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, retention time 25.8 min 

and 30.1 min (maj). 

(S)-Diisopropyl((4-fluorophenyl)(4-methylphenylsulfonamido)methyl)phosphonate (2e): 40 

mg, 91% yield, 97% ee, []20
D = -7.04 (c 0.81, CHCl3), known compound,2 white solid, m.p. = 

143-144 oC, Rf = 0.60 (petroleum ether/ethyl acetate 1/1)., 1H NMR (400 

MHz, CDCl3) δ 7.66-7.52 (m, 1H), 7.42 (d, J = 8.3 Hz, 2H), 7.23-7.13 (m, 

2H), 6.90 (d, J = 8.1 Hz, 2H), 6.73-6.63 (m, 2H), 4.99-4.85 (m, 1H), 4.75 (dd, 

J = 10.1 Hz, JPH = 24.9 Hz, 1H), 4.46-4.32 (m, 1H), 2.24 (s, 3H), 1.43 (d, J = 

6.2 Hz, 3H), 1.40 (d, J = 6.1 Hz, 3H), 1.23 (d, J = 6.2 Hz, 3H), 0.83 (d, J = 6.1 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 162.4 (dd, JFC = 246.7 Hz, JPC = 3.2 Hz), 142.8, 138.4 (d, JPC = 2.1 Hz), 

130.4 (dd, JFC = 8.2 Hz, JPC = 6.0 Hz), 130.1 (d, JPC = 3.2 Hz), 129.0, 127.2, 114.9 (dd, JFC = 21.5 

Hz, JPC = 2.2 Hz), 73.3 (d, JPC = 7.3 Hz), 72.6 (d, JPC = 7.5 Hz), 55.4 (d, JPC = 160.7 Hz), 24.6 (d, 

JPC = 3.2 Hz), 24.3 (d, JPC = 3.4 Hz), 24.0 (d, JPC = 5.7 Hz), 23.2 (d, JPC = 5.7 Hz), 21.5; 31P NMR 

(162 MHz, CDCl3) δ 17.5 (d, JFP = 4.9 Hz); 19F NMR (376 MHz, CDCl3) δ -114.6 (d, JPF = 4.8 Hz). 

HPLC: Chiralcel IA-H column, 230 nm, 30 oC, n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, 

retention time 16.3 min and 25.4 min (maj).  

(S)-Diisopropyl((4-chlorophenyl)(4-methylphenylsulfonamido)methyl)phosphonate (2f): 43 

mg, 93% yield, 94% ee, []20
D = -4.42 (c 0.86, CHCl3), known compound,2 white solid, m.p. = 

183-184 oC, Rf = 0.70 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 

MHz, CDCl3) δ 7.89-7.74 (m, 1H), 7.40 (d, J = 8.3 Hz, 2H), 7.18-7.08 (m, 

2H), 6.99-6.84 (m, 4H), 5.02-4.88 (m, 1H), 4.74 (dd, J = 10.2 Hz, JPH = 25.1 

Hz, 1H), 4.49-4.35 (m, 1H), 2.26 (s, 3H), 1.46 (d, J = 6.1 Hz, 3H), 1.42 (d, J 

= 6.2 Hz, 3H), 1.25 (d, J = 6.1 Hz, 3H), 0.87 (d, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

142.9, 138.3 (d, JPC = 1.8 Hz), 133.6 (d, JPC = 3.3 Hz), 132.7, 130.1 (d, JPC = 5.9 Hz), 128.9, 128.0 

(d, JPC = 2.2 Hz), 127.2, 73.4 (d, JPC = 7.3 Hz), 72.6 (d, JPC = 7.3 Hz), 55.5 (d, JPC = 160.7 Hz), 

24.6 (d, JPC = 2.9 Hz), 24.2 (d, JPC = 3.7 Hz), 24.0 (d, JPC = 5.9 Hz), 23.2 (d, JPC = 5.9 Hz), 21.5; 
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31P NMR (162 MHz, CDCl3) δ 17.2. HPLC: Chiralcel IA-H column, 230 nm, 30 oC, n-hexane/ 

i-propanol = 65/35, flow = 0.7 mL/min, retention time 20.2 min and 31.5 min (maj). 

