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1. General Information 

Unless otherwise noted, all reagents were obtained commercially and used without 

further purification. 

 

NMR spectrum: 1H and 13C spectra are recorded on the Bruker AVANCE 

spectrometer, operating at 300 MHz or 400 MHz for 1H NMR, 75 MHz or 100 MHz 

for 13C NMR and operating at 121 MHz for 31P NMR. Chemical shifts are reported in 

parts per million (ppm). Chemical shifts are reported downfield from CDCl3 (δ 7.27 

ppm) for 1H NMR. Chemical shifts of 13C NMR are reported in the scale relative to 

the solvent of CDCl3 (δ 77.0 ppm) used as an internal reference. Multiplicities are 

recorded as follows: s (singlet), d (doublet), t (triplet), dd (doublet of doublet), dt 

(doublet of triplet), m (multiplet), brs (broad singlet), qd (quartet of double). Coupling 

constants are reported in Hertz (Hz). 

 

Mass spectroscopy: Mass spectra were in general recorded on an AMD 402/3 or a 

HP 5989A mass selective detector. 

 

Chromatography: Column chromatography was performed with silica gel (200-300 

mesh ASTM). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S3 
 

2. Optimization of Reaction Conditionsa 

 

entry [Pd] Ligand Base Solvent T (oC) Yield (%) 

1 Pd(OAc)2 PPh3
b K2CO3 toluene 65 70 

2 Pd(OAc)2 PPh3
b NEt3 toluene 65 < 20 

3 Pd(OAc)2 PPh3
b Na2CO3 toluene 65 < 20 

4 Pd(OAc)2 PPh3
b DIPEA toluene 65 13 

5 Pd(OAc)2 PPh3
b NaHCO3 toluene 65 10 

6 Pd(OAc)2 PPh3
b Ag2CO3 toluene 65 < 5 

7 Pd(OAc)2 PPh3
b CsF toluene 65 90 

8 Pd(OAc)2 PPh3
b CsF toluene r.t. 20 

9 Pd(OAc)2 BINAP CsF toluene 65 25 

10 Pd(OAc)2 DPPF CsF toluene 65 88 

11 Pd(OAc)2 DPPFc CsF toluene 65 < 20 

12 Pd(OAc)2 DPPE CsF toluene 65 38 

13 Pd(OAc)2 DPPP CsF toluene 65 56 

14 Pd(OAc)2 DPPB CsF toluene 65 72 

15 Pd(PPh3)4 -- CsF toluene 65 92 

16 Pd2dba3 DPPF CsF toluene 65 80 

17 PdCl2(MeCN)2 DPPF CsF toluene 65 82 

18 Pd(OAc)2 DPPF CsF toluene 30d 70 

19 Pd(OAc)2 DPPF CsF dioxane 65 < 20 

20 Pd(OAc)2 DPPF CsF DMSO 65 <5 

21 Pd(OAc)2 DPPF CsF MeCN 65 64 
aUnless otherwise specified, all reactions were performed with 0.2 mmol of 1a and 0.4 

mmol of diethyl H-phosphonate in 3 mL of  the indicated solvent. b40 mol % PPh3 

was used. c10 mol % DPPF was used. dReaction time: 48 h. 
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3. Synthesis and Data of Products 2 and 4 

 

To a 25 mL flask was added catalysts Pd(OAc)2 (0.01 mmol, 2.2 mg), DPPF (0.02 

mmol, 11.1 mg), CsF (0.20 mmol, 30.4 mg), 1 (0.1 mmol), and toluene (1.5 mL). 

Then, a solution of HP(O)(OEt)2 (0.4 mmol, 55.2 mg) in toluene (1.5 mL) was added. 

The resulting mixture was stirred at 65 oC (oil bath). After 12 h, the solvent was 

removed and the residue was directly subjected to silica gel column chromatography 

(petroleum ether/ethyl acetate as eluent) to give product 2. 

 

  2a, Yield = 88%, 42.0 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.68 (d, J = 8.1 Hz, 2H), 7.32-7.22 (m, 7H), 6.14 (s, 1 

H), 4.14-3.90 (m, 5H), 3.70 (dd, J = 15.6 Hz, J = 1.8 Hz, 1H), 3.31 (d, J = 11.4 Hz, 

1H), 2.71 (dd, J = 11.4 Hz, J = 4.5 Hz, 1H), 2.52-2.39 (m, 4H), 2.17 (t, J = 15.3 Hz, 

1H), 1.34 (s, 3H), 1.25-1.16 (m, 6H). 
31P NMR (121 MHz, CDCl3) δ 28.40 (s). 
13C NMR (75 MHz, CDCl3) δ 143.72, 137.98, 132.96, 131.47, 130.94 (d, J = 8.0 Hz), 

129.75, 128.45, 127.86, 127.59, 125.73, 61.44 (d, J = 6.0 Hz, 2C), 54.23 (d, J = 13.8 

Hz), 46.34, 35.41 (d, J = 138.2 Hz, 2C), 35.00 (d, J = 2.6 Hz), 25.05 (d, J = 4.1 Hz), 

21.47, 16.30 (t, J = 6.1 Hz). 

HRMS (ESI) Calcd for C24H32NO5PSNa+ (M+Na+) 500.1631, found 500.1635. 

 

2b, Yield = 90%, 44.2 mg, yellow liquid. 
1H NMR (300 MHz,CDCl3) δ 7.65 (d, J = 8.4 Hz, 2H), 7.29-7.20 (m, 7H), 6.04 (s, 

1H), 4.02-3.87 (m, 5H), 3.66 (dd, J = 15.6, J = 2.1 Hz, 1H), 3.23 (d, J = 11.4 Hz, 1H), 

2.75 (dd, J = 11.4 Hz, J = 4.5 Hz, 1H), 2.36 (s, 3H), 2.11 (dd, J = 18.9 Hz, J = 15.4 Hz, 

1H), 1.93 (dd, J = 18.3 Hz, J = 15.3 Hz, 1H), 1.73-1.70 (m, 2H), 1.23 -1.11 (m, 6H), 

0.84 (t, J = 7.5 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.64 (s). 
13C NMR (75 MHz, CDCl3) δ 143.71, 138.19, 133.04, 132.09, 130.31 (d, J = 7.1 Hz), 

129.79, 128.48, 127.86, 127.62, 125.33, 61.43 (dd, J = 6.7 Hz, J = 2.9 Hz, 2C), 51.52 

(d, J = 12.8 Hz), 46.46, 38.19 (d, J = 2.5 Hz), 32.81 (d, J = 138.5 Hz), 30.68 (d, J = 

5.2 Hz), 21.51, 16.31 (t, J = 6.0Hz, 2C), 8.3. 
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HRMS (ESI) Calcd for C25H34NO5PSNa+ (M+Na+) 514.1788, found 514.1791. 

 

2c, Yield = 75%, 40.0 mg, brown liquid. 
1H NMR (300 MHz, CDCl3) δ 7.65 (d, J = 8.4 Hz, 2H), 7.30-7.19 (m, 7H), 6.04 (s, 

1H), 4.11-3.89 (m, 5H), 3.66 (dd, