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General: Reactions were carried out under nitrogen in flame-dried or oven-dried 

glassware unless otherwise specified. Tris(dibenzylideneacetone)dipalladium and (S)-

SIPHOS-PE were purchased from Strem Chemical Co. and used without further 

purification. Dichloromethane and toluene were purified using a GlassContour solvent 
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system. Xylenes were purified by distillation over CaH2 prior to use in reactions. 1-Allyl-

1,3-bisbenzylsulfamide (1f)[1] was prepared according to published procedures. All other 

solvents and aryl halides were purchased from commercial sources and used as 

received. Yields refer to isolated yields of compounds that are estimated to be >95% 

pure as judged by 1H NMR or GC analysis. Unless otherwise noted, yields reported in 

the supporting information describe the result of a single experiment, whereas yields 

reported in Tables 1-3 and eq 2-3 are average yields of two or more experiments. Thus, 

the yields reported in the supporting information may differ from those in the manuscript.  

 

Synthesis of Substrates: 

General procedure 1 for the synthesis of substrates: 

A flame dried two neck round bottom flask equipped with a stir bar, condenser, and 

septum was cooled under a stream of nitrogen and charged with DMAP (0.20 equiv.) 

and oxazolidin-2-one substrate (1.0 equiv.). Anhydrous acetonitrile (5 mL/mmol) was 

added followed by triethylamine (3.0 equiv.). The reaction mixture was heated at 80 °C 

for 15 min, and then the allyl amine was added dropwise. The resulting mixture was 

stirred for 16-18 h at 80 °C The reaction mixture was cooled to rt, and the solvent was 

removed under reduced pressure. The crude product was purified by flash 

chromatography on silica gel using hexanes/ethyl acetate as eluant. 

 

 

N-Allyl-N’-(4-methoxyphenyl)-N-tert-butylsulfamide (1a). General procedure 1 was 
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used to sulfonylate N-(tert-butyl)prop-2-en-1-amine (1.2 g, 10.5 mmol) with 3-[(4-

methoxyphenyl)sulfonyl]oxazolidin-2-one (2.6 g, 9.5 mmol) to afford the title compound 

(2.2 g, 79%) as a yellow solid, mp 77–81 °C. 1H NMR (500 MHz, CDCl3) δ 7.17–7.11 

(m, 2 H), 6.87–6.82 (m, 2 H), 6.22 (s, br, 1 H), 5.78 (m, 1 H), 5.12–5.06 (m, 1 H), 5.02 

(dd, J = 10.3, 1.2 Hz, 1 H), 3.89 (dd, J = 6.0, 1.3 Hz, 2 H), 3.80 (s, 3 H), 1.40 (s, 9 H); 

13C NMR (175 MHz, CDCl3) δ 157.6, 137.4, 130.1, 124.7, 116.9, 114.5, 59.7, 55.6, 50.1, 

30.0; IR (neat) 3289, 2934, 1510, 1128 cm-1; MS (ESI+) 299.1422 (299.1424 calcd for 

C14H22N2O3S, M + H+). 

 

 

N-Allyl-N’-(4-chlorophenyl)-N-tert-butylsulfamide (1b). General procedure 1 was 

used to acylate N-(tert-butyl)prop-2-en-1-amine (1.2 g, 10.5 mmol) with 3-((4-

chlorophenyl)sulfonyl)oxazolidin-2-one (2.6 g, 9.5 mmol) to afford the title compound 

(2.0 g, 68%) as a colorless solid, mp 74–78 °C. 1H NMR (500 MHz, CDCl3) δ 7.22–7.35 

(m, 2 H), 7.04–7.14 (m, 2 H), 6.58 (s, 1 H), 5.71–5.84 (m, 1 H), 5.14 (dd, J = 17.2, 0.7 

Hz, 1 H), 5.07 (dd, J = 10.3, 0.5 Hz, 1 H), 3.95 (d, J = 5.9 Hz, 2 H), 1.40 (s, 9 H); 13C 

NMR (175 MHz, CDCl3) δ 136.9, 136.1, 130.0, 129.5, 121.8, 116.9, 60.0, 50.1, 29.9; IR 

(neat) 3327, 3253, 2978, 1317, 1132 cm-1; MS (ESI+) 325.0747 (325.0748 calcd for 

C13H19ClN2O2S, M + Na+). 
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N-Allyl-N’-benzyl-N-tert-butylsulfamide (1c). General procedure 1 was used to 

sulfonylate N-(tert-butyl)prop-2-en-1-amine (3.1 mL, 20.9 mmol) with 3-

(benzylsulfonyl)oxazolidin-2-one (4.87 g, 19 mmol) to afford the title compound (3.3 g, 

61%) as a colorless solid. Spectra were identical to those previously reported.[2] 

 

 

N-Allyl-N’-(4-methoxybenzyl)-N-tert-butylsulfamide (1d). General procedure 1 was 

used to sulfonylate N-(tert-butyl)prop-2-en-1-amine (1.2 g, 10.5 mmol) with 3-[(4-

methoxybenzyl)sulfonyl]oxazolidin-2-one (2.7 g, 9.5 mmol) to afford the title compound 

(2.6 g, 87%) as a colorless solid, mp 66–69 °C. 1H NMR (500 MHz, CDCl3) δ 7.27–7.22 

(m, 2 H), 6.89–6.85 (m, 2 H), 6.03–5.92 (m, 1 H), 5.22 (dd, J = 17.4, 1.5 Hz, 1 H), 5.13 

(dd, J = 10.3, 1.5 Hz, 1 H), 4.20–4.14 (m, 1 H), 4.08 (d, J = 6.1 Hz, 2 H), 3.95 (dt, J = 

5.9, 1.4 Hz, 2 H), 3.80 (s, 3 H), 1.46 (s, 9 H); 13C NMR (175 MHz, CDCl3) δ 159.5, 

137.5, 129.6, 128.9, 116.6, 114.3, 59.4, 55.5, 49.5, 47.0, 29.9; IR (neat) 3325, 1513, 

1313, 1248 cm-1; MS (ESI+) 313.1581 (313.158 calcd for C15H24N2O3S, M + H+). 
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N-Allyl-N’-(3-methoxybenzyl)-N-tert-butylsulfamide (1e). General procedure 1 was 

used to sulfonylate N-(tert-butyl)prop-2-en-1-amine (1.2 g, 10.5 mmol) with 3-[(3-

methoxybenzyl)sulfonyl]oxazolidin-2-one (2.7 g, 9.5 mmol) to afford the title compound 

(1.7 g, 58%) as a yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.25 (t, J = 7.8 Hz, 1 H), 6.92–

6.86 (m, 2 H), 6.83 (dd, J = 8.3, 2.4 Hz, 1 H), 6.02–5.92 (m, 1 H), 5.22 (dd, J = 17.2, 1.3 

Hz, 1 H), 5.13 (dd, J = 10.3, 1.2 Hz, 1 H), 4.35 (t, J = 5.0 Hz, 1 H), 4.11 (d, J = 6.1 Hz, 2 

H), 3.95 (dt, J = 6.0, 1.3 Hz, 2 H), 3.80 (s, 3 H), 1.46 (s, 9 H); 13C NMR (175 MHz, 

CDCl3) δ 160.0, 138.5, 137.5, 129.9, 120.4, 116.7, 113.7, 113.6, 59.4, 55.4, 49.5, 47.4, 

29.8; IR (neat) 3320, 3250, 1317, 1135 cm-1; MS (ESI+) 313.1576 (313.158 calcd for 

C15H24N2O3S, M + H+). 

 

 

N-Allyl-N’-benzyl-N-(4-methoxyphenyl)sulfamide (1g). General procedure 1 was 

used to sulfonylate N-allyl-4-methoxyaniline (1.71 g, 10.5 mmol) with 3-

(benzylsulfonyl)oxazolidin-2-one (2.5 g, 9.5 mmol) to afford the title compound (2.2 g, 

70%) as a light brown solid, mp 58–61 °C. 1H NMR (500 MHz, CDCl3) δ 7.36–7.32 (m, 2 

H), 7.31–7.27 (m, 3 H), 7.27–7.23 (m, 2 H), 6.89–6.85 (m, 2 H), 5.86–5.77 (m, 1 H), 

5.13–5.10 (m, 1 H), 5.08 (t, J = 1.2 Hz, 1 H), 4.52 (t, J = 6.0 Hz, 1 H), 4.23 (d, J = 6.1 

Hz, 2 H), 4.18 (dt, J = 6.5, 1.1 Hz, 2 H), 3.80 (s, 3 H); 13C NMR (175 MHz, CDCl3) δ 
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159.2, 136.8, 133.4, 132.8, 130.2, 128.9, 128.1, 128.1, 119.0, 114.5, 55.6, 55.3, 47.8; 

IR (neat) 3289, 1510, 1331, 1146 cm-1; MS (ESI+) 333.1624 (333.1627 calcd for 

C17H20N2O3S, M + H+). 

 

 

N-Allyl-N’-benzyl-N-(4-chlorophenyl)sulfamide (1h). General procedure 1 was used 

to sulfonylate N-allyl-4-chloroaniline (1.76 g, 10.5 mmol) with 3-

(benzylsulfonyl)oxazolidin-2-one (2.5 g, 9.5 mmol) to afford the title compound (1.39 g, 

43%) as a colorless solid, mp 61–63 °C. 1H NMR (500 MHz, CDCl3) δ 7.37–7.28 (m, 5 

H), 7.28–7.22 (m, 4 H), 5.83–5.73 (m, 1 H), 5.12 (s, 1 H), 5.11–5.07 (m, 1 H), 4.58 (s, 

br, 1 H), 4.22 (d, J = 5.9 Hz, 2 H), 4.19 (dd, J = 6.5, 1.1 Hz, 2 H); 13C NMR (175 MHz, 

CDCl3) δ 138.8, 136.6, 133.6, 133.0, 129.8, 129.5, 129.0, 128.3, 128.1, 119.4, 54.9, 

47.8; IR (neat) 3294, 1488, 1338, 1145 cm-1; MS (ESI+) 337.0769 (337.0772 calcd for 

C16H17ClN2O2S, M + H+). 

 

 

N-Allyl-N-benzhydryl-N’-benzylsulfamide (1i). General procedure 1 was used to 

sulfonylate N-benzhydrylprop-2-en-1-amine (1.52 g, 6.8 mmol) with 3-

(benzylsulfonyl)oxazolidin-2-one (1.59 g, 6.2 mmol) to afford the title compound (1.2 g, 

48%) as a colorless solid, mp 100–102 °C. 1H NMR (500 MHz, CDCl3) δ 7.39–7.27 (m, 
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12 H), 7.19–7.15 (m, 2 H), 6.39 (s, 1 H), 5.40 (ddt, J = 17.0, 10.3, 6.5 Hz, 1 H), 4.98 (dd, 

J = 17.2, 1.3 Hz, 1 H), 4.92 (dd, J = 10.1, 1.1 Hz, 1 H), 4.23 (t, J = 6.0 Hz, 1 H), 4.05 (d, 

J = 6.1 Hz, 2 H), 3.95 (d, J = 6.4 Hz, 2 H); 13C NMR (175 MHz, CDCl3) δ 139.5, 136.6, 

134.6, 129.2, 128.9, 128.7, 128.2, 128.1, 128.0, 118.2, 65.9, 49.5, 47.4; IR (neat) 3300, 

1433, 1324, 1142 cm-1; MS (ESI+) 393.1628 (393.1631 calcd for C23H24N2O2S, M + 

H+). 

 

 

N’-Benzyl-N-(tert-butyl)-N-(2-methylallyl)sulfamide (4a). A flame-dried round-bottom 

flask equipped with a stirbar and a septum was cooled under a stream of nitrogen and 

charged with tert-butylamine (6.3 mL, 60 mmol), 3-bromo-2-methylprop-1-ene (1.51, 15 

mmol), and solid potassium carbonate (2.5 g, 18 mmol). The resulting mixture was 

stirred at rt for 24 h, then the mixture was filtered through celite. The celite was washed 

3 x 20 mL diethyl ether. The organic layers were combined, and the solvent was 

removed under reduced pressure to afford crude N-(tert-butyl)-2-methylprop-2-en-1-

amine (1.5 g, 80%) as a colorless oil which was carried on without further purification. 

1H NMR (400 MHz, CDCl3) δ 4.86 (s, 1 H), 4.79 (s, 1 H), 3.10 (s, 2 H), 1.77 (s, 3 H), 

1.11 (s, 9 H) 

General procedure 1 was used to sulfonylate N-(tert-butyl)-2-methylprop-2-en-1-

amine (1.34 g, 10.5 mmol) with 3-(benzylsulfonyl)oxazolidin-2-one (2.5 g, 9.5 mmol) to 

afford the title compound (1.3 g, 47%) as a colorless solid, mp 76–80 °C. 1H NMR (400 
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MHz, CDCl3) δ 7.38–7.27 (m, 5 H), 5.07 (d, J = 0.7 Hz, 1 H), 4.93 (d, J = 1.2 Hz, 1 H), 

4.21 (s, 3 H), 3.86 (s, 2 H), 1.77 (s, 3 H), 1.49–1.43 (m, 9 H); 13C NMR (175 MHz, 

CDCl3) δ 144.0, 137.1, 128.9, 128.3, 128.1, 111.2, 59.6, 52.4, 47.8, 29.6, 20.5; IR (neat) 

3327, 2977, 1321, 1133 cm-1; MS (ESI+) 297.1629 (297.1631 calcd for C15H24N2O2S, M 

+ H+). 

 

 

N’-Benzyl-N-(tert-butyl)-N-(2-phenylallyl)sulfamide (4b). The alkylation of tert-

butylamine (6.3 mL, 60 mmol) with (3-bromoprop-1-en-2-yl)benzene (2.96 g, 15 mmol) 

in the presence of potassium carbonate (2.5 g, 18 mmol) was accomplished using a 

procedure analogous to that described above for the formation of 4a. This procedure 

afforded N-(tert-butyl)-2-phenylprop-2-en-1-amine (2.4 g, 83%), which was carried on 

without further purification. 1H NMR (500 MHz, CDCl3) δ 7.46 (d, J = 7.3 Hz, 2 H), 7.37–

7.31 (m, 2 H), 7,29 (d, J = 7.3 Hz, 1 H), 5.38 (s, 1 H), 5.28 (s, 1 H), 3.62 (s, 2 H), 1.15 

(s, 9 H). 

General procedure 1 was used to sulfonylate N-(tert-butyl)-2-phenylprop-2-en-1-

amine (2.0 g, 10.5 mmol) with 3-(benzylsulfonyl)oxazolidin-2-one (2.5 g, 9.5 mmol) to 

afford the title compound (2.4 g, 71%) as a colorless solid, mp 64–68 °C. 1H NMR (500 

MHz, CDCl3) δ 7.44–7.25 (m, 10 H), 5.55–5.43 (m, 2 H), 4.31 (s, 2 H), 4.24–4.17 (m, 3 

H), 1.53 (s, 9 H); 13C NMR (175 MHz, CDCl3) δ 146.7, 140.0, 137.0, 128.9, 128.6, 

128.2, 128.1, 128.1, 126.4, 113.2, 59.9, 50.4, 47.9, 29.2; IR (neat) 3330, 2969, 1320, 
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1137 cm-1; MS (ESI+) 359.1783 (359.1788 calcd for C20H26N2O2S, M + H+). 

 

General procedure 2 for asymmetric Pd-catalyzed carboamination reactions.  

An oven-dried test tube equipped with a stir bar and a rubber septum was cooled under 

a stream of nitrogen and charged with Pd2(dba)3 (1 mol %), S-SIPHOS-PE (5 mol %), 

the sulfamide substrate (1.0 equiv), and NaOtBu (2.0 equiv). The septum-capped tube 

was purged with N2, and then the aryl or alkenyl halide (2.0 equiv), water (0 or 2.0 

equiv.), and xylenes (0.125 M) were added. The resulting mixture was heated to 120 °C 

with stirring for 18 h. The reaction mixture was then cooled to rt and saturated aqueous 

ammonium chloride (6 mL/mmol substrate) was added. The mixture was extracted with 

ethyl acetate (3 x 2 mL) and then the combined organic layers were dried over 

anhydrous Na2SO4, filtered through a plug of celite, and concentrated in vacuo. The 

crude product was purified by flash chromatography on silica gel using hexanes/ethyl 

acetate as eluant. 

 

 

(–)-(S)-5-(tert-Butyl)-3-[4-(tert-butyl)benzyl]-2-(4-methoxyphenyl)-1,2,5-

thiadiazolidine-1,1-dioxide (2a). The general procedure 2 was employed for the 

coupling of N-allyl-N’-(4-methoxyphenyl)-N-tert-butylsulfamide (89.0 mg, 0.30 mmol) 

and 1-bromo-4-(tert-butyl)benzene (104 µL, 0.60 mmol) using a catalyst composed of 

Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), sodium 

tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction 
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time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound (61 mg, 

47%) as a yellow oil: [α]23
D –21.5 (c 1.9, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.37–

7.33 (m, 2 H), 7.32–7.28 (m, 2 H), 7.02 (d, J = 8.3 Hz, 2 H), 6.96–6.92 (m, 2 H), 4.12–

4.05 (m, 1 H), 3.82 (s, 3 H), 3.32 (dd, J = 8.7, 6.0 Hz, 1 H), 3.24–3.18 (m, 1 H), 2.95 (dd, 

J = 13.7, 4.2 Hz, 1 H), 2.63 (dd, J = 13.8, 9.8 Hz, 1 H), 1.42 (s, 9 H), 1.30 (s, 9 H); 13C 

NMR (125 MHz, CDCl3) δ 159.2, 150.1, 132.9, 128.9, 128.7, 128.4, 125.8, 115.0, 57.4, 

56.6, 55.7, 46.4, 38.0, 34.6, 31.5, 27.5; IR (neat) 2963, 1509, 1149 cm-1; MS (ESI+) 

431.2359 (431.2363 calcd for C24H34N2O3S, M + H+). The enantiopurity was determined 

to be 81:19 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% 

IPA/Hexanes, 1.00 mL/min, λ 254 nm, RT= 7.2 and 9.9 min). 

 

 

(–)-(S)-5-(tert-Butyl)-3-[4-(tert-butyl)benzyl]-2-(4-chlorophenyl)-1,2,5-

thiadiazolidine 1,1-dioxide (2b). The general procedure 2 was employed for the 

coupling of N-allyl-N’-(4-chlorophenyl)-N-tert-butylsulfamide (76.0 mg, 0.25 mmol) and 

1-bromo-4-(tert-butyl)benzene (87 µL, 0.50 mmol) using a catalyst composed of 

Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), sodium 

tert-butoxide (48.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction 

time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound (12 mg, 

11%) yellow oil: [α]23
D –10.0 (c 0.1, CH2Cl2); 1H NMR (700 MHz, CDCl3) δ 7.36 (d, J = 

8.5 Hz, 2 H), 7.30 (t, J = 7.9 Hz, 4 H), 7.03 (d, J = 8.0 Hz, 2 H), 4.20–4.14 (m, 1 H), 

3.36–3.40 (m, 1 H), 3.25 (t, J = 8.2 Hz, 1 H), 3.00 (dd, J = 13.9, 3.8 Hz, 1 H), 2.70 (dd, J 
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= 13.8, 9.7 Hz, 1 H), 1.43 (s, 9 H), 1.31 (s, 9 H); 13C NMR (176 MHz, CDCl3) δ 150.3. 

135.3, 132.7, 132.3, 129.8, 128.9, 125.9, 125.7, 57.0, 56.4, 46.0, 37.8, 34.7, 31.5, 27.6; 

IR (film) 2966, 1491, 1150 cm-1. MS (ESI+) 435.1865 (435.1868 calcd for 

C23H31ClN2O2S, M + H+). The enantiopurity was determined to be 73:27 er by chiral 

HPLC analysis (Chiralcel ADH, 25 cm x 4.6 mm, 10% IPA/Hexanes, 0.8 mL/min, λ 254 

nm, RT= 8.8 and 18.0 min). 

 

 

(–)-(S)-2-Benzyl-5-(tert-butyl)-3-[4-(tert-butyl)benzyl]-1,2,5-thiadiazolidine-1,1-

dioxide (2c). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 1-bromo-4-(tert-butyl)benzene 

(104 µL, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and 

(S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 

(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (112 mg, 90%) as a 

colorless solid, mp 114–118 °C: [α]23
D –2.5 (c 10.1, CH2Cl2); 1H NMR (400 MHz, CDCl3) 

δ 7.43–7.38 (m, 2 H), 7.37–7.32 (m, 2 H), 7.31–7.23 (m, 3 H), 6.91 (d, J = 8.2 Hz, 2 H), 

4.38 (d, J = 14.9 Hz, 1 H), 4.21 (d, J = 14.9 Hz, 1 H), 3.47–3.38 (m, 1 H), 3.18 (dd, J = 

8.8, 6.5 Hz, 1 H), 3.06 (dd, J = 8.9, 6.2 Hz, 1 H), 2.93 (dd, J = 13.5, 4.3 Hz, 1 H), 2.61 

(dd, J = 13.4, 10.1 Hz, 1 H), 1.40 (s, 9 H), 1.28 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 

150.0, 136.0, 133.5, 129.0, 128.8, 128.7, 128.0, 125.8, 56.6, 56.3, 50.0, 45.8, 38.0, 

34.6, 31.5, 27.5; IR (neat) 2962, 1455, 1309, 1148 cm-1; MS (ESI+) 437.2233 (437.2233 
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calcd for C24H34N2O2S, M + Na+). The enantiopurity was determined to be 94:6 er by 

chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, 

λ 205 nm, RT= 4.1 and 5.0 min). 

 

 

(–)-(S)-5-(tert-Butyl)-3-[4-(tert-butyl)benzyl]-2-(4-methoxybenzyl)-1,2,5-

thiadiazolidine-1,1-dioxide (2d). The general procedure 2 was employed for the 

coupling of N-allyl-N’-(4-methoxybenzyl)-N-tert-butylsulfamide (94.0 mg, 0.30 mmol) and 

1-bromo-4-(tert-butyl)benzene (104 µL, 0.60 mmol) using a catalyst composed of 

Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), sodium 

tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction 

time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound (103 mg, 

77%) as a colorless solid, mp 82–86 °C: [α]23
D –9.6 (c 7.5, CH2Cl2); 1H NMR (500 MHz, 

CDCl3) δ 7.33 (d, J = 8.6 Hz, 2 H), 7.30–7.27 (m, 2 H), 6.94 (d, J = 8.3 Hz, 2 H), 6.90–

6.86 (m, 2 H), 4.30 (d, J = 14.7 Hz, 1 H), 4.20 (d, J = 14.7 Hz, 1 H), 3.81 (s, 3 H), 3.46–

3.39 (m, 1 H), 3.18 (dd, J = 8.9, 6.5 Hz, 1 H), 3.05 (dd, J = 8.9, 6.0 Hz, 1 H), 2.95 (dd, J 

= 13.5, 4.3 Hz, 1 H), 2.62 (dd, J = 13.4, 10.0 Hz, 1 H), 1.40 (s, 9 H), 1.30 (s, 9 H); 13C 

NMR (125 MHz, CDCl3) δ 159.5, 150.0, 133.6, 130.4, 128.9, 127.8, 125.8, 114.3, 56.3, 

56.2, 55.4, 49.4, 45.7, 38.0, 34.6, 31.5, 27.6; IR (neat) 2966, 1514, 1150 cm-1; MS 

(ESI+) 445.2510 (445.2519 calcd for C25H36N2O3S, M + H+). The enantiopurity was 

determined to be 91:9 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% 
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IPA/Hexanes, 1.00 mL/min, λ 215 nm, RT= 5.0 and 6.2 min). 

 

 

(–)-(S)-5-(tert-Butyl)-3-[4-(tert-butyl)benzyl]-2-(3-methoxybenzyl)-1,2,5-

thiadiazolidine-1,1-dioxide (2e). The general procedure 2 was employed for the 

coupling of N-allyl-N’-(3-methoxybenzyl)-N-tert-butylsulfamide (94.0 mg, 0.30 mmol) 

and 1-bromo-4-(tert-butyl)benzene (104 µL, 0.60 mmol) using a catalyst composed of 

Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), sodium 

tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction 

time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound (80 mg, 

60%) as a yellow oil: [α]23
D –4.4 (c 6.3, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 7.29–7.22 

(m, 3 H), 7.00–6.92 (m, 2 H), 6.92 (d, J = 8.2 Hz, 2 H), 6.85–6.81 (m, 1 H), 4.35 (d, J = 

14.7 Hz, 1 H), 4.18 (d, J = 14.7 Hz, 1 H), 3.80 (s, 3 H), 3.47–3.39 (m, 1 H), 3.18 (dd, J = 

8.8, 6.5 Hz, 1 H), 3.05 (dd, J = 8.9, 6.2 Hz, 1 H), 2.93 (dd, J = 13.5, 4.3 Hz, 1 H), 2.61 

(dd, J = 13.4, 10.1 Hz, 1 H), 1.39 (s, 9 H), 1.27 (s, 9 H); 13C NMR (101 MHz, CDCl3) δ 

160.0, 150.0, 137.6, 133.5, 129.7, 128.9, 125.8, 121.2, 114.2, 113.8, 56.6, 56.3, 55.4, 

50.0, 45.8, 37.9, 34.6, 31.5, 27.3; IR (neat) 2963, 1600, 1150 cm-1; MS (ESI+) 445.2513 

(445.2519 calcd for C25H36N2O3S, M + H+). The enantiopurity was determined to be 91:9 

er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 

mL/min, λ 230 nm, RT= 5.2 and 7.3 min). 
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(–)-(S)-2,3-Dibenzyl-5-(tert-butyl)-1,2,5-thiadiazolidine-1,1-dioxide (3a). The general 

procedure 2 was employed for the coupling of N-allyl-N’-benzyl-N-tert-butylsulfamide 

(85.0 mg, 0.30 mmol) and bromobenzene (63 µL, 0.60 mmol) using a catalyst 

composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 

mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide (58.0 mg, 0.60 mmol), a reaction 

temperature of 120 °C, and a reaction time of 18 h in 2.4 mL of xylenes. This procedure 

afforded the title compound (101 mg, 94%) as a colorless solid, mp 108–111 °C: [α]23
D –

8.5 (c 4.6, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.43 (d, J = 7.3 Hz, 2 H), 7.36 (t, J = 

7.3 Hz, 2 H), 7.33–7.19 (m, 4 H), 7.00 (d, J = 7.3 Hz, 2 H), 4.39 (d, J = 14.7 Hz, 1 H), 

4.22 (d, J = 15.2 Hz, 1 H), 3.49–3.42 (m, 1 H), 3.19–3.13 (m, 1 H), 3.05 (dd, J = 8.1, 7.1 

Hz, 1 H), 2.98 (dd, J = 13.7, 4.4 Hz, 1 H), 2.64 (dd, J = 13.2, 10.3 Hz, 1 H), 1.40 (s, 9 

H); 13C NMR (125 MHz, CDCl3) δ 136.6, 136.0, 129.2, 129.0, 128.9, 128.8, 128.1, 

127.1, 56.6, 56.4, 50.1, 45.7, 38.6, 27.5; IR (neat) 2962, 1314, 1150 cm-1; MS (ESI+) 

381.1607 (381.1607 calcd for C20H26N2O2S, M + Na+). The enantiopurity was 

determined to be 93:7 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 4% 

IPA/Hexanes, 0.5 mL/min, λ 210 nm, RT= 18.6 and 20.7 min). 
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(+)-(S)-3-[(1,1'-Biphenyl)-4-ylmethyl]-2-benzyl-5-(tert-butyl)-1,2,5-thiadiazolidine-

1,1-dioxide (3b). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-bromobiphenyl (140.0 mg, 

0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-

SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 

(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (122 mg, 94%) as a 

colorless solid, mp 109–113 °C: [α]23
D +0.51 (c 3.1, CH2Cl2); 1H NMR (500 MHz, CDCl3) 

δ 7.58–7.54 (m, 2 H), 7.50 (d, J = 8.1 Hz, 2 H), 7.46–7.41 (m, 4 H), 7.40–7.30 (m, 4 H), 

7.08 (d, J = 8.1 Hz, 2 H), 4.43 (d, J = 14.9 Hz, 1 H), 4.24 (d, J = 14.9 Hz, 1 H), 3.51 (d, J 

= 5.1 Hz, 1 H), 3.23 (dd, J = 8.9, 6.5 Hz, 1 H), 3.10 (dd, J = 8.8, 6.1 Hz, 1 H), 3.03 (dd, J 

= 13.4, 4.6 Hz, 1 H), 2.70 (dd, J = 13.4, 10.0 Hz, 1 H), 1.42 (s, 9 H); 13C NMR (125 

MHz, CDCl3) δ 140.7, 140.0, 136.0, 135.6, 129.6, 129.0, 129.0, 128.8, 128.1, 127.6, 

127.5, 127.1, 56.6, 56.4, 50.2, 45.8, 38.3, 27.6; IR (neat) 2974, 1487, 1311, 1151 cm-1; 

MS (ESI+) 435.2094 (435.2101 calcd for C26H30N2O2S, M + H+). The enantiopurity was 

determined to be 94:6 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% 

IPA/Hexanes, 1.00 mL/min, λ 254 nm, RT= 14.8 and 24.7 min). 