(S)-Diisopropyl((4-bromophenyl)(4-methylphenylsulfonamido)methyl)phosphonate (2g): 45 

mg, 90% yield, 92% ee, []20
D = -1.10 (c 0.82, CHCl3), unknown compound, white solid, m.p. = 

194-195 oC, Rf = 0.70 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 

MHz, CDCl3) δ 7.40 (d, J = 8.3 Hz, 2H), 7.35-7.25 (m, 1H), 7.15-7.09 (m, 

2H), 7.08-7.01 (m, 2H), 6.93 (d, J = 8.1 Hz, 2H), 4.97-4.83 (m, 1H), 4.70 

(dd, J = 9.9 Hz, JPH = 24.8 Hz, 1H), 4.49-4.35 (m, 1H), 2.29 (s, 3H), 

1.48-1.35 (m, 6H), 1.25 (d, J = 6.1 Hz, 3H), 0.88 (d, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 143.2, 138.1 (d, JPC = 1.8 Hz), 133.2, 131.1 (d, JPC = 2.2 Hz), 130.4 (d, JPC = 6.2 Hz), 129.1, 

127.2, 121.9 (d, JPC = 3.7 Hz), 73.4 (d, JPC = 7.7 Hz), 72.7 (d, JPC = 7.7 Hz), 55.6 (d, JPC = 159.2 

Hz), 24.6 (d, JPC = 3.3 Hz), 24.3 (d, JPC = 3.7 Hz), 24.0 (d, JPC = 5.9 Hz), 23.3 (d, JPC = 5.9 Hz), 

21.6; 31P NMR (162 MHz, CDCl3) δ 17.0. HPLC: Chiralcel IA-H column, 230 nm, 30 oC, 

n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, retention time 21.4 min and 35.4 min (maj). 

HRMS Calculated for C20H28BrNO5PS [M+H]+ 504.0604, found 504.0604. 

(S)-Diisopropyl((4-methylphenylsulfonamido)(4-nitrophenyl)methyl)phosphonate (2h): 43 

mg, 92% yield, 85% ee, []20
D = -7.91 (c 0.86, CHCl3), known compound,2 white solid, m.p. = 

200-201 oC, Rf = 0.50 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 

MHz, CDCl3) δ 7.85 (d, J = 8.4 Hz, 2H), 7.58-7.49 (m, 1H), 7.47-7.32 (m, 

4H), 6.92 (d, J = 8.2 Hz, 2H), 5.00-4.80 (m, 2H), 4.58-4.44 (m, 1H), 2.22 (s, 

3H), 1.48-1.39 (m, 6H), 1.28 (d, J = 6.1 Hz, 3H), 0.94 (d, J = 6.1 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 147.3 (d, JPC = 3.3 Hz), 143.6, 141.8, 137.9 (d, JPC = 1.8 Hz), 

129.5 (d, JPC = 5.5 Hz), 129.2, 127.2, 123.1 (d, JPC = 2.2 Hz), 74.0 (d, JPC = 7.3 Hz), 73.0 (d, JPC = 

7.7 Hz), 55.7 (d, JPC = 157.4 Hz), 24.6 (d, JPC = 3.3 Hz), 24.2 (d, JPC = 3.7 Hz), 24.0 (d, JPC = 5.5 

Hz), 23.5 (d, JPC = 5.5 Hz), 21.5; 31P NMR (162 MHz, CDCl3) δ 16.0. HPLC: Chiralcel IA-H 

column, 230 nm, 30 oC, n-hexane/i-propanol = 65/35, flow = 0.7 mL/min, retention time 24.2 min 

and 44.5 min (maj). 

