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1. General 
Commercially available reagents were used without further purification. Solvents were treated 

prior to use according to the standard methods. 1H NMR and 13C NMR spectra were recorded at 

room temperature in CDCl3 or DMSO on 400 MHz instrument with tetramethylsilane (TMS) as 

internal standard. Enantiomeric excess was determined by HPLC analysis, using chiral column 

described below in detail. Optical rotations were measured by polarimeter. Flash column chromate- 

graphy was performed on silica gel (200-300 mesh). All reactions were monitored by TLC analysis. 

The chiral thiourea and squaramide organocatalysts were prepared according to the known 

methods.[1] 

2. General Procedure for Synthesis of Azadienes 1 
Heterocyclic enones 7 could be conveniently synthesized according to the known literature 

procedures.[2] Among them, 7a-l and 7n-p[2-4] are the known compounds. 

 
Aluminium oxide (65.0 g, activated, basic) was added to a solution of ketone 6 (20 mmol) and 

aldehydes (40 mmol) in dichloromethane (80 mL). The mixture was thoroughly stirred at room 

temperature under exclusion of light. The progress of the reaction was monitored by TLC analysis. 

The suspension was filtered off, the residue washed with dichloromethane, and the washes were 

combined with the filtrate. The solvent was evaporated in vacuo. The residue was purified by flash 

chromatography on silica gel and recrystallized from ethyl acetate/hexanes to give pure enones 7. 

Azadienes could be conveniently synthesized according to the known literature procedures.[5] 

Among them, 1a-e, 1h-k and 1n [5-6] are the known compounds. 

 

Heterocyclic enones 7 (5.0 mmol) and sulfamides (5.0 mmol) were added in a round bottom flask 

under N2 in toluene (50 mL) and cooled to 0 oC. Triethylamine (10.0 mmol) and TiCl4 (5.0 mmol) 

were then successively added. The reaction mixture was heated for reflux under nitrogen overnight. 

The solution was then cooled to room temperature, quenched with water and extracted with 

dichloromethane. The combined organic phase was dried over sodium sulfate and concentrated. The 

residue was purified by flash chromatography on silica gel and recrystallized from ethyl acetate/ 

hexanes to give pure azadienes 1. 

N-tosylimine 1q could be synthesized according to the known literature procedures.[7] 

(Z)-2-(4-(tert-Butyl)benzylidene)-6-methylbenzofuran-3(2H)-one (7m): 3.5 mmol scale, 70% 

yield, pale yellow solid, new compound, mp = 110-112 C, Rf = 0.60 (hexanes/ethyl acetate = 10/1); 
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.3 Hz, 2H), 7.67 (d, J = 7.8 Hz, 1H), 

7.48 (d, J = 8.3 Hz, 2H), 7.11 (s, 1H), 7.01 (d, J = 7.8 Hz, 1H), 6.86 (s, 1H), 2.48 (s, 

3H), 1.35 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 184.5, 166.7, 153.5, 149.0, 147.2, 

131.4, 129.7, 126.0, 124.9, 124.4, 119.5, 113.2, 112.8, 35.1, 31.3, 22.8; HRMS (ESI) 

m/z Calculated for C20H21O2 [M+H]+ 293.1536, found 293.1538. 
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N-((E)-2-((Z)-4-Isopropylbenzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonami

de (1f): 3.0 mmol scale, 45% yield, new compound, yellow solid, mp = 123-124 C, Rf = 0.65 

(hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 8.77 (d, J = 8.0 Hz, 

1H), 8.00 (d, J = 8.2 Hz, 2H), 7.82 (d, J = 8.2 Hz, 2H), 7.71-7.60 (m, 1H), 7.37 (d, 

J = 8.1 Hz, 2H), 7.33-7.23 (m, 4H), 7.11 (s, 1H), 3.00-2.86 (m, 1H), 2.46 (s, 3H), 

1.26 (d, J = 6.9 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 165.2, 164.8, 152.0, 

149.3, 143.4, 139.2, 137.6, 132.0, 131.1, 130.1, 129.6, 127.3, 127.1, 123.8, 118.6, 

116.3, 112.4, 34.3, 23.8, 21.7. HRMS (ESI) m/z Calculated for C25H24NO3S [M+H]+ 418.1471, found 

418.1470. 

N-((E)-2-((Z)-4-(tert-butyl)benzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfona

mide (1g): 3.0 mmol scale, 37% yield, new compound, yellow solid, mp = 171-173 C, Rf = 0.65 

(hexanes/ethyl acetate = 5/1). 1H NMR (400 MHz, CDCl3) δ 8.78 (d, J = 8.0 Hz, 

1H), 8.00 (d, J = 8.2 Hz, 2H), 7.82 (d, J = 8.4 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 

7.45 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.3 Hz, 1H), 7.26 (t, 

J = 7.9 Hz, 1H), 7.12 (s, 1H), 2.46 (s, 3H), 1.33 (s, 9H); 13C NMR (101 MHz, 

CDCl3) δ 165.2, 164.8, 154.2, 149.4, 143.4, 139.2, 137.6, 131.8, 131.1, 129.7, 

129.6, 127.1, 126.1, 123.8, 118.5, 116.2, 112.4, 35.1, 31.2, 21.7. HRMS (ESI) m/z Calculated for 

C26H26NO3S [M+H]+ 432.1628, found 432.1628. 

N-((E)-2-((Z)-3-Bromobenzylidene)benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonamide 

(1l): 43% yield, new compound, yellow solid, mp = 183-185 C, Rf = 0.50 (hexanes/ethyl acetate = 

3/1); 1H NMR (400 MHz, CDCl3) δ 8.76 (d, J = 7.8 Hz, 1H), 8.00-7.98 (m, 

3H), 7.75 (d, J = 7.7 Hz, 1H), 7.68 (t, J = 7.6 Hz, 1H), 7.47 (d, J = 7.8 Hz, 

1H), 7.37 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.4 Hz, 1H), 7.30-7.25 (m, 2H), 

6.95 (s, 1H), 2.46 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 165.0, 164.8, 150.3, 

143.7, 138.8, 138.0, 134.4, 134.0, 133.0, 131.2, 130.4, 130.1, 129.6, 127.2, 

124.1, 123.1, 118.2, 113.4, 112.5, 21.8; HRMS (ESI) m/z Calculated for C22H17BrNO3S [M+H]+ 

454.0107, found 454.0107. 

N-((E)-2-((Z)-4-(tert-Butyl)benzylidene)-6-methylbenzofuran-3(2H)-ylidene)-4-methylbenzen

esulfonamide (1m): 2.0 mmol scale, 17% yield, new compound, yellow solid, mp = 226-228 C, Rf 

= 0.60 (hexanes/ethyl acetate = 5/1). 1H NMR (400 MHz, CDCl3) δ 8.63 (d, J 

= 8.3 Hz, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 

8.5 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.11-7.06 (m, 3H), 2.50 (s, 3H), 2.46 (s, 

3H), 1.34 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 165.4, 164.9, 153.9, 150.1, 

149.8, 143.2, 139.3, 131.6, 130.6, 129.8, 129.4, 127.0, 126.0, 125.2, 116.2, 

115.6, 112.4, 35.0, 31.1, 22.7, 21.6. HRMS (ESI) m/z Calculated for C27H28NO3S [M+H]+ 446.1784, 

found 446.1779. 

N-((E)-2-((Z)-Benzylidene)benzofuran-3(2H)-ylidene)-4-nitrobenzenesulfonamide (1o): 3.0 

mmol scale, 21% yield, new compound, yellow solid, mp = 197-199 C, Rf = 0.75 (hexanes/ethyl 

acetate = 3/1); 1H NMR (400 MHz, CDCl3) δ 8.69 (d, J = 8.0 Hz, 1H), 

8.46-8.37 (m, 2H), 8.34-8.24 (m, 2H), 7.91-7.88 (m, 2H), 7.76-7.70 (m, 1H), 

7.49-7.39 (m, 3H), 7.36 (d, J = 8.4 Hz, 1H), 7.34-7.29 (m, 1H), 7.12 (s, 1H); 13C 

NMR (101 MHz, CDCl3) δ 166.2, 165.1, 150.1, 149.5, 147.5, 138.5, 132.1, 132.1, 

131.0, 130.8, 129.2, 128.5, 124.3, 124.2, 118.4, 117.4, 112.7; HRMS (ESI) m/z 

Calculated for C21H15N2O5S [M+H]+ 407.0696, found 407.0696. 
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N-((E)-2-((Z)-Benzylidene)benzo[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide 

(1p): 2.5 mmol scale, 21% yield, new compound, red solid, mp = 160-162 C, Rf = 0.35 (hexanes/ 

ethyl acetate = 7/1); 1H NMR (400 MHz, CDCl3) δ 8.94 (d, J = 8.2 Hz, 1H), 8.17 (s, 

1H), 8.01 (d, J = 8.3 Hz, 2H), 7.65 (d, J = 7.3 Hz, 2H), 7.61-7.54 (m, 1H), 7.50-7.32 

(m, 7H), 2.48 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.5, 147.6, 143.2, 140.1, 136.1, 

135.5, 134.6, 132.7, 132.3, 131.3, 130.6, 129.6, 129.2, 128.7, 126.8, 126.0, 123.5, 21.8; 

HRMS (ESI) m/z Calculated for C22H18NO2S2 [M+H]+ 392.0773, found 392.0776. 

3. General Procedure for Hydrophosphonylation of Azadienes 1 

 
To a solution of azadienes 1 (0.15 mmol), sodium carbonate (7.9 mg, 0.075 mmol) and quinine 

(2.4 mg, 7.5 µmol) in toluene (1.0 mL), phosphorus nucleophiles 2 (0.45 mmol) was added at -20 °C 

and stirred for 1-8 days. Water was added to the reaction mixture, and aqueous layer was extracted 

with dichloromethane. The combined organic extracts were dried over sodium sulfate, filtered, and 

concentrated under reduced pressure to give the crude product, followed by purification with 

chromatography using hexanes/ethyl acetate as eluent to give the chiral products 3. 

(S)-(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phospho

nate (3aa): 89 mg, 97% yield, 91% ee, []20
D = -50.00 (c 0.89, CHCl3), new compound, white solid, 

m.p. = 91-92 oC, Rf = 0.20 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 7.55-7.53 (m, 

3H), 7.43-7.40 (m, 2H), 7.33-7.31 (m, 4H), 7.26 (d, J = 7.9 Hz, 1H), 7.21-7.16 

(m, 3H), 7.14-7.03 (m, 5H), 7.00 (d, J = 8.2 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 

6.83 (d, J = 8.4 Hz, 2H), 4.82 (d, J = 26.8 Hz, 1H), 2.31 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 153.6 (d, J = 1.0 Hz), 150.2 (d, J = 9.9 Hz), 150.1 (d, J = 

9.4 Hz), 146.4 (d, J = 11.9 Hz), 143.7, 136.7, 131.3 (d, J = 6.8 Hz), 130.3 (d, J = 7.1 Hz), 129.7, 129.6, 

129.6, 128.6 (d, J = 1.8 Hz), 128.1 (d, J = 2.5 Hz), 127.4, 125.7 (d, J = 2.6 Hz), 125.4, 125.3, 124.9, 123.3, 

120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.3 Hz), 119.9, 116.1 (d, J = 10.1 Hz), 111.5, 43.1 (d, J = 139.4 Hz), 

21.5; 13C DEPT-45o NMR (101 MHz, CDCl3) δ 130.3 (d, J = 7.1 Hz), 129.7, 129.6, 129.6, 128.6 (d, J = 

1.8 Hz), 128.2 (d, J = 2.6 Hz), 127.4, 125.4, 125.3, 124.9, 123.3, 120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.3 

Hz), 119.9, 111.5, 43.1 (d, J = 139.4 Hz), 21.5; 31P NMR (162 MHz, CDCl3) δ 14.2. HPLC: Chiralcel IC 

column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 14.3 min 

and 15.5 min (maj). HRMS Calculated for C34H29NO6PS [M+H]+ 610.1448, found 610.1449. 

(Z)-Diphenyl(2-benzylidene-3-((4-methylphenyl)sulfonamido)-2,3-dihydrobenzofuran-3-yl)p

hosphonate (4aa): new compound, white solid, m.p. = 190-191 oC, Rf = 0.25 (hexanes/ethyl acetate 

= 3/1). 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 7.7 Hz, 1H), 7.43-7.35 (m, 3H), 7.34-7.06 (m, 12H), 

7.04-6.98 (m, 4H), 6.93 (d, J = 8.1 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.33-6.32 (m, 

1H), 5.90 (d, J = 5.7 Hz, 1H), 2.15 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 158.2 

(d, J = 8.2 Hz), 150.2 (d, J = 10.1 Hz), 150.1 (d, J = 9.7 Hz), 149.4 (d, J = 2.0 Hz), 

143.8 (s), 138.0 (d, J = 1.8 Hz), 133.7 (d, J = 4.7 Hz), 131.4 (d, J = 2.9 Hz), 129.8 

(d, J = 0.6 Hz), 129.6, 129.3, 128.9 (d, J = 1.8 Hz), 128.2 (d, J = 3.5 Hz), 128.1, 127.5, 127.0 (d, J = 0.9 

Hz), 125.7 (d, J = 0.8 Hz), 125.6 (d, J = 0.9 Hz), 122.4 (d, J = 2.9 Hz), 120.5 (d, J = 4.1 Hz), 120.3 (d, J = 

4.2 Hz), 120.0 (d, J = 8.7 Hz), 110.3 (d, J = 2.0 Hz), 108.2 (d, J = 8.6 Hz), 65.9 (d, J = 171.5 Hz), 21.4; 
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13C DEPT-45o NMR (101 MHz, CDCl3) δ 131.4 (d, J = 2.9 Hz), 129.8 (d, J = 0.8 Hz), 129.6 (d, J = 0.5 

Hz), 129.3, 128.9 (d, J = 1.8 Hz), 128.2 (d, J = 3.5 Hz), 128.1, 127.5, 127.0 (d, J = 0.9 Hz), 125.7 (d, J = 

0.9 Hz), 125.6 (d, J = 0.8 Hz), 122.4 (d, J = 2.9 Hz), 120.5 (d, J = 4.1 Hz), 120.3 (d, J = 4.2 Hz), 110.3 (d, 

J = 2.0 Hz), 108.2 (d, J = 8.6 Hz), 21.4; 31P NMR (162 MHz, CDCl3) δ 6.2. HRMS Calculated for 

C34H32N2O6PS [M+NH4]
+ 627.1713, found 627.1711. 

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(o-tolyl)methyl)phosphonate 

(3ba): 89 mg, 95% yield, 92% ee, []20
D = -11.98 (c 0.86, CHCl3), new compound, white solid, m.p. 

= 202-203 oC, Rf = 0.35 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 8.03-7.94 (m, 

1H), 7.57 (d, J = 8.3 Hz, 2H), 7.41 (s, 1H), 7.33 (d, J = 8.3 Hz, 1H), 7.24-7.06 

(m, 9H), 7.06-6.98 (m, 5H), 6.90 (d, J = 8.3 Hz, 2H), 6.80 (d, J = 8.3 Hz, 2H), 

5.53 (d, J = 27.3 Hz, 1H), 2.30 (s, 3H), 2.24 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 153.5, 150.4 (d, J = 9.8 Hz), 150.3 (d, J = 9.7 Hz), 147.3 (d, J = 11.6 

Hz), 143.8, 137.3 (d, J = 8.8 Hz), 137.1, 130.8 (d, J = 1.7 Hz), 130.6 (d, J = 4.7 Hz), 130.3 (d, J = 6.4 Hz), 

129.7, 129.7, 129.6, 128.2 (d, J = 2.7 Hz), 127.5, 126.4 (d, J = 2.7 Hz), 125.5 (d, J = 2.0 Hz), 125.4, 125.2, 

124.9, 123.2, 120.6 (d, J = 4.4 Hz), 120.4 (d, J = 4.3 Hz), 119.8, 116.1 (d, J = 10.2 Hz), 111.6, 38.9 (d, J = 

141.0 Hz), 21.6, 20.0; 31P NMR (162 MHz, CDCl3) δ 15.0. HPLC: Chiralcel IC column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 9.8 min and 13.6 min (maj). HRMS 

Calculated for C35H31NO6PS [M+H]+ 624.1604, found 624.1605. 

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(m-tolyl)methyl)phosphonat

e (3ca): 93 mg, 99% yield, 92% ee, []20
D = -62.74 (c 0.91, CHCl3), new compound, white solid, 

m.p. = 139-140 oC, Rf = 0.35 (hexanes/ ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 

8.2 Hz, 2H), 7.45 (s, 1H), 7.33 (d, J = 8.4 Hz, 2H), 7.26-7.17 (m, 5H), 

7.15-7.09 (m, 6H), 7.07-7.00 (m, 3H), 6.90 (d, J = 8.1 Hz, 2H), 6.84 (d, J = 8.1 

Hz, 2H), 4.65 (d, J = 26.9 Hz, 1H), 2.33 (s, 3H), 2.33 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 153.7 (d, J = 1.1 Hz)., 150.2 (d, J = 9.9 Hz), 150.2 (d, J = 9.1 

Hz), 146.3 (d, J = 11.6 Hz), 143.7, 138.3 (d, J = 1.8 Hz), 137.0, 131.1 (d, J = 7.6 Hz), 131.0 (d, J = 6.8 

Hz), 129.8, 129.7, 129.6, 129.1 (d, J = 2.6 Hz), 128.6 (d, J = 1.8 Hz), 127.5, 127.5 (d, J = 7.4 Hz), 125.9 

(d, J = 2.7 Hz), 125.4, 125.3, 125.0, 123.4, 120.6 (d, J = 4.4 Hz), 120.3 (d, J = 4.3 Hz), 120.0, 116.1 (d, J 

= 10.0 Hz), 111.6, 43.2 (d, J = 138.9 Hz), 21.6, 21.6; 31P NMR (162 MHz, CDCl3) δ 14.4. HPLC: 

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

time 13.6 min and 15.2 min (maj). HRMS Calculated for C35H31NO6PS [M+H]+ 624.1604, found 

624.1602. 

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(p-tolyl)methyl)phosphonate 

(3da): 90 mg, 96% yield, 91% ee, []20
D = -56.58 (c 0.85, CHCl3), new compound, white solid, m.p. 

= 171-172 oC, Rf = 0.35 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.2 

Hz, 2H), 7.43 (s, 1H), 7.32 (d, J = 8.4 Hz, 2H), 7.29-7.17 (m, 5H), 7.17-7.08 

(m, 6H), 7.06-7.02 (m, 3H), 6.91 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H), 

4.62 (d, J = 26.9 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 153.7 (d, J = 1.1 Hz), 150.2 (d, J = 10.0 Hz), 150.2 (d, J = 9.2 Hz), 

146.4 (d, J = 11.4 Hz), 143.8, 138.1 (d, J = 2.7 Hz), 136.9, 130.3 (d, J = 7.2 

Hz), 129.8, 129.7, 129.4 (d, J = 1.7 Hz), 128.0 (d, J = 6.9 Hz), 127.5, 125.9 (d, J = 2.7 Hz), 125.5, 125.4, 

124.9, 123.4, 120.6 (d, J = 4.4 Hz), 120.4 (d, J = 4.3 Hz), 120.0, 116.0 (d, J = 10.0 Hz), 111.6, 42.9 (d, J = 

139.4 Hz), 21.6, 21.3; 31P NMR (162 MHz, CDCl3) δ 14.6. HPLC: Chiralcel IC column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 15.0 min and 16.7 min (maj). 

HRMS Calculated for C35H31NO6PS [M+H]+ 624.1604, found 624.1603. 
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(-)-Diphenyl([1,1'-biphenyl]-4-yl(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p

hosphonate (3ea): 102 mg, 99% yield, 91% ee, []20
D = -29.10 (c 1.00, CHCl3), new compound, 

white solid, m.p. = 85-87 oC, Rf = 0.25 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 

7.61-7.43 (m, 11H), 7.40-7.32 (m, 2H), 7.28-6.99 (m, 11H), 6.95-6.86 (m, 4H), 

4.87 (d, J = 26.8 Hz, 1H), 2.30 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 153.7, 

150.3 (d, J = 9.8 Hz), 150.2 (d, J = 9.4 Hz), 146.5 (d, J = 11.9 Hz), 143.9, 

141.1 (d, J = 2.7 Hz), 140.5, 136.8, 130.8 (d, J = 7.1 Hz), 130.3 (d, J = 6.9 Hz), 

129.8, 129.74 (s), 129.7, 129.0, 127.7, 127.5, 127.3 (d, J = 1.3 Hz), 127.2, 

125.8 (d, J = 2.4 Hz), 125.5, 125.4, 125.0, 123.5, 120.5 (d, J = 4.3 Hz), 120.4 (d, J = 4.3 Hz), 119.9, 116.2 

(d, J = 10.0 Hz), 111.6, 42.9 (d, J = 139.4 Hz), 21.6; 31P NMR (162 MHz, CDCl3) δ 14.1. HPLC: IC 

column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 16.6 min 

and 18.5 min (maj). HRMS Calculated for C40H33NO6PS [M+H]+ 686.1761, found 686.1760. 

(-)-Diphenyl((4-isopropylphenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p

hosphonate(3fa): 94 mg, 96% yield, 93% ee, []20
D = -38.48 (c 0.92, CHCl3), new compound, 

white solid, m.p. = 73-75 oC, Rf = 0.35 (hexanes/ethyl acetate = 4/1). 1H NMR (400 MHz, CDCl3) δ 

7.58 (d, J = 7.3 Hz, 2H), 7.42-7.02 (m, 17H), 6.89-6.79 (m, 4H), 4.67 (d, J = 

26.8 Hz, 1H), 3.00-2.83 (m, 1H), 2.35 (s, 3H), 1.26 (d, J = 6.2 Hz, 6H); 13C 

NMR (101 MHz, CDCl3) δ 153.7, 150.3 (d, J = 9.8 Hz), 150.2 (d, J = 9.3 Hz), 

149.0 (d, J = 2.7 Hz), 146.5 (d, J = 11.6 Hz), 143.8, 136.9, 130.4 (d, J = 7.2 

Hz), 129.8, 129.72 (s), 129.6, 128.2 (d, J = 6.9 Hz), 127.5, 126.8 (d, J = 1.0 

Hz), 125.9 (d, J = 2.4 Hz), 125.4, 125.3, 124.9, 123.4, 120.6 (d, J = 4.2 Hz), 120.3 (d, J = 4.2 Hz), 119.9, 

116.0 (d, J = 10.0 Hz), 111.6, 42.9 (d, J = 139.3 Hz), 33.9, 24.1, 21.6; 31P NMR (162 MHz, CDCl3) δ 14.5. 

HPLC: Chiralcel IA column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 24.1 min and 45.6 min (maj). HRMS Calculated for C37H35NO6PS [M+H]+ 652.1917, 

found 652.1917. 

(-)-Diphenyl((4-(tert-butyl)phenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl

)phosphonate (3ga): 99 mg, 99% yield, 93% ee, []20
D = -35.77 (c 0.97, CHCl3), new compound, 

white solid, m.p. = 74-76 oC, Rf = 0.40 (hexanes/ ethyl acetate = 4/1). 1H NMR (400 MHz, CDCl3) δ 

7.59 (d, J = 8.1 Hz, 2H), 7.36-7.30 (m, 7H), 7.24-7.20 (m, 3H), 7.16-7.00 (m, 

7H), 6.89 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 4.64 (d, J = 26.8 Hz, 

1H), 2.37 (s, 3H), 1.33 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 153.7 (d, J = 

1.0 Hz), 151.3 (d, J = 2.7 Hz), 150.3 (d, J = 9.9 Hz), 150.2 (d, J = 9.4 Hz), 

146.5 (d, J = 11.4 Hz), 143.9, 137.0, 130.2 (d, J = 7.2 Hz), 129.8, 129.8, 129.6, 

127.8 (d, J = 6.9 Hz), 127.5, 125.9 (d, J = 2.7 Hz), 125.7 (d, J = 1.7 Hz), 125.5, 125.3, 125.0, 123.5, 120.6 

(d, J = 4.4 Hz), 120.3 (d, J = 4.3 Hz), 119.9, 115.9 (d, J = 10.1 Hz), 111.7, 42.9 (d, J = 139.3 Hz), 34.7, 

31.4, 21.7; 31P NMR (162 MHz, CDCl3) δ 14.4. HPLC: Chiralcel IA column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 17.5 min and 35.8 min (maj). 

HRMS Calculated for C38H37NO6PS [M+H]+ 666.2074, found 666.2073. 