 

 

 

(+)-(S)-2-Benzyl-5-(tert-butyl)-3-[4-(dimethylamino)benzyl]-1,2,5-thiadiazolidine-

1,1-dioxide (3c). The general procedure 2 was employed for the coupling of N-allyl-N’-
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benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-bromo-N,N-dimethylaniline 

(120.0 mg, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) 

and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-

butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 

18 h in 2.4 mL of xylenes. This procedure afforded the title compound (91 mg, 76%) as 

a red solid, mp 118–122 °C: [α]23
D +17.3 (c 5.1, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 

7.46 (d, J = 7.8 Hz, 2 H), 7.37 (t, J = 7.7 Hz, 2 H), 7.34–7.29 (m, 1 H), 6.88 (d, J = 8.1 

Hz, 2 H), 6.64 (d, J = 7.8 Hz, 2 H), 4.42 (d, J = 14.9 Hz, 1 H), 4.23 (d, J = 15.1 Hz, 1 H), 

3.40 (d, J = 5.9 Hz, 1 H), 3.17 (dd, J = 8.2, 7.2 Hz, 1 H), 3.04–3.10 (m, 1 H), 2.88–2.95 

(m, 7 H), 2.54 (dd, J = 13.3, 10.4 Hz, 1 H), 1.41 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 

149.7, 136.2, 129.8, 128.9, 128.7, 128.0, 124.0, 113.0, 57.0, 56.3, 49.9, 45.8, 40.8, 

37.6, 27.5; IR (neat) 2900, 1615, 1524, 1303 cm-1; MS (ESI+) 402.2206 (402.2210 calcd 

for C22H31N3O2S, M + H+). The enantiopurity was determined to be 95:5 er by chiral 

HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 254 

nm, RT= 7.4 and 9.5 min). 

 

 

 

(–)-(S)-2-Benzyl-5-(tert-butyl)-3-(4-morpholinobenzyl)-1,2,5-thiadiazolidine-1,1-

dioxide (3d). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-(4-bromophenyl)morpholine 

(145.0 mg, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) 
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and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-

butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 

18 h in 2.4 mL of xylenes. This procedure afforded the title compound (105 mg, 79%) as 

a yellow solid, mp 95–99 °C: [α]23
D –11.5 (c 5.5, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 

7.44–7.41 (m, 2 H), 7.38–7.33 (m, 2 H), 7.31 (d, J = 7.1 Hz, 1 H), 6.90 (d, J = 8.6 Hz, 2 

H), 6.80 (d, J = 8.6 Hz, 2 H), 4.40 (d, J = 14.9 Hz, 1 H), 4.20 (d, J = 14.9 Hz, 1 H), 3.87–

3.82 (m, 4 H), 3.40 (d, J = 5.6 Hz, 1 H), 3.15 (dd, J = 8.8, 6.6 Hz, 1 H), 3.13–3.09 (m, 4 

H), 3.03 (dd, J = 8.9, 6.5 Hz, 1 H), 2.91 (dd, J = 13.6, 4.5 Hz, 1 H), 2.56 (dd, J = 13.4, 

10.0 Hz, 1 H), 1.39 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 150.3, 136.1, 129.9, 129.0, 

128.7, 128.0, 127.7, 116.1, 67.0, 56.8, 56.3, 50.1, 49.5, 45.8, 37.7, 27.5; IR (neat) 2814, 

1598, 1516, 1151 cm-1; MS (ESI+) 444.2311 (444.2315 calcd for C24H33N3O3S, M + H+). 

The enantiopurity was determined to be 94:6 er by chiral HPLC analysis (Chiralcel 

ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 254 nm, RT= 18.2 and 22.6 

min). 

 

 

(–)-(S)-2-Benzyl-5-(tert-butyl)-3-(3,4-dimethoxybenzyl)-1,2,5-thiadiazolidine-1,1-

dioxide (3e). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-bromo-1,2-dimethoxybenzene 

(86 µL, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and 

(S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 
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(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (99 mg, 79%) as a yellow 

oil: [α]23
D –5.8 (c 5.3, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.41–7.36 (m, 2 H), 7.36–

7.23 (m, 3 H), 6.73 (d, J = 8.2 Hz, 1 H), 6.54 (dd, J = 8.1, 1.9 Hz, 1 H), 6.42 (d, J = 1.8 

Hz, 1 H), 4.36 (d, J = 14.9 Hz, 1 H), 4.18 (d, J = 14.9 Hz, 1 H), 3.82 (s, 3 H), 3.76 (s, 3 

H), 3.44–3.36 (m, 1 H), 3.16 (dd, J = 8.8, 6.5 Hz, 1 H), 3.02 (dd, J = 8.9, 6.2 Hz, 1 H), 

2.90 (dd, J = 13.4, 4.6 Hz, 1 H), 2.56 (dd, J = 13.5, 9.6 Hz, 1 H), 1.38 (s, 9 H); 13C NMR 

(125 MHz, CDCl3) δ 149.2, 148.1, 136.0, 129.1, 129.0, 128.7, 128.0, 121.2, 112.2, 

111.5, 56.7, 56.3, 56.1, 56.0, 50.2, 45.8, 38.3, 27.5; IR (neat) 2976, 1661, 1514, 1150 

cm-1; MS (ESI+) 419.1997 (419.1999 calcd for C22H30N2O4S, M + H+). The enantiopurity 

was determined to be 94:6 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 

7% IPA/Hexanes, 1.00 mL/min, λ 233 nm, RT= 15.1 and 20.8 min). 

 

 

(–)-(S)-3-(Benzo[d][1,3]dioxol-5-ylmethyl)-2-benzyl-5-(tert-butyl)-1,2,5-

thiadiazolidine-1,1-dioxide (3f). The general procedure 2 was employed for the 

coupling of N-Allyl-N’-benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 5-

bromobenzo[d][1,3]dioxole (72 µL, 0.60 mmol) using a catalyst composed of Pd2(dba)3 

(2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 

mmol), sodium tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, 

and a reaction time of 18 h in 2.4 mL of xylenes. This procedure afforded the title 
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compound (88 mg, 73%) as a colorless solid, mp 99–102 °C: [α]23
D –14.2 (c 4.7, 

CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.44–7.39 (m, 2 H), 7.36 (t, J = 7.3 Hz, 2 H), 7.31 

(d, J = 7.3 Hz, 1 H), 6.69 (d, J = 7.8 Hz, 1 H), 6.48–6.42 (m, 2 H), 5.92 (s, 2 H), 4.40 (d, 

J = 14.9 Hz, 1 H), 4.19 (d, J = 14.9 Hz, 1 H), 3.42–3.34 (m, 1 H), 3.21–3.15 (m, 1 H), 

3.03 (dd, J = 8.6, 6.4 Hz, 1 H), 2.88 (dd, J = 13.6, 4.5 Hz, 1 H), 2.54 (dd, J = 13.4, 10.0 

Hz, 1 H), 1.40 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 148.0, 146.7, 136.0, 130.2, 129.0, 

128.8, 128.1, 122.2, 109.3, 108.7, 101.2, 56.8, 56.4, 50.3, 45.7, 38.4, 27.6; IR (neat) 

2976, 1493, 1313, 1150 cm-1; MS (ESI+) 403.1688 (403.1686 calcd for C21H26N2O4S, M 

+ H+). The enantiopurity was determined to be 92:8 er by chiral HPLC analysis 

(Chiralcel ODH, 15 cm x 4.6 mm, 10% IPA/Hexanes, 1.00 mL/min, λ 280 nm, RT= 7.0 

and 11.6 min). 

 

 

(–)-(S)-(4-{[2-benzyl-5-(tert-butyl)-1,1-dioxido-1,2,5-thiadiazolidin-3-

yl]methyl}phenyl)(phenyl)methanone (3g). The general procedure 2 was employed 

for the coupling of N-allyl-N’-benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-

bromobenzophenone (157 mg, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 

mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), 

sodium tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a 

reaction time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound 

(106 mg, 76%) as a colorless solid, mp 119–121 °C: [α]23
D –3.3 (c 10.0, CH2Cl2); 1H 

NMR (400 MHz, CDCl3) δ 7.76 (dd, J = 8.1, 1.2 Hz, 2 H), 7.70 (d, J = 8.1 Hz, 2 H), 7.61–
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7.56 (m, 1 H), 7.49–7.45 (m, 2 H), 7.42–7.38 (m, 2 H), 7.37–7.28 (m, 3 H), 7.11 (d, J = 

8.1 Hz, 2 H), 4.40 (d, J = 14.9 Hz, 1 H), 4.21 (d, J = 14.9 Hz, 1 H), 3.51 (d, J = 4.4 Hz, 1 

H), 3.23 (dd, J = 8.8, 6.6 Hz, 1 H), 3.08–3.02 (m, 2 H), 2.75 (dd, J = 13.4, 9.5 Hz, 1 H), 

1.40 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 196.2, 141.5, 137.6, 136.4, 135.7, 132.6, 

130.7, 130.1, 129.2, 128.9, 128.8, 128.4, 128.1, 56.4, 56.3, 50.5, 45.7, 38.7, 27.5; IR 

(neat) 2976, 1661, 1311, 1151 cm-1; MS (ESI+) 463.2048 (463.2050 calcd for 

C27H30N2O3S, M + H+). The enantiopurity was determined to be 90:10 er by chiral HPLC 

analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 210 nm, 

RT= 32.7 and 68.3 min). 