(S)-Diisopropyl((4-methylphenylsulfonamido)(p-tolyl)methyl)phosphonate (2i): 42 mg, 96% 

yield, 97% ee, []20
D = -11.12 (c 0.80, CHCl3), known compound,2 white solid, m.p. = 157-158 oC, 

Rf = 0.50 (petroleum ether/ethyl acetate 1/1). 1H NMR (400 MHz, CDCl3) δ 

7.43 (d, J = 7.9 Hz, 2H), 7.05 (d, J = 7.1 Hz, 2H), 6.94 (d, J = 7.9 Hz, 2H), 

6.85 (d, J = 7.6 Hz, 2H), 6.61 (s, 1H), 4.89-4.75 (m, 1H), 4.67 (dd, J = 9.5 

Hz, JPH = 24.3 Hz, 1H), 4.42-4.28 (m, 1H), 2.27 (s, 3H), 2.23 (s, 3H), 

1.41-1.31 (m, 6H), 1.21 (d, J = 6.1 Hz, 3H), 0.80 (d, J = 6.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 142.7, 138.3 (d, JPC = 1.4 Hz), 137.5 (d, JPC = 3.1 Hz), 131.0, 129.0, 128.8 (d, JPC = 2.2 Hz), 

128.6 (d, JPC = 5.9 Hz), 127.3, 72.8 (d, JPC = 7.5 Hz), 72.6 (d, JPC = 7.3 Hz), 55.8 (d, JPC = 159.0 

Hz), 24.5, 24.4 (d, JPC = 3.1 Hz), 24.0 (d, JPC = 5.6 Hz), 23.1 (d, JPC = 6.1 Hz), 21.5, 21.2; 31P 

NMR (162 MHz, CDCl3) δ 18.1. HPLC: Chiralcel IA-H column, 230 nm, 30 oC, n-hexane/ 

i-propanol = 65/35, flow = 0.7 mL/min, retention time 15.0 min and 24.6 min (maj). 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-4-diisopropylphosphonate (4a): 32 mg, 

90% yield, 96% ee, []20
D = -72.11 (c 0.43, CHCl3), unknown compound, white solid, m.p. = 

158-159 oC, Rf = 0.40 (petroleum ether/ethyl acetate 2/1). 1H NMR (400 MHz, CDCl3) δ 

7.86-7.77 (m, 1H), 7.38-7.29 (m, 1H), 7.24-7.15 (m, 1H), 7.02 (d, J = 8.2 Hz, 1H), 5.95-5.70 (m, 
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1H), 5.05 (dd, J = 7.7 Hz, JPH = 20.4 Hz, 1H), 4.88-4.75 (m, 1H), 4.72-4.58 (m, 1H), 1.40-1.33 (m, 

6H), 1.31 (d, J = 6.2 Hz, 3H), 1.10 (d, J = 6.2 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 151.8 (d, JPC = 9.0 Hz), 130.0 (d, JPC = 2.1 Hz), 128.0 (d, JPC = 3.3 

Hz), 125.5 (d, JPC = 2.2 Hz), 119.3 (d, JPC = 0.6 Hz), 116.6 (d, JPC = 3.8 Hz), 

73.9 (d, JPC = 7.1 Hz), 73.5 (d, JPC = 7.0 Hz), 54.4 (d, JPC = 154.2 Hz), 24.3 (d, 

JPC = 3.4 Hz), 24.2 (d, JPC = 4.0 Hz), 23.9 (d, JPC = 4.9 Hz), 23.6 (d, JPC = 5.4 Hz); 31P NMR (162 

MHz, CDCl3) δ 14.4. HPLC: Chiralcel AD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 

80/20, flow = 0.8 mL/min, retention time 7.1 min (maj) and 7.9 min. HRMS Calculated for 

C13H21NO6PS [M+H]+ 350.0822, found 350.0824. 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-4-diethylphosphonate (4b): 27 mg, 85% 

yield, 93% ee, []20
D = -58.24 (c 0.36, CHCl3), unknown compound, white solid, m.p. = 153-154 

oC, Rf = 0.20 (dichloromethane). 1H NMR (400 MHz, CDCl3) δ 7.80-7.73 (m, 

1H), 7.38-7.30 (m, 1H), 7.24-7.16 (m, 1H), 7.02 (d, J = 8.3 Hz, 1H), 6.00 (s, 1H), 