(-)-Diphenyl((4-methoxyphenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)p

hosphonate (3ha): 95 mg, 99% yield, 92% ee, []20
D = -45.00 (c 0.94, CHCl3), new compound, 

white solid, m.p. = 162-163 oC, Rf = 0.20 (hexanes/ethyl acetate = 3/1). 1H 

NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.1 Hz, 2H), 7.42 (s, 1H), 7.35-7.26 (m, 

4H), 7.24-7.02 (m, 10H), 6.92 (d, J = 8.2 Hz, 2H), 6.87-6.84 (m, 4H), 4.68 (d, 

J = 26.9 Hz, 1H), 3.81 (s, 3H), 2.34 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

159.6 (d, J = 2.4 Hz), 153.6, 150.2 (d, J = 10.0 Hz), 150.2 (d, J = 9.3 Hz), 
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146.7 (d, J = 11.0 Hz), 143.8, 136.9, 131.6 (d, J = 7.3 Hz), 129.8, 129.7, 127.5, 125.9 (d, J = 2.8 Hz), 

125.5, 125.4, 124.9, 123.4, 123.1 (d, J = 6.8 Hz), 120.6 (d, J = 4.4 Hz), 120.4 (d, J = 4.3 Hz), 119.9, 115.9 

(d, J = 9.9 Hz), 114.1 (d, J = 1.5 Hz), 111.6, 55.4, 42.4 (d, J = 139.8 Hz), 21.6; 31P NMR (162 MHz, 

CDCl3) δ 14.6. HPLC: Chiralcel IC column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 17.8 min and 20.1 min (maj). HRMS Calculated for C35H31NO7PS [M+H]+ 

640.1553, found 640.1551. 

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(naphthalen-2-yl)methyl)ph

osphonate (3ia): 97 mg, 98% yield, 90% ee, []20
D = -48.92 (c 0.93, CHCl3), new compound, white 

solid, m.p. = 211-212 oC, Rf = 0.25 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 

7.86-7.74 (m, 4H), 7.63 (s, 1H), 7.59 (d, J = 8.7 Hz, 1H), 7.52-7.48 (m, 4H), 

7.35-7.32 (m, 2H), 7.24 – 7.19 (m, 1H), 7.17-7.00 (m, 7H), 6.90-6.86 (m, 6H), 

5.02 (d, J = 26.9 Hz, 1H), 2.17 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 153.7 

(d, J = 0.9 Hz), 150.2 (d, J = 9.9 Hz), 150.1 (d, J = 9.4 Hz), 146.2 (d, J = 11.9 

Hz), 143.7, 136.6, 133.2 (d, J = 2.0 Hz), 132.8 (d, J = 1.8 Hz), 129.6, 129.6, 

129.5, 129.5 (d, J = 9.4 Hz), 128.9 (d, J = 7.0 Hz), 128.2 (d, J = 1.1 Hz), 128.1, 127.7, 127.6 (d, J = 7.4 

Hz), 127.4, 126.5, 126.4, 125.8 (d, J = 2.5 Hz), 125.4, 125.3, 125.0, 123.4, 120.4 (d, J = 4.4 Hz), 120.3 (d, 

J = 4.3 Hz), 120.1, 116.4 (d, J = 10.0 Hz), 111.5, 43.2 (d, J = 139.2 Hz), 21.4; 31P NMR (162 MHz, 

CDCl3) δ 14.2. HPLC: Chiralcel IC column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 15.9 min and 18.0 min (maj). HRMS Calculated for C38H31NO6PS [M+H]+ 

660.1604, found 660.1608. 

(-)-Diphenyl((3-chlorophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho

sphonate (3ja): 95 mg, 98% yield, 88% ee, []20
D = -45.50 (c 0.89, CHCl3), new compound, white 

solid, m.p. = 69-70 oC, Rf = 0.30 (hexanes/ethyl acetate = 4/1). 1H NMR (400 MHz, CDCl3) δ 7.63 (s, 

1H), 7.52 (d, J = 7.8 Hz, 2H), 7.44 (d, J = 6.5 Hz, 1H), 7.34-7.05 (m, 13H), 

7.00 (d, J = 7.6 Hz, 2H), 6.92-6.87 (m, 4H), 4.82 (d, J = 26.8 Hz, 1H), 2.32 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 153.7, 150.1 (d, J = 9.6 Hz), 150.0 (d, J = 

8.9 Hz), 145.6 (d, J = 12.8 Hz), 143.9, 136.6, 134.3, 133.4 (d, J = 6.7 Hz), 

130.3 (d, J = 7.4 Hz), 129.9 (d, J = 1.5 Hz), 129.8, 129.7, 128.5 (d, J = 7.0 Hz), 

128.4 (d, J = 2.2 Hz), 127.4, 125.6 (d, J = 4.4 Hz), 125.6, 125.5, 125.2, 123.5, 120.4 (d, J = 4.4 Hz), 120.3 

(d, J = 4.2 Hz), 120.1, 116.6 (d, J = 10.0 Hz), 111.6, 42.7 (d, J = 139.4 Hz), 21.6; 31P NMR (162 MHz, 

CDCl3) δ 13.3. HPLC: Chiralcel IC column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 11.6 min and 14.2 min (maj). HRMS Calculated for C34H28ClNO6PS 

[M+H]+ 644.1058, found 644.1059. 

(-)-Diphenyl((4-chlorophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho

sphonate (3ka): 94 mg, 97% yield, 87% ee, []20
D = -22.89 (c 0.90, CHCl3), new compound, white 

solid, m.p. = 193-194 oC, Rf = 0.65 (hexanes/ethyl acetate = 6/1). 1H NMR (400 MHz, CDCl3) δ 7.54 

(s, 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.41 (d, J = 7.4 Hz, 2H), 7.31-7.28 (m, 3H), 

7.21-7.01 (m, 9H), 7.00-6.82 (m, 6H), 4.99 (d, J = 26.7 Hz, 1H), 2.30 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 153.6, 150.2 (d, J = 9.9 Hz), 150.1 (d, J = 9.5 

Hz), 146.3 (d, J = 12.1 Hz), 143.9, 136.6, 134.2 (d, J = 3.3 Hz), 131.6 (d, J = 

6.9 Hz), 130.3 (d, J = 6.7 Hz), 129.8, 129.7, 129.6, 128.8 (d, J = 1.6 Hz), 127.5, 

125.5, 125.4, 125.1, 123.4, 120.4 (d, J = 4.7 Hz), 120.4 (d, J = 4.6 Hz), 119.9, 116.4 (d, J = 10.1 Hz), 

111.6, 42.4 (d, J = 139.9 Hz), 21.6; 31P NMR (162 MHz, CDCl3) δ 13.4. HPLC: Chiralcel IA column, 

220 nm, 30 oC, n-hexane/i-propanol = 60/40, flow = 1.0 mL/min, retention time 51.1 min and 95.9 
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min (maj). HRMS Calculated for C34H28ClNO6PS [M+H]+ 644.1058, found 644.1058. 