 

 

(–)-(S)-2-Benzyl-5-(tert-butyl)-3-[4-(trifluoromethyl)benzyl]-1,2,5-thiadiazolidine-

1,1-dioxide (3h). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 4-bromobenzotrifluoride (84 µL, 

0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-

SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 

(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (95 mg, 74%) as a 

colorless solid, mp 139–142 °C: [α]23
D –16.5 (c 8.7, CH2Cl2); 1H NMR (500 MHz, CDCl3) 

δ 7.50 (d, J = 8.1 Hz, 2 H), 7.37–7.28 (m, 5 H), 7.10 (d, J = 8.1 Hz, 2 H), 4.39 (d, J = 

14.7 Hz, 1 H), 4.17 (d, J = 14.7 Hz, 1 H), 3.50–3.43 (m, 1 H), 3.23 (dd, J = 9.0, 6.6 Hz, 1 

H), 3.05–2.99 (m, 2 H), 2.72 (dd, J = 13.4, 9.3 Hz, 1 H), 1.40 (s, 9 H); 13C NMR (125 
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MHz, CDCl3) δ 140.8, 135.7, 129.6, 129.6 (q, J = 65.4 Hz), 129.0, 128.8, 128.2, 125.8 

(q, J = 3.77 Hz), 124.2 (q, J = 271.6 Hz), 56.4, 56.3, 50.8, 45.8, 38.7, 27.6; 19F NMR 

(471 MHz, CDCl3) δ –62.56; IR (neat) 2975, 1314, 1152 cm-1; MS (ESI+) 427.1660 

(427.1662 calcd for C21H25F3N2O2S, M + H+). The enantiopurity was determined to be 

88:12 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 

1.00 mL/min, λ 210 nm, RT= 6.0 and 8.3 min). 

 

 

 

(–)-(S)-2-Benzyl-5-(tert-butyl)-3-(4-fluorobenzyl)-1,2,5-thiadiazolidine-1,1-dioxide 

(3i). The general procedure 2 was employed for the coupling of N-allyl-N’-benzyl-N-tert-

butylsulfamide (85.0 mg, 0.30 mmol) and 1-bromo-4-fluorobenzene (66 µL, 0.60 mmol) 

using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 

mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide (58.0 mg, 0.60 mmol), 

a reaction temperature of 120 °C, and a reaction time of 18 h in 2.4 mL of xylenes. This 

procedure afforded the title compound (81 mg, 72%) as a colorless solid, mp 100–102 

°C: [α]23
D –15.6 (c 7.8, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.41–7.37 (m, 2 H), 7.35 

(t, J = 7.2 Hz, 2 H), 7.31 (d, J = 7.1 Hz, 1 H), 6.97–6.92 (m, 4 H), 4.38 (d, J = 14.7 Hz, 1 

H), 4.18 (d, J = 14.9 Hz, 1 H), 3.45–3.38 (m, 1 H), 3.18 (dd, J = 8.8, 6.6 Hz, 1 H), 3.02 

(dd, J = 8.8, 6.1 Hz, 1 H), 2.94 (dd, J = 13.7, 4.9 Hz, 1 H), 2.62 (dd, J = 13.6, 9.7 Hz, 1 

H), 1.40 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 162.0 (d, J = 246.5 Hz), 135.9, 132.3 (d, 
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J = 2.5 Hz), 130.7 (d, J = 8.8 Hz), 128.9 (d, J = 18.9 Hz), 128.1, 115.9, 115.7, 56.6, 

56.4, 50.4, 45.7, 38.0, 27.5; 19F NMR (471 MHz, CDCl3) δ –115.7; IR (neat) 2974, 1509, 

1315, 1152 cm-1; MS (ESI+) 377.1694 (377.1694 calcd for C20H25FN2O2S, M + H+). The 

enantiopurity was determined to be 90:10 er by chiral HPLC analysis (Chiralcel ODH, 

15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 220 nm, RT= 6.1 and 10.5 min). 

 

 

 

(–)-(S)-2-Benzyl-3-[(1-benzyl-1H-indol-6-yl)methyl]-5-(tert-butyl)-1,2,5-

thiadiazolidine-1,1-dioxide (3j). The general procedure 2 was employed for the 

coupling of N-allyl-N’-benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 1-benzyl-5-

bromo-1H-indole (172.0 mg, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 

mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), 

sodium tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a 

reaction time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound 

(122 mg, 83%) as a colorless solid, mp 158–161 °C: [α]23
D –1.6 (c 8.6, CH2Cl2); 1H NMR 

(500 MHz, CDCl3) δ 7.46 (d, J = 7.8 Hz, 2 H), 7.40–7.34 (m, 2 H), 7.34–7.25 (m, 5 H), 

7.20–7.09 (m, 4 H), 6.79 (d, J = 8.5 Hz, 1 H), 6.49 (d, J = 2.4 Hz, 1 H), 5.31 (s, 2 H), 

4.44 (d, J = 14.9 Hz, 1 H), 4.26 (d, J = 14.9 Hz, 1 H), 3.55–3.48 (m, 1 H), 3.19–3.08 (m, 

3 H), 2.72 (dd, J = 13.3, 10.4 Hz, 1 H), 1.41 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 

137.5, 136.2, 135.5, 129.2, 129.0, 129.0, 128.9, 128.7, 128.0, 127.8, 127.5, 126.9, 

123.0, 121.3, 110.1, 101.5, 57.2, 56.3, 50.4, 50.0, 45.8, 38.7, 27.6; IR (neat) 2974, 
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1314, 1152 cm-1; MS (ESI+) 488.2366 (488.2366 calcd for C29H33N3O2S, M + H+). The 

enantiopurity was determined to be 92:8 er by chiral HPLC analysis (Chiralcel ODH, 15 

cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 220 nm, RT= 31.9 and 74.6 min). 

 

 

(+)-(S)-2-Benzyl-5-(tert-butyl)-3-(2-methylbenzyl)-1,2,5-thiadiazolidine-1,1-dioxide 

(3k). The general procedure 2 was employed for the coupling of N-allyl-N’-benzyl-N-tert-

butylsulfamide (85.0 mg, 0.30 mmol) and 2-bromotoluene (72 µL, 0.60 mmol) using a 

catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 

0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide (58.0 mg, 0.60 mmol), a 

reaction temperature of 120 °C, and a reaction time of 18 h in 2.4 mL of xylenes. This 

procedure afforded the title compound (61 mg, 54%) as a colorless solid, mp 75–78 °C: 

[α]23
D +19.3 (c 4.0, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.44–7.39 (m, 2 H), 7.37–7.32 

(m, 2 H), 7.30 (d, J = 6.8 Hz, 1 H), 7.15–7.07 (m, 3 H), 6.99 (d, J = 6.8 Hz, 1 H), 4.40–

4.34 (m, 1 H), 4.27–4.21 (m, 1 H), 3.51–3.43 (m, 1 H), 3.20–3.14 (m, 1 H), 3.10 (dd, J = 

8.8, 5.9 Hz, 1 H), 3.02 (dd, J = 13.6, 4.5 Hz, 1 H), 2.69 (dd, J = 13.6, 10.1 Hz, 1 H), 2.05 

(s, 3 H), 1.41 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 136.5, 136.0, 134.9, 130.8, 130.2, 

128.9, 128.8, 128.1, 127.3, 126.3, 56.4, 54.9, 50.1, 45.8, 36.1, 27.6, 19.4; IR (neat) 

2977, 1290, 1148 cm-1; MS (ESI+) 373.1946 (373.1944 calcd for C21H28N2O2S, M + H+). 