5.11 (d, JPH = 20.7 Hz, 1H), 4.30-4.19 (m, 2H), 4.18-4.00 (m, 2H), 1.37 (t, J = 

7.1 Hz, 3H), 1.23 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 151.8 (d, 

JPC = 8.9 Hz), 130.0 (d, JPC = 2.0 Hz), 127.7 (d, JPC = 3.4 Hz), 125.5 (d, JPC = 2.2 Hz), 119.3, 

116.3 (d, JPC = 3.2 Hz), 64.7 (d, JPC = 6.9 Hz), 64.2 (d, JPC = 6.8 Hz), 53.9 (d, JPC = 155.5 Hz), 

16.4 (d, JPC = 4.1 Hz), 16.4 (d, JPC = 4.0 Hz); 31P NMR (162 MHz, CDCl3) δ 16.6. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, 

retention time 10.3 min and 19.6 min (maj). HRMS Calculated for C11H17NO6PS [M+H]+ 

322.0509, found 322.0514. 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-7-methyl-4-diisopropylphosphonate (4c): 

31 mg, 86% yield, 99% ee, []20
D = -75.16 (c 0.62, CHCl3), unknown compound, white solid, m.p. 

= 132-133 oC, Rf = 0.30 (dichloromethane). 1H NMR (400 MHz, CDCl3) δ 

7.68 (d, J = 8.1 Hz, 1H), 7.00 (d, J = 8.1 Hz, 1H), 6.82 (s, 1H), 5.79 (s, 1H), 

5.00 (d, JPH = 20.1 Hz, 1H), 4.87-4.74 (m, 1H), 4.71-4.57 (m, 1H), 2.33 (s, 

3H), 1.41-1.33 (m, 6H), 1.30 (d, J = 6.2 Hz, 3H), 1.11 (d, J = 6.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ 151.6 (d, JPC = 9.0 Hz), 140.6 (d, JPC = 2.1 Hz), 127.7 (d, JPC = 3.2 

Hz), 126.4 (d, JPC = 2.3 Hz), 119.5 (d, JPC = 0.6 Hz), 113.4 (d, JPC = 3.8 Hz), 73.7 (d, JPC = 7.0 

Hz), 73.4 (d, JPC = 6.9 Hz), 54.2 (d, JPC = 154.5 Hz), 24.3 (d, JPC = 3.3 Hz), 24.2 (d, JPC = 4.0 Hz), 

23.9 (d, JPC = 4.9 Hz), 23.6 (d, JPC = 5.4 Hz), 21.1; 31P NMR (162 MHz, CDCl3) δ 14.6. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, 

retention time 6.9 min and 9.5 min (maj). HRMS Calculated for C14H23NO6PS [M+H]+ 364.0978, 

found 364.0986. 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-8-methoxy-4-diisopropylphosphonate (4d): 

33 mg, 87% yield, 97% ee, []20
D = -65.30 (c 0.63, CHCl3), unknown compound, white solid, m.p. 

= 168-169 oC, Rf = 0.20 (dichloromethane). 1H NMR (400 MHz, CDCl3) δ 7.34 

(d, J = 8.1 Hz, 1H), 7.11 (t, J = 8.2 Hz, 1H), 6.93 (d, J = 8.2 Hz, 1H), 6.54-6.26 

(m, 1H), 5.03 (dd, J = 7.5 Hz, JPH = 20.5 Hz, 1H), 4.88-4.74 (m, 1H), 4.74-4.58 

(m, 1H), 3.86 (s, 3H), 1.44-1.32 (m, 6H), 1.30 (d, J = 6.2 Hz, 3H), 1.14 (d, J = 

6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 149.0, 141.4 (d, JPC = 9.2 Hz), 125.0 (d, JPC = 2.1 Hz), 

118.8 (d, JPC = 3.2 Hz), 117.7 (d, JPC = 3.3 Hz), 112.3 (d, JPC = 1.7 Hz), 73.8 (d, JPC = 7.0 Hz), 