(-)-Diphenyl((3-bromophenyl)(3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)methyl)pho

sphonate (3la): 93 mg, 90% yield, 89% ee, []20
D = -46.20 (c 0.87, CHCl3), new compound, white 

solid, m.p. = 65-67 oC, Rf = 0.30 (hexanes/ethyl acetate = 4/1). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, 

J = 8.1 Hz, 2H), 7.52-7.41 (m, 3H), 7.34-7.32 (m, 3H), 7.25-7.22 (m, 4H), 

7.20-7.00 (m, 7H), 6.93-6.87 (m, 4H), 4.67 (d, J = 26.7 Hz, 1H), 2.35 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 153.7 (d, J = 1.0 Hz), 150.1 (d, J = 9.8 Hz), 

150.0 (d, J = 9.1 Hz), 145.4 (d, J = 12.1 Hz), 144.0, 136.8, 133.4 (d, J = 6.7 

Hz), 133.2 (d, J = 7.9 Hz), 131.4 (d, J = 2.6 Hz), 130.2 (d, J = 2.0 Hz), 129.9, 

129.8, 129.8, 129.0 (d, J = 6.5 Hz), 127.5, 125.8 (d, J = 2.7 Hz), 125.7, 125.5, 125.2, 123.6, 122.5 (d, J = 

1.8 Hz), 120.5 (d, J = 4.4 Hz), 120.3 (d, J = 4.4 Hz), 120.1, 116.5 (d, J = 9.9 Hz), 111.6, 42.7 (d, J = 139.0 

Hz), 21.8; 31P NMR (162 MHz, CDCl3) δ 13.4. HPLC: Chiralcel IC column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 11.8 min and 14.9 min (maj). 

HRMS Calculated for C34H28BrNO6PS [M+H]+ 688.0553, found 688.0550. 

(-)-Diphenyl((4-(tert-butyl)phenyl)(6-methyl-3-((4-methylphenyl)sulfonamido)benzofuran-2-

yl)methyl)phosphonate (3ma): 83 mg, 81% yield, 94% ee, []20
D = -44.02 (c 0.72, CHCl3), new 

compound, white solid, m.p. = 85-87 oC, Rf = 0.60 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, 

CDCl3) δ 7.57 (d, J = 8.1 Hz, 2H), 7.44 (s, 1H), 7.37- 7.29 (m, 4H), 7.20- 

6.99 (m, 10H), 6.90 (d, J = 8.2 Hz, 1H), 6.87 (d, J = 8.1 Hz, 2H), 6.78 (d, J 

= 8.1 Hz, 2H), 4.76 (d, J = 26.8 Hz, 1H), 2.38 (s, 3H), 2.33 (s, 3H), 1.32 (s, 

9H); 13C NMR (101 MHz, CDCl3) δ 154.1 (d, J = 0.9 Hz), 151.1 (d, J = 2.9 

Hz), 150.3 (d, J = 10.0 Hz), 150.2 (d, J = 9.5 Hz), 145.8 (d, J = 11.8 Hz), 

143.7, 136.9, 135.2 (d, J = 1.0 Hz), 130.0 (d, J = 7.1 Hz), 129.7, 129.7, 129.6, 128.1 (d, J = 6.7 Hz), 127.5, 

125.6 (d, J = 1.6 Hz), 125.3, 125.2, 124.8, 123.3 (d, J = 2.5 Hz), 120.6 (d, J = 4.3 Hz), 120.4 (d, J = 4.3 

Hz), 119.4, 115.9 (d, J = 10.2 Hz), 111.8, 42.7 (d, J = 139.7 Hz), 34.6, 31.4, 21.7, 21.6; 31P NMR (162 

MHz, CDCl3) δ 14.5. HPLC: Chiralcel IC column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow 

= 0.7 mL/min, retention time 12.4 min (maj) and 14.8 min. HRMS Calculated for C39H39NO6PS 

[M+H]+ 680.2230, found 680.2234. 

(-)-Diphenyl ((3-(methylsulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate (3na): 78 

mg, 98% yield, 87% ee, []20
D = -4.17 (c 0.36, CHCl3), new compound, white solid, m.p. = 211-212 

oC, Rf = 0.20 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 7.82-7.73 (m, 2H), 7.56 (d, J 

= 7.7 Hz, 1H), 7.46-7.28 (m, 5H), 7.25-7.14 (m, 5H), 7.12-7.05 (m, 2H), 

6.97-6.94 (m, 3H), 6.92-6.87 (m, 2H), 5.47 (d, J = 26.6 Hz, 1H), 2.80 (s, 3H); 
13C NMR (101 MHz, CDCl3) δ 153.8 (d, J = 1.0 Hz), 150.4 (d, J = 9.9 Hz), 

150.2 (d, J = 9.6 Hz), 147.7 (d, J = 10.9 Hz), 132.1 (d, J = 5.9 Hz), 130.3 (d, J 

= 7.3 Hz), 129.8, 129.8, 129.1 (d, J = 1.5 Hz), 128.5 (d, J = 2.3 Hz), 125.5, 125.4 (d, J = 2.5 Hz), 123.9, 

120.5 (d, J = 4.4 Hz), 120.4 (d, J = 4.4 Hz), 119.5, 115.9 (d, J = 9.9 Hz), 112.1, 43.4 (d, J = 141.1 Hz), 

40.1.; 31P NMR (162 MHz, CDCl3) δ 13.7. HPLC: Chiralcel IC column, 220 nm, 30 oC, 

n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 21.9 min (maj) and 24.2 min. 

HRMS Calculated for C28H25NO6PS [M+H]+ 534.1135, found 534.1136. 

(-)-Diphenyl ((3-((4-nitrophenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate 

(3oa): 90 mg, 94% yield, 87% ee, []20
D = -0.62 (c 0.80, CHCl3), new compound, white solid, m.p. 