The enantiopurity was determined to be 68:32 er by chiral HPLC analysis (Chiralcel 

ODH, 15 cm x 4.6 mm, 5% IPA/Hexanes, 1.00 mL/min, λ 225 nm, RT= 6.5 and 7.7 min). 
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(+)-(S)-2-Benzyl-5-(tert-butyl)-3-[2-(trifluoromethyl)benzyl]-1,2,5-thiadiazolidine-

1,1-dioxide (3l). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and 2-bromobenzotrifluoride (82 µL, 

0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and (S)-

SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 

(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (30 mg, 23%) as a yellow 

oil: [α]23
D +18.2 (c 4.1, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 7.8 Hz, 1 H), 

7.48–7.42 (m, 1 H), 7.38–7.32 (m, 1 H), 7.31–7.22 (m, 6 H), 4.33 (d, J = 14.9 Hz, 1 H), 

4.14 (d, J = 14.9 Hz, 1 H), 3.63–3.54 (m, 1 H), 3.28–3.19 (m, 2 H), 3.10 (dd, J = 8.9, 5.7 

Hz, 1 H), 2.91–2.84 (m, 1 H), 1.41 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 135.8, 135.1, 

132.8, 132.0, 128.9, 128.9 (q, J = 28.8 Hz), 128.7, 127.9, 127.3, 126.6 (q, J = 4.4 Hz), 

124.5 (q, J = 273.8 Hz), 56.4, 56.0, 51.3, 46.1, 36.1, 27.6; 19F NMR (471 MHz, CDCl3) 

δ  –59.4; IR (neat) 2978, 1312, 1150, 1113 cm-1; MS (ESI+) 427.1664 (427.1662 calcd 

for C21H25F3N2O2S, M + H+). The enantiopurity was determined to be 62:38 er by chiral 

HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 230 

nm, RT= 3.6 and 5.7 min). 
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(+)-(S,E)-2-Benzyl-5-(tert-butyl)-3-[3-(4-methoxyphenyl)allyl]-1,2,5-thiadiazolidine-

1,1-dioxide (3m). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and (E)-1-(2-bromovinyl)-4-

methoxybenzene (128 mg, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 

0.003 mmol) and (S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), 

sodium tert-butoxide (58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a 

reaction time of 18 h in 2.4 mL of xylenes. This procedure afforded the title compound 

(56 mg, 45%) as a yellow oil: [α]23
D +31.6 (c 4.4, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 

7.43 (d, J = 7.3 Hz, 2 H), 7.37–7.31 (m, 2 H), 7.29 (d, J = 7.3 Hz, 1 H), 7.22 (d, J = 8.6 

Hz, 2 H), 6.83 (d, J = 8.6 Hz, 2 H), 6.31 (d, J = 15.9 Hz, 1 H), 5.84–5.77 (m, 1 H), 4.48 

(d, J = 15.2 Hz, 1 H), 4.13 (d, J = 15.2 Hz, 1 H), 3.80 (s, 3 H), 3.42–3.36 (m, 2 H), 3.15–

3.08 (m, 1 H), 2.51–2.43 (m, 1 H), 2.35–2.27 (m, 1 H), 1.41 (s, 9 H); 13C NMR (125 

MHz, CDCl3) δ 159.4, 136.3, 133.3, 129.8, 128.8, 128.7, 128.0, 127.5, 121.5, 114.2, 

56.4, 55.6, 55.5, 50.2, 45.8, 36.2, 27.5; IR (neat) 2975, 1606, 1510, 1246, 1148 cm-1; 

MS (ESI+) 415.2050 (415.205 calcd for C23H30N2O3S, M + H+). The enantiopurity was 

determined to be 94:6 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% 

IPA/Hexanes, 1.00 mL/min, λ 254 nm, RT= 13.5 and 26.3 min). 
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(+)-(S,E)-2-Benzyl-5-(tert-butyl)-3-[3-(trimethylsilyl)allyl]-1,2,5-thiadiazolidine-1,1-

dioxide (3n). The general procedure 2 was employed for the coupling of N-allyl-N’-

benzyl-N-tert-butylsulfamide (85.0 mg, 0.30 mmol) and (E)-(2-bromovinyl)trimethylsilane 

(92 µL, 0.60 mmol) using a catalyst composed of Pd2(dba)3 (2.8 mg, 0.003 mmol) and 

(S)-SIPHOS-PE (7.6 mg, 0.015 mmol), water (11 µL, 0.60 mmol), sodium tert-butoxide 

(58.0 mg, 0.60 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.4 mL of xylenes. This procedure afforded the title compound (46 mg, 40%) as a yellow 

oil: [α]23
D +22.3 (c 2.1, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 7.1 Hz, 2 H), 

7.36–7.31 (m, 2 H), 7.28 (d, J = 7.3 Hz, 1 H), 5.82–5.67 (m, 2 H), 4.42 (d, J = 15.2 Hz, 1 

H), 4.10 (d, J = 15.2 Hz, 1 H), 3.39–3.30 (m, 2 H), 3.08–3.04 (m, 1 H), 2.43–2.37 (m, 1 

H), 2.28–2.21 (m, 1 H), 1.42 (s, 9 H), 0.02 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 140.1, 

136.3, 135.9, 128.7, 128.7, 127.9, 56.4, 55.0, 50.0, 45.6, 39.6, 27.5, –1.2; IR (neat) 

2954, 1617, 1293, 1247, 1149 cm-1; MS (ESI+) 381.2029 (381.2027 calcd for 

C19H32N2O2SSi, M + H+). The enantiopurity was determined to be 95:5 er by chiral 

HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 220 

nm, RT= 2.9 and 7.5 min). 

 

Deuterium Labeling Studies 

The configuration of deuterated products 9a-d were assigned on the basis of 1D 

NOESY experiments carried out with the all-proteo analogs of these compounds. The 
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key nOe signals are shown below. 

 

The configuration of the deuterated products was then assigned by examining which 

signal was absent from the 1H NMR. 

 

3a	  
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Reaction Sequence for Deuterium Labeled Substrate 

 

 

(Z)-1-(3-d-Allyl)-1-benzyl-3-tert-butylsulfamide (8). The procedure previously described 

3a	  
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by our group for the preparation of (Z)-1-(3-d-Allyl)-1,3-dibenzylsulfamide was used for the 

synthesis of 8.[2,3] A flame dried round bottom flask equipped with a stir bar was cooled 

to rt under a stream of nitrogen and charged with N-(tert-butyl)prop-2-en-1-amine (10.0 

mmol, 1.13 g) and Et2O (20 mL). The resulting solution was cooled to –42 °C using a 

CO2/CH3CN bath and stirred for 5 min. A solution of n-BuLi in hexanes (4.8 mL, 2.5 M, 

12 mmol) was added slowly, and the resulting mixture was stirred at –42 °C for 20 min. 

A solution of t-BuLi in pentanes (13.0 mL, 1.7 M, 22 mmol) was added slowly and the 

resulting solution was stirred at –42 °C for 30 min. The CO2/CH3CN bath was replaced 

with a brine/ice bath, and the reaction mixture was allowed to slowly warm to rt as the 

ice melted. The bath was removed and the mixture was stirred at rt for 1 h. The reaction 

mixture was then cooled to –78 °C, and D2O (3.6 mL, 200 mmol) was added dropwise. 

The resulting mixture was warmed to rt and stirred overnight. The reaction mixture was 

cooled to 0 °C, quenched with H2O (15 mL) and transferred to a separatory funnel. The 

mixture was extracted with Et2O (3 x 10 mL). The combined organic layers were dried 

with anhydrous Na2SO4, filtered, and concentrated in vacuo to yield crude (Z)-N-(tert-

butyl)prop-2-en-3-d-1-amine. 

A flame dried two necked flask equipped with stir bar and condenser was then 

charged with N-benzyl-2-oxooxazolidine-3-sulfonamide (2.56 g, 10 mmol), 4-

dimethylaminopyridine (244 mg, 2 mmol), acetonitrile (50mL) and Et3N (4.2 mL, 30 

mmol). The reaction vessel was placed in an oil bath at 80 ºC and the mixture was 

stirred for 15 min. Neat (Z)-N-(tert-butyl)prop-2-en-3-d-1-amine was added, and the 

resulting mixture was stirred at 80 °C for ca. 6 h. The mixture was cooled to rt, and the 

solvent was removed under reduced pressure. The resulting crude product was purified 
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by flash chromatography on silica gel using hexanes/ethyl acetate as eluant to yield 770 

mg (27%) of a yellow solid, mp 73–75 °C: 1H NMR (500 MHz, CDCl3) δ 7.44–7.28 (m, 5 

H), 6.01–5.91 (m, 1 H), 5.12 (d, J = 10.3 Hz, 1 H), 4.27–4.19 (m, 1 H), 4.15 (d, J = 6.1 

Hz, 2 H), 3.96 (dd, J = 6.0, 1.1 Hz, 2 H), 1.47 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 

137.4, 136.9, 128.9, 128.3, 128.1, 116.5 (t, J = 23.9 Hz), 59.4, 49.5, 47.5, 29.9; IR 

(neat) 3328, 2970, 1317, 1137 cm-1; MS (ESI+) 306.1358 (306.1357 calcd for 

C14H21DN2O2S, M + Na+).  

 

 

(–)-(1’R,3S)-2-Benzyl-5-(tert-butyl)-3-{[4-(tert-butyl)phenyl]methyl-d}-1,2,5-

thiadiazolidine-1,1-dioxide (9a). The general procedure 2 was employed for the 

coupling of (Z)-1-(3-d-allyl)-1-benzyl-3-tert-butylsulfamide (71.0 mg, 0.25 mmol) and 1-

bromo-4-tert-butylbenzene (87 µL, 0.50 mmol) using a catalyst composed of Pd2(dba)3 

(2.3 mg, 0.0025 mmol) and (S)-SIPHOS-PE (6.3 mg, 0.0125 mmol), sodium tert-

butoxide (48.0 mg, 0.50 mmol), a reaction temperature of 120 °C, and a reaction time of 

18 h in 2.0 mL of xylenes. This procedure afforded the title compound (60 mg, 58%) as 

a colorless solid, mp 86–90 °C: [α]23
D –2.4 (c 5.4, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 

7.43–7.40 (m, 2 H), 7.36 (t, J = 7.3 Hz, 2 H), 7.33–7.25 (m, 3 H), 6.92 (d, J = 8.1 Hz, 2 

H), 4.39 (d, J = 14.9 Hz, 1 H), 4.22 (d, J = 14.9 Hz, 1 H), 3.44 (d, J = 10.0 Hz, 1 H), 3.20 

(dd, J = 8.8, 6.6 Hz, 1 H), 3.08 (dd, J = 8.8, 6.1 Hz, 1 H), 2.98–2.91 (m, 0.06 H), 2.61 (d, 

J = 10.0 Hz, 1 H), 1.41 (s, 9 H), 1.30 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 150.0, 
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136.0, 133.5, 129.0, 128.9, 128.7, 128.0, 125.8, 56.5, 56.3, 50.0, 45.8, 37.7 (t, J = 20.0 

Hz), 34.6, 31.5, 27.6; IR (neat) 2971, 1325, 1151 cm-1; MS (ESI+) 416.2478 (416.2477 

calcd for C24H33DN2O2S, M + H+). The diastereoselectivity was determined to be 17:1 by 

comparing the products obtained from separate reactions of the deuterated and non-

deuterated substrates. The enantiopurity was determined to be 94:6 er by chiral HPLC 

analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, λ 205 nm, 

RT= 4.1 and 5.0 min). 