73.4 (d, JPC = 7.0 Hz), 56.3, 54.5 (d, JPC = 156.0 Hz), 24.2 (d, JPC = 3.3 Hz), 24.1 (d, JPC = 4.0 Hz), 
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23.8 (d, JPC = 4.9 Hz), 23.5 (d, JPC = 5.4 Hz); 31P NMR (162 MHz, CDCl3) δ 14.4. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, reten- 

tion time 10.0 min and 12.5 min (maj). HRMS Calculated for C14H23NO7PS [M+H]+ 380.0927, 

found 380.0930. 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-7-methoxy-4-diisopropylphosphonate (4e): 

34 mg, 90% yield, 98% ee, []20
D = -75.48 (c 0.62, CHCl3), unknown compound, white solid, m.p. 

= 140-141 oC, Rf = 0.30 (dichloromethane). 1H NMR (400 MHz, CDCl3) δ 

7.69 (d, J = 8.5 Hz, 1H), 6.78-6.69 (m, 1H), 6.55-6.48 (m, 1H), 5.95 (s, 

1H), 4.97 (d, JPH = 19.7 Hz, 1H), 4.86-4.73 (m, 1H), 4.71-4.58 (m, 1H), 

3.78 (s, 3H), 1.39-1.32 (m, 6H), 1.30 (d, J = 6.2 Hz, 3H), 1.12 (d, J = 6.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 160.7 (d, JPC = 1.7 Hz), 152.6 (d, JPC = 9.2 Hz), 128.6 (d, 

JPC = 3.0 Hz), 112.0 (d, JPC = 2.0 Hz), 108.1 (d, JPC = 3.5 Hz), 104.2, 73.8 (d, JPC = 7.0 Hz), 73.3 

(d, JPC = 6.9 Hz), 55.7, 53.9 (d, JPC = 155.4 Hz), 24.3 (d, JPC = 3.3 Hz), 24.1 (d, JPC = 4.0 Hz), 

23.9 (d, JPC = 4.9 Hz), 23.6 (d, JPC = 5.3 Hz); 31P NMR (162 MHz, CDCl3) δ 14.7. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, 

retention time 8.1 min and 12.6 min (maj). HRMS Calculated for C14H23NO7PS [M+H]+ 380.0927, 

found 380.0929. 

(S)-3,4-Dihydro-1,2,3-benzoxathiazine-2,2-dioxide-6-methoxy-4-diisopropylphosphonate (4f): 

35 mg, 92% yield, 94% ee, []20
D = -80.51 (c 0.74, CHCl3), unknown compound, white solid, m.p. 

= 133-134 oC, Rf = 0.25 (dichloromethane). 1H NMR (400 MHz, CDCl3) δ 

7.36 (s, 1H), 6.98-6.91 (m, 1H), 6.90-6.81 (m, 1H), 6.00-5.78 (m, 1H), 

5.02 (dd, J = 7.6 Hz, JPH = 20.5 Hz, 1H), 4.90-4.76 (m, 1H), 4.75-4.60 (m, 

1H), 3.79 (s, 3H), 1.44-1.34 (m, 6H), 1.33 (d, J = 6.2 Hz, 3H), 1.15 (d, J = 

6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 156.7 (d, JPC = 2.3 Hz), 145.5 (d, JPC = 8.9 Hz), 120.1, 

117.1 (d, JPC = 3.9 Hz), 116.3 (d, JPC = 1.9 Hz), 111.8 (d, JPC = 3.1 Hz), 73.9 (d, JPC = 7.0 Hz), 

73.5 (d, JPC = 6.9 Hz), 55.9, 54.5 (d, JPC = 154.3 Hz), 24.3 (d, JPC = 3.3 Hz), 24.2 (d, JPC = 4.0 Hz), 

24.0 (d, JPC = 4.9 Hz), 23.6 (d, JPC = 5.3 Hz); 31P NMR (162 MHz, CDCl3) δ 14.5. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, 

retention time 9.1 min and 13.6 min (maj). HRMS Calculated for C14H23NO7PS [M+H]+ 380.0927, 

found 380.0931. 