= 126-127 oC, Rf = 0.35 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 8.59 (s, 1H), 7.72 

(d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.6 Hz, 2H), 7.35-7.07 (m, 14H), 7.05-6.99 (m, 1H), 6.97-6.84 (m, 4H), 
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5.24 (d, J = 27.3 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 153.7, 150.4 (d, J = 10.1 Hz), 150.0 (d, J = 10.3 

Hz), 149.8, 145.9 (d, J = 13.0 Hz), 144.8, 132.1 (d, J = 7.4 Hz), 129.9, 129.8, 

129.5 (d, J = 6.0 Hz), 128.6 (d, J = 2.2 Hz), 128.5, 128.3 (d, J = 2.9 Hz), 125.8, 

125.6, 125.6, 124.9 (d, J = 1.3 Hz), 123.8, 123.5, 120.7 (d, J = 4.2 Hz), 120.5 

(d, J = 4.3 Hz), 120.4, 116.5 (d, J = 10.5 Hz), 111.4, 42.7 (d, J = 139.2 Hz).; 31P 

NMR (162 MHz, CDCl3) δ 14.3. HPLC: Chiralcel IC column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.6 min and 28.6 min (maj). 

HRMS Calculated for C33H26N2O8PS [M+H]+ 641.1142, found 641.1143. 

(+)-N-(2-((Diphenylphosphoryl)(phenyl)methyl)benzofuran-3-yl)-4-methylbenzenesulfonami

de (3ab): 69 mg, 80% yield, 66% ee, []20
D = +9.36 (c 0.63, CHCl3), new compound, white solid, 

m.p. = 210-212 oC, Rf = 0.40 (hexanes/ethyl acetate = 1/1). 1H NMR (400 MHz, DMSO) δ 9.79 (s, 

1H), 7.86-7.69 (m, 4H), 7.57-7.33 (m, 7H), 7.27 (d, J = 8.2 Hz, 2H), 7.25 -7.07 

(m, 7H), 7.04-6.99 (m, 3H), 5.69 (d, J = 11.6 Hz, 1H), 2.18 (s, 3H); 13C NMR 

(101 MHz, DMSO) δ 153.2, 148.3 (d, J = 9.6 Hz), 143.6, 136.4, 133.7 (d, J = 4.9 

Hz), 132.8 (d, J = 36.6 Hz), 132.4 (d, J = 2.4 Hz), 132.2 (d, J = 2.5 Hz), 131.8 (d, 

J = 36.5 Hz), 131.5 (d, J = 8.8 Hz), 131.0 (d, J = 9.2 Hz), 130.2 (d, J = 4.8 Hz), 129.8, 129.0 (d, J = 11.5 

Hz), 128.7 (d, J = 11.6 Hz), 128.4, 127.4 (d, J = 1.2 Hz), 127.0, 125.1, 124.8, 123.1, 120.3, 116.3 (d, J = 

7.1 Hz), 111.6, 44.5 (d, J = 61.9 Hz), 21.4; 31P NMR (162 MHz, DMSO) δ 28.1. HPLC: Chiralcel IC 

column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 18.1 min 

and 27.1 min (maj). HRMS Calculated for C34H29NO4PS [M+H]+ 578.1549, found 578.1550. 

(-)-Dibenzyl((3-((4-methylphenyl)sulfonamido)benzofuran-2-yl)(phenyl)methyl)phosphonate 

(3ac): 77 mg, 80% yield, 80% ee, []20
D = -34.32 (c 0.74, CHCl3), new compound, white solid, m.p. 

= 61-63 oC, Rf = 0.15 (hexanes/ethyl acetate = 3/1). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.2 Hz, 

2H), 7.51-7.43 (m, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.30-7.11 (m, 13H), 

7.10-6.93 (m, 6H), 4.93-4.71 (m, 4H), 4.51-4.38 (m, 1H), 2.32 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 153.6, 147.1 (d, J = 11.6 Hz), 143.7, 136.9, 135.8 

(d, J = 5.7 Hz), 135.8 (d, J = 5.9 Hz), 131.8 (d, J = 6.4 Hz), 130.2 (d, J = 6.8 

Hz), 129.7, 128.6, 128.6, 128.5, 128.5, 127.9, 127.9, 127.5, 125.9 (d, J = 2.6 Hz), 124.8, 123.4, 120.2, 

115.8 (d, J = 9.6 Hz), 111.6, 68.9 (d, J = 7.1 Hz), 68.6 (d, J = 7.1 Hz), 43.3 (d, J = 137.7 Hz), 21.6; 31P 

NMR (162 MHz, CDCl3) δ 22.6. HPLC: Chiralcel IA column, 220 nm, 30 oC, n-hexane/i-propanol = 

60/40, flow = 1.0 mL/min, retention time 22.2 min and 60.6 min (maj). HRMS Calculated for 

C36H33NO6PS [M+H]+ 638.1761, found 638.1763. 

(-)-Diphenyl((3-((4-methylphenyl)sulfonamido)benzo[b]thiophen-2-yl)(phenyl)methyl)phosp

honate (3pa): 88 mg, 94% yield, 87% ee, []20
D = -153.11 (c 0.77, CHCl3), new compound, pale 

yellow solid, m.p. = 80-82 oC, Rf = 0.20 (hexanes/ethyl acetate = 5/1). 1H NMR (400 MHz, CDCl3) δ 

8.46 (s, 1H), 7.85 (d, J = 7.5 Hz, 1H), 7.63-7.58 (m, 3H), 7.40-7.24 (m, 7H), 

7.22-7.01 (m, 8H), 6.87 (d, J = 8.0 Hz, 2H), 6.80 (d, J = 8.1 Hz, 2H), 4.44 (d, J 

= 25.4 Hz, 1H), 2.38 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 149.9 (d, J = 10.4 

Hz), 149.8 (d, J = 8.4 Hz), 143.8, 138.05 (s), 137.2 (d, J = 3.5 Hz), 136.8 (d, J 

= 1.9 Hz), 134.1 (d, J = 9.6 Hz), 133.4 (d, J = 6.3 Hz), 129.9, 129.8 (d, J = 8.3 Hz), 129.8, 129.7, 129.0, 

128.7 (d, J = 1.4 Hz), 127.4, 126.5 (d, J = 9.6 Hz), 125.7, 125.5, 125.2 (d, J = 1.0 Hz), 124.7, 123.4, 121.9 

(d, J = 1.1 Hz), 120.7 (d, J = 4.3 Hz), 120.2 (d, J = 4.3 Hz), 44.2 (d, J = 138.8 Hz), 21.5; 31P NMR (162 

MHz, CDCl3) δ 17.1. HPLC: Chiralcel IC column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow 

= 0.7 mL/min, retention time 13.7 min and 18.5 min (maj). HRMS Calculated for C34H29NO5PS2 
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[M+H]+ 626.1219, found 626.1216. 