2c	  
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(–)-(1’R,3S)-2-Benzyl-5-(tert-butyl)-3-(-phenylmethyl-d)-1,2,5-thiadiazolidine-1,1-

dioxide (9b). The general procedure 2 was employed for the coupling of (Z)-1-(3-d-

allyl)-1-benzyl-3-tert-butylsulfamide (71.0 mg, 0.25 mmol) and bromobenzene (53 µL, 

0.50 mmol) using a catalyst composed of Pd2(dba)3 (2.3 mg, 0.0025 mmol) and (S)-

SIPHOS-PE (6.3 mg, 0.0125 mmol), sodium tert-butoxide (48.0 mg, 0.50 mmol), a 

reaction temperature of 120 °C, and a reaction time of 18 h in 2.0 mL of xylenes. This 

procedure afforded the title compound (60 mg, 67%) as a colorless solid, mp 108–111 

9a	  
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°C: [α]23
D –10.0 (c 4.7, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.45–7.40 (m, 2 H), 7.36 

(t, J = 7.5 Hz, 2 H), 7.33–7.19 (m, 4 H), 7.00 (d, J = 7.8 Hz, 2 H), 4.39 (d, J = 14.9 Hz, 1 

H), 4.21 (d, J = 14.9 Hz, 1 H), 3.48–3.41 (m, 1 H), 3.16 (dd, J = 8.4, 6.7 Hz, 1 H), 3.05 

(dd, J = 8.7, 6.5 Hz, 1 H), 3.02–2.95 (m, 0.12 H), 2.62 (d, J = 10.0 Hz, 1 H), 1.40 (s, 9 

H); 13C NMR (125 MHz, CDCl3) δ 136.6, 136.0, 129.2, 129.0, 128.9, 128.8, 128.1, 

127.1, 56.6, 56.4, 50.1, 45.7, 38.4 (t, J = 21.0 Hz), 27.6; IR (neat) 2976, 1325, 1153 cm-

1; MS (ESI+) 360.1852 (360.1851 calcd for C20H25DN2O2S, M + Na+). The 

diastereoselectivity was determined to be 8:1 by comparing the products obtained from 

separate reactions of the deuterated and non-deuterated substrates. The enantiopurity 

was determined to be 95:5 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 

4% IPA/Hexanes, 0.500 mL/min, λ 210 nm, RT= 18.7 and 20.6 min). 

3a	  
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(+)-(1’R,3S)-3-[(1,1'-Biphenyl)-4-ylmethyl-d]-2-benzyl-5-(tert-butyl)-1,2,5-

thiadiazolidine 1,1-dioxide (9c). The general procedure 2 was employed for the 

coupling of (Z)-1-(3-d-allyl)-1-benzyl-3-tert-butylsulfamide (71.0 mg, 0.25 mmol) and 4-

bromobiphenyl (117 mg, 0.50 mmol) using a catalyst composed of Pd2(dba)3 (2.3 mg, 

0.0025 mmol) and (S)-SIPHOS-PE (6.3 mg, 0.0125 mmol), sodium tert-butoxide (48.0 

mg, 0.50 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 2.0 mL 

of xylenes. This procedure afforded the title compound (71 mg, 65%) as a yellow solid, 

9b	  
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mp 116–121 °C: [α]23
D +0.2 (c 5.7, CH2Cl2); 1H NMR (500 MHz, CDCl3) δ 7.58–7.53 (m, 

2 H), 7.51–7.47 (m, 2 H), 7.46–7.40 (m, 4 H), 7.40–7.29 (m, 4 H), 7.09–7.04 (m, 2 H), 

4.42 (d, J = 14.9 Hz, 1 H), 4.23 (d, J = 14.9 Hz, 1 H), 3.52–3.45 (m, 1 H), 3.23 (dd, J = 

8.8, 6.6 Hz, 1 H), 3.12–3.07 (m, 1 H), 3.06–2.99 (m, 0.11 H), 2.67 (d, J = 9.8 Hz, 1 H), 

1.42 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 140.7, 140.0, 136.0, 135.6, 129.6, 129.0, 

128.8, 128.1, 127.6, 127.5, 127.1, 56.6, 56.4, 50.3, 45.8, 38.0 (t, J = 20.0 Hz), 27.6, 1 

carbon signal is missing due to incidental equivalence; IR (neat) 2974, 1488, 1320, 

1151 cm-1; MS (ESI+) 436.2162 (436.2164 calcd for C26H29DN2O2S, M + H+). The 

diastereoselectivity was determined to be 9:1 by comparing the products obtained from 

separate reactions of the deuterated and non-deuterated substrates. The enantiopurity 

was determined to be 92:8 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 

7% IPA/Hexanes, 1.00 mL/min, λ 254 nm, RT= 14.6 and 24.0 min). 
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9c	  

3b	  
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(–)-(1’R,3S)-2-Benzyl-5-(tert-butyl)-3-{[4-(trifluoromethyl)phenyl]methyl-d}-1,2,5-

thiadiazolidine-1,1-dioxide (9d). The general procedure 2 was employed for the 

coupling of (Z)-1-(3-d-allyl)-1-benzyl-3-tert-butylsulfamide (71.0 mg, 0.25 mmol) and 4-

bromobenzotrifluoride (70 µL, 0.50 mmol) using a catalyst composed of Pd2(dba)3 (2.3 

mg, 0.0025 mmol) and (S)-SIPHOS-PE (6.3 mg, 0.0125 mmol), sodium tert-butoxide 

(48.0 mg, 0.50 mmol), a reaction temperature of 120 °C, and a reaction time of 18 h in 

2.0 mL of xylenes. This procedure afforded the title compound (60.0 mg, 56%) as a 

colorless solid, mp 128–132 °C: [α]23
D –16.6 (c 5.6, CH2Cl2); 1H NMR (500 MHz, CDCl3) 

δ 7.50 (d, J = 8.1 Hz, 2 H), 7.39–7.28 (m, 4 H), 7.09 (d, J = 7.8 Hz, 2 H), 4.39 (d, J = 

14.7 Hz, 1 H), 4.16 (d, J = 14.9 Hz, 1 H), 3.46 (d, J = 9.0 Hz, 1 H), 3.23 (dd, J = 8.8, 6.6 

Hz, 1 H), 3.03 (dd, J = 8.9, 5.7 Hz, 1 H), 2.70 (d, J = 9.3 Hz, 1 H), 1.40 (s, 9 H); 1H NMR 

(500 MHz, C6D6) δ 7.13–7.21 (m, 4 H), 6.99–7.09 (m, 3 H), 6.57 (d, J = 8.1 Hz, 2 H), 

4.28 (d, J = 14.9 Hz, 1 H), 3.91–3.97(d, J = 14.9 Hz, 1 H), 3.02–3.10 (m, 1 H), 2.76 (dd, 

J = 8.8, 6.8 Hz, 1 H), 2.64–2.70 (m, 0.15 H), 2.61 (dd, J = 8.8, 5.6 Hz, 1 H), 2.30 (d, J = 

8.8 Hz, 1 H), 1.24 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 140.8, 135.7, 129.6, 129.4, 

129.0, 128.8, 128.2, 125.8 (q, J = 3.90 Hz), 124.2 (q, J = 272.8 Hz), 56.5, 56.2, 50.8, 

45.8, 38.4 (t, J = 19.1 Hz), 27.6; IR (neat) 2972, 1322, 1124 cm-1; MS (ESI+) 428.1723 

(428.1724 calcd for C21H24DF3N2O2S, M + H+). The diastereoselectivity was determined 

to be 7:1 by comparing the products obtained from separate reactions of the deuterated 

and non-deuterated substrates. The enantiopurity was determined to be 88:12 er by 



S40	  
	  

chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.00 mL/min, 

λ 210 nm, RT= 6.0 and 8.3 min). When the reaction was conducted in the presence of 

water (2 equivalents), the desired product 9d was obtained with 78% yield 5:1 dr and 

89:11 er. 

3h	  
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+	  H2O	  (2	  equiv.)	  

9d	  

9d	  
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Determination of absolute configuration: 

The absolute configuration of the cyclic sulfamide products were assigned by preparing 

an authentic sample of 3a from L-phenylalanine methyl ester hydrochloride as 

described below. The optical rotation of S1 was of the same sign (–) as that of the 

separate authentic sample prepared from L-phenylalanine methyl ester hydrochloride.  

 

Reaction Sequence for Authentic Sample 

 

(–)-(S)-2,3-Dibenzyl-5-(tert-butyl)-1,2,5-thiadiazolidine 1,1-dioxide (S1): A 250 mL 

round bottomed flask equipped with stir bar was flame dried, back filled with nitrogen, 

and then charged with methyl benzyl-L-phenylalaninate[4] (8.4 mmol, 2.3 g). Anhydrous 

ether (25 mL) was added, and the reaction mixture was cooled to 0 °C. Lithium 

aluminum hydride (25 mL of a 1 M solution in ether) was added dropwise then the 

reaction was warmed to rt and stirred at rt for 24 h. The mixture was then cooled to 0 

°C, water (1 mL) was added dropwise followed by sodium hydroxide (1.3 mL of 3 M 

solution), and additional water (3 mL). The resulting mixture was filtered through celite 
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and concentrated to afford (S)-2-(benzylamino)-3-phenylpropan-1-ol as a white solid 

that was carried onto the next step. 