(S)-Diisopropyl(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate (4g): 33 mg, 

91% yield, 96% ee, []20
D = -40.87 (c 0.46, CHCl3), unknown compound, white solid, m.p. = 

176-177 oC, Rf = 0.50 (petroleum ether/ethyl acetate 1/2). 1H NMR (400 MHz, 

CDCl3) δ 7.84-7.76 (m, 2H), 7.70-7.63 (m, 1H), 7.62-7.54 (m, 1H), 5.64 (s, 

1H), 4.99 (d, JPH = 11.2 Hz, 1H), 4.89-4.75 (m, 1H), 4.67-4.54 (m, 1H), 1.35 (d, 

J = 6.2 Hz, 3H), 1.31 (d, J = 6.2 Hz, 3H), 1.28 (d, J = 6.2 Hz, 3H), 1.05 (d, J = 

6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 135.3 (d, JPC = 5.9 Hz), 133.3 (d, JPC = 2.6 Hz), 132.7 

(d, JPC = 5.7 Hz), 130.0 (d, JPC = 2.5 Hz), 126.0 (d, JPC = 2.9 Hz), 121.7 (d, JPC = 2.0 Hz), 73.6 (d, 

JPC = 7.2 Hz), 73.5(d, JPC = 7.3 Hz), 54.7 (d, JPC = 161.7 Hz), 24.3 (d, JPC = 1.9 Hz), 24.3 (d, JPC = 

1.9 Hz), 23.9 (d, JPC = 5.4 Hz), 23.6 (d, JPC = 5.2 Hz); 31P NMR (162 MHz, CDCl3) δ 14.8. HPLC: 

Chiralcel OD-H column, 230 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, 

retention time 9.3 min and 10.8 min (maj). HRMS Calculated for C13H21NO5PS [M+H]+ 334.0873, 

found 334.0875. 
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(S)-Diethyl(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate (4h): 28 mg, 92% 

yield, 91% ee, []20
D = -38.93 (c 0.56, CHCl3), unknown compound, white solid, m.p. = 154-155 

oC, Rf = 0.20 (dichloromethane/methanol 80/1). 1H NMR (400 MHz, CDCl3) δ 

7.80 (d, J = 7.7 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.69-7.62 (m, 1H), 7.62-7.52 

(m, 1H), 6.78 (s, 1H), 5.12 (d, JPH = 10.9 Hz, 1H), 4.34-4.18 (m, 2H), 4.18-4.00 

(m, 2H), 1.34-1.20 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 135.2 (d, JPC = 5.5 

Hz), 133.2 (d, JPC = 2.5 Hz), 132.5 (d, JPC = 5.2 Hz), 130.0 (d, JPC = 2.5 Hz), 126.1 (d, JPC = 2.7 

Hz), 121.6 (d, JPC = 2.0 Hz), 64.9 (d, JPC = 7.0 Hz), 64.1 (d, JPC = 7.2 Hz), 54.3 (d, JPC = 163.7 

Hz), 16.5 (d, JPC = 5.5 Hz), 16.4 (d, JPC = 5.6 Hz); 31P NMR (162 MHz, CDCl3) δ 17.0. HPLC: 

Chiralcel AS-H column, 220 nm, 30 oC, n-hexane/i-propanol = 60/40, flow = 0.6 mL/min, 

retention time 13.3 min and 28.8 min (maj). HRMS Calculated for C11H17NO5PS [M+H]+ 

306.0560, found 306.0561. 

(S)-Diisopropyl(5-methyl-1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)phosphonate (4i): 

34 mg, 99% yield, 94% ee, []20
D = -57.33 (c 0.59, CHCl3), unknown compound, white solid, m.p. 