(E)-Diphenyl (1-((4-methylphenyl)sulfonamido)-1,3-diphenylallyl)phosphonate (3qa): 10 mg, 

11% yield, new compound, white solid, m.p. = 61-63 oC, Rf = 0.10 (hexanes/ethyl acetate = 7/1). 1H 

NMR (400 MHz, CDCl3) δ 7.89-7.76 (m, 2H), 7.52 (d, J = 8.1 Hz, 2H), 7.38-7.25 (m, 6H), 7.24-7.06 (m, 

8H), 7.00 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.87-6.74 (m, 3H), 

6.56-6.49 (m, 1H), 6.04 (d, J = 7.0 Hz, 1H), 2.31 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 150.4 (d, J = 10.6 Hz), 150.3 (d, J = 10.4 Hz), 143.1, 139.5, 137.8 (d, 

J = 11.6 Hz), 135.7 (d, J = 3.0 Hz), 134.5 (d, J = 2.8 Hz), 129.7, 129.7, 129.4 (d, J = 5.5 Hz), 129.2, 128.5, 

128.5, 128.2 (d, J = 2.5 Hz), 127.4, 127.0 (d, J = 1.2 Hz), 125.4, 122.6 (d, J = 10.0 Hz), 120.4 (d, J = 4.3 

Hz), 120.3 (d, J = 4.2 Hz), 67.1 (d, J = 154.5 Hz), 21.5; 13C DEPT-45o NMR (101 MHz, CDCl3) δ 137.8 

(d, J = 11.5 Hz), 129.7, 129.7, 129.4 (d, J = 5.5 Hz), 129.2, 128.5, 128.5, 128.2 (d, J = 2.5 Hz), 127.4, 

127.0 (d, J = 1.2 Hz), 125.4, 122.6 (d, J = 10.0 Hz), 120.4 (d, J = 4.3 Hz), 120.3 (d, J = 4.2 Hz), 21.5; 31P 

NMR (162 MHz, CDCl3) δ 11.5. HRMS Calculated for C34H30KNO5PS [M+K]+ 634.1214, found 

634.1217. 

4. Determination of the Absolute Configuration of (-)-3aa 
The absolute configuration of product diphenyl ((3-((4-methyl- phenyl)sulfonamido)benzofuran- 

2-yl)(phenyl)methyl)phosphonate (-)-3aa was assigned as (S) based on the X-ray diffraction analysis 

after recrystallization from mixture solvent ethyl acetate/n-hexane to upgrade ee to > 99%. The 

configurations of the other chiral products are assigned by analogy. The CCDC number is 1588669. 

These details can be obtained free of charge via www.ccdc.com. ac.uk/data_request/cif from the 

Cambridge Crystallographic Data Centre. 

 

Figure S1. X-ray Single Crystal Structure of (-)-3aa 

P(O)(OPh)2TsHN



S11 
 

5. References 

[1] (a) W. Yang and D.-M. Du, Org. Lett., 2010, 12, 5450; (b) H. Y. Bae, S. Some, J. H. Lee, J.-Y. 

Kim, M. J. Song, S. Lee, Y. J. Zhang and C. E. Song, Adv. Synth. Catal., 2011, 353, 3196; (c) K. 

Asano and S. Matsubara, Org. Lett., 2012, 14, 1620. 

[2] (a) R. Löser, M. Chlupacova, A. Marecek, V. Opletalova and M. Gütschow, Helv. Chim. Acta, 

2004, 87, 2597; (b) M. Morimoto, H. Fukumoto, T. Nozoe, A. Hagiwara and K. Komai, J. Agric. 

Food Chem., 2007, 55, 700. 

[3] (a) T. Patonay, R. Bognár and G. Litkei, Tetrahedron, 1984, 40, 2555; (b) J.	 Liu,	M.	 Liu,	 Y.	 Yue,	

N.	 Zhang,	 Y.	 Zhang	 and	 K.	 Zhuo,	 Tetrahedron Lett., 2013, 54, 1802; (c) C. Liu, Z. Zhang, J. 

Zhang, X. Liu and M. Xie, Chin. J. Chem., 2014, 32, 1233; (d) Y. Weng, Q. Chen and W. Su, J. 

Org. Chem., 2014, 79, 4218; (e) M. P. Carrasco, A. S. Newton, L. Gonçalves, A. Góis, M. 

Machado, J. Gut, F. Nogueira, T. Hänscheid, R. C. Guedes, D. J.V.A. dos Santos, P. J. Rosenthal 

and R. Moreira, Eur. J. Med. Chem., 2014, 80, 523; (f) S. Li, F.Jin, M. Viji, H. Jo, J. Sim, H. S. 

Kim, H. Lee and J.‐K.	Jung, Tetrahedron Lett., 2017, 58, 1417; (g) K. M.Taylor, Z. E.Taylor and 

S. T. Handy, Tetrahedron Lett., 2017, 58, 240; (h) V. N. Badavath, C. Nath, N. M. Ganta, G. 

Ucar, B. N. Sinha and V. Jayaprakash, Chinese Chem. Lett., 2017, 28, 1528.  

[4] J. E. Zweig and T. R. Newhouse, J. Am. Chem. Soc., 2017, 139, 10956. 

[5] Z.-Q. Rong, M. Wang, C. H. E. Chow and Y. Zhao, Chem. Eur. J., 2016, 22, 9483. 

[6] H. Ni, X. Tang, W. Zheng, W. Yao, N. Ullah and Y. Lu, Angew. Chem. Int. Ed., 2017, 56, 14222. 

[7] C. Simal, T. Lebl, A. M. Z. Slawin and A. D. Smith, Angew. Chem. Int. Ed., 2012, 51, 3653.



S12 
 

6. Copy of NMR and HPLC for the Compounds 
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