The sulfonylation was performed using a modification of the procedure described 

by Wolfe and co-workers.2 A 100 mL 2-necked round bottom flask equipped with a stir 

bar, condenser and septum was flame dried and charged with N-(tert-butyl)-2-

oxooxazolidine-3-sulfonamide (890 mg, 4 mmol) and 4-dimethylaminopyridine (100 mg, 

0.8 mmol). Anhydrous acetonitrile (20 mL) and triethylamine (1.7 mL, 12 mmol) were 

added and the resulting mixture was heated to 80 °C with stirring for 15 min. A solution 

of (S)-2-(benzylamino)-3-phenylpropan-1-ol (1.0 g, 4 mmol) in anhydrous acetonitrile (5 

mL) was added dropwise, and the mixture was stirred at 80 °C for 6 h. The mixture was 

then cooled to rt, the solvent was removed under reduced pressure, and the crude 

product was purified by flash chromatography on silica gel to afford 130 mg (9%): 1H 

NMR (400 MHz, CDCl3) δ 7.44 (d, J = 6.8 Hz, 2 H), 7.35–7.15 (m, 6 H), 7.06 (d, J = 6.8 

Hz, 2 H), 4.41 (s, 2 H), 4.19–4.10 (m, 1 H), 3.99 (s, 1 H), 3.73–3.65 (m, 1 H), 3.53 (d, J 

= 4.1 Hz, 1 H), 2.83 (d, J = 6.5 Hz, 1 H), 2.62 (dd, J = 14.0, 8.5 Hz, 1 H), 1.88 (t, J = 5.5 

Hz, 1 H), 1.27 (s, 9 H). 

A 10 mL flame-dried round bottom flask equipped with a stir bar was cooled 

under a stream of nitrogen and charged with the sulfamide prepared above (130.0 mg, 

0.35 mmol) and THF (3 mL). The solution was cooled to -10 °C in a brine/ice bath then 

potassium tert-butoxide (80.0 mg, 0.70 mmol) was added in one portion, and the 

resulting mixture was stirred at –10 °C for 5 min. A solution of tosyl chloride (73.0 mg, 

0.39 mmol) THF (1.3 mL) was then added dropwise and the mixture was stirred at –10 

°C for 10 min at which time TLC analysis indicated the starting material had been 
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completely consumed. The mixture was warmed to rt, quenched with 5 mL water, and 

extracted with ether (2 x 5 mL). The organic layers were combined, filtered through a 

plug of celite, and the solvent was removed under reduced pressure. The crude product 

was purified by flash chromatography on silica gel using hexanes/ethyl acetate as 

eluant. This procedure afforded the title compound (91.0 mg, 73 %) as a colorless solid. 

[α]23
D –10.7 (c 8.4, CHCl3); The spectroscopic properties of this compound were 

identical to that of compound 3a. The enantiopurity was determined to be >99:1 er by 

chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 4.0% IPA/Hexanes, 0.5 mL/min, 

λ 210 nm, RT= 18.4 and 20.7 min). 

 

Deprotection Methods: 

Cleavage of N-tert-butyl group 

 

(–)-(S)-2,3-Dibenzyl-1,2,5-thiadiazolidine-1,1-dioxide (6). A round bottom flask 

equipped with a stirbar and a septum was charged with 3a (55.2 mg, 0.15 mmol), 

hexanes (1.0 mL) and trifluoroacetic acid (0.75 mL). The resulting mixture was stirred at 

rt for 24 h, and then the solvent was removed under reduced pressure. The crude 

material was purified by flash chromatography on silica gel to afford the title compound 

(44.0 mg, 98%) as a colorless solid, mp 69–73 °C: [α]23
D –9.1 (c 3.9, CH2Cl2); 1H NMR 

(500 MHz, CDCl3) δ 7.44–7.21 (m, 8 H), 7.07–7.02 (m, 2 H), 4.35–4.25 (m, 2 H), 4.22 (t, 

J = 7.5 Hz, 1 H), 3.62 (ddt, J = 8.8, 6.7, 4.6 Hz, 1 H), 3.35 (ddd, J = 11.9, 7.9, 6.6 Hz, 1 

H), 3.19 (ddd, J = 11.7, 7.2, 4.3 Hz, 1 H), 2.87 (dd, J = 13.6, 5.0 Hz, 1 H), 2.62 (dd, J = 
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13.6, 8.7 Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ 136.1, 135.7, 129.4, 129.1, 129.0, 

128.9, 128.4, 127.3, 61.6, 49.8, 45.1, 39.3; IR (neat) 3302, 2921, 1287, 1145 cm-1; MS 

(ESI+) 303.1161 (303.1162 calcd for C16H18N2O2S, M + H+). The enantiopurity was 

determined to be 6:94 er by chiral HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% 

IPA/Hexanes, 0.5 mL/min, λ 210 nm, RT= 51.5 and 54.9 min). 

 

Cleavage of N-tert-butyl group and sulfonyl group 

 

(+)-(S)-3-([1,1'-Biphenyl]-4-yl)-N2-benzylpropane-1,2-diamine (7). A 10 mL round 

bottom flask equipped with a reflux condenser and a stir bar was charged with (S)-3-

([1,1'-biphenyl]-4-ylmethyl)-2-benzyl-5-(tert-butyl)-1,2,5-thiadiazolidine-1,1-dioxide (74.1 

mg, 0.17 mmol) and phenol (50.0 mg, 0.53 mmol). Aqueous 2 M hydrobromic acid (2 

mL, 4 mmol) was added, the reaction mixture was heated at 130 °C for 24 h, then was 

cooled to rt. The mixture was diluted with water (5 mL) and ether (5 mL) then solid 

sodium hydroxide (~2.3 g) was added until the mixture reached pH ≥ 10. The layers 

were separated, and the aqueous layer was extracted with ether (3 x 5 mL). The 

combined organic layers were dried with sodium sulfate, and then passed through a 

plug of celite. The solvent was removed under reduced pressure to afford the title 

compound (46 mg, 85%) as a yellow oil: [α]23
D +1.6 (c 4.4, CH2Cl2); 1H NMR (500 MHz, 

CDCl3) δ 7.61–7.55 (m, 2 H), 7.52 (d, J = 8.2 Hz, 2 H), 7.43 (t, J = 7.6 Hz, 2 H), 7.36–

7.19 (m, 8 H), 3.86–3.77 (m, 2 H), 2.90–2.79 (m, 3 H), 2.78–2.69 (m, 1 H), 2.63–2.54 

(m, 1 H), 1.53–1.38 (m, 3 H); 13C NMR (125 MHz, CDCl3) δ 141.1, 140.8, 139.3, 138.4, 
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129.8, 128.9, 128.5, 128.2, 127.3, 127.3, 127.1, 127.0, 60.5, 51.5, 44.6, 38.7; IR (neat) 

3292, 3025, 1486, 1451, 696 cm-1; MS (ESI+) 317.2015 (317.2012 calcd for C22H24N2, 

M + H+). The enantiopurity was determined by further elaborating diamine 7 to urea S2 

by reaction with CDI as outlined below.  

 

 

(+)-(S)-5-([1,1'-Biphenyl]-4-ylmethyl)-1-benzylimidazolidin-2-one (S2). A flame-dried 

round bottom flask equipped with a stirbar and reflux condenser was charged with 7 (46 

mg, 0.15 mmol) and THF (1 mL). A solution of 1,1'-carbonyldiimidazole (35 mg, 0.22 

mmol) THF (1 mL) was added the resulting mixture was heated to reflux with stirring for 

24 h. The mixture was then cooled to rt and the solvent was removed under reduced 

pressure. The crude product was purified by flash chromatography on silica gel using 

dichloromethane/methanol as eluant to afford the title compound (46 mg, 89%) as a 

colorless solid, mp 110–114 °C: [α]23
D +29.4 (c 3.6, CH2Cl2); 1H NMR (400 MHz, CDCl3) 

δ 7.57–7.51 (m, 2 H), 7.48 (d, J = 8.2 Hz, 2 H), 7.45–7.39 (m, 2 H), 7.37–7.25 (m, 6 H), 

7.10 (d, J = 8.2 Hz, 2 H), 4.99 (s, br, 1 H), 4.87 (d, J = 15.3 Hz, 1 H), 4.09 (d, J = 15.5 

Hz, 1 H), 3.74 (tdd, J = 8.8, 6.9, 4.5 Hz, 1 H), 3.28 (t, J = 8.6 Hz, 1 H), 3.18–3.05 (m, 2 

H), 2.65 (dd, J = 13.5, 9.2 Hz, 1 H); 13C NMR (101 MHz, CDCl3) δ 162.5, 140.8, 139.9, 

137.3, 135.9, 129.7, 128.9, 128.8, 128.3, 127.7, 127.5, 127.5, 127.1, 56.0, 45.5, 43.8, 

38.4; IR (neat) 3215, 1690, 1486, 1487, 1449 cm-1; MS (ESI+) 343.1804 (343.1805 

calcd for C23H22N2O, M + H+). The enantiopurity was determined to be 94:6 er by chiral 
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HPLC analysis (Chiralcel ODH, 15 cm x 4.6 mm, 7% IPA/Hexanes, 1.0 mL/min, λ 254 

nm, RT= 26.7 and 49.0 min). 
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