= 150-151 oC, Rf = 0.10 (petroleum ether/ethyl acetate 2/1). 1H NMR (400 

MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 1H), 7.56 (s, 1H), 7.36 (d, J = 8.0 Hz, 

1H), 5.75 (s, 1H), 4.95 (d, JPH = 11.1 Hz, 1H), 4.89-4.74 (m, 1H), 

4.67-4.55 (m, 1H), 2.47 (s, 3H), 1.35 (d, J = 6.2 Hz, 3H), 1.32-1.24 (m, 

6H), 1.05 (d, J = 6.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.3 (d, JPC = 2.6 Hz), 133.0 (d, 

JPC = 5.7 Hz), 132.6 (d, JPC = 6.0 Hz), 131.0 (d, JPC = 2.4 Hz), 126.2 (d, JPC = 2.9 Hz), 121.4 (d, 

JPC = 2.0 Hz), 73.5 (d, JPC = 3.0 Hz), 73.4 (d, JPC = 3.3 Hz), 54.6 (d, JPC = 161.2 Hz), δ 24.3 (d, J 

= 3.4 Hz), 24.3 (d, J = 3.4 Hz), 24.0 (d, JPC = 5.3 Hz), 23.6 (d, JPC = 5.1 Hz), 22.0; 31P NMR (162 

MHz, CDCl3) δ 15.0. HPLC: Chiralcel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 

90/10, flow = 0.7 mL/min, retention time 21.7 min and 25.5 min (maj). HRMS Calculated for 

C14H23NO5PS [M+H]+ 348.1029, found 348.1033. 

4. Determination of the Absolute Configuration of 2a 

 
X-ray Single Crystal Structure of (S)-2a 

After a simple recrystallization from n-hexane and dichloromethane, 2a could be obtained 

with up to >99% ee. Based on single crystal X-ray diffraction analysis, the absolute configuration 

of 2a was determined to be (S)-diethyl(4-methyl- phenylsulfonamido)(phenyl)methylphosphonate. 

The CCDC number is 1418867. These details can be obtained free of charge via www.ccdc.com. 

ac.uk/data_request/cif from the Cambridge Crystallographic Data Centre. 
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5. Procedure for desulfonylation reaction of 2a7 

 

(S)-Diethyl(4-methylphenylsulfonamido)(phenyl)methylphosphonate ((S)-2a, 40 mg, 0.1 

mmol, 99% ee) placed in round-bottom flask was treated with a 0.15 M solution of methane- 

sulfonicacid in trifluoroacetic acid/thioanosole (9/1, 1.3 mL) at room tempurature, and the solution 

was stirred for 24 h. After removal volatiles under reduced pressure, added saturated sodium 

bicarbonate and extracted with dichloromethane (3×10 mL). The organic layer was dried over 

sodium sulfate and concentrated under reduced pressure to give the crude product, which was 

purified by silica gel column chromatography to give 8. 

(S)-diethyl(amino(phenyl)methyl)phosphonate (8): 17 mg, 71% yield, 98% ee, []20
D = -15.00 

(c 0.26, CHCl3), [lit.
8: []20

D = +17.2 (c 1.0, CHCl3) for the (R)-enantiomer], known compound,8 

yellow oil, Rf = 0.40 (dichloromethane/methanol 15/1). 1H NMR (400 MHz, 

CDCl3) δ 7.45 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.32-7.26 (m, 1H), 

4.26 (d, J = 17.1 Hz, 1H), 4.10-4.01 (m, 2H), 4.01-3.93 (m, 1H), 3.92-3.80 (m, 

1H), 1.87 (s, 2H), 1.27 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.0 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 137.8 (d, JPC = 3.6 Hz), 128.5 (d, JPC = 2.5 Hz), 127.9 (d, JPC = 3.2 Hz), 

127.8 (d, JPC = 6.1 Hz), 62.9 (d, JPC = 7.1 Hz), 62.7 (d, JPC = 7.3 Hz), 54.2 (d, JPC = 149.5 Hz), 

16.5 (d, JPC = 5.7 Hz), 16.4 (d, JPC = 5.7 Hz); 31P NMR (162 MHz, CDCl3) δ 24.9. HPLC: 

Chiralcel AD-H column, 230 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 8.4 min and 9.6 min (maj). 
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7. Copy of NMR and HPLC for the Compounds 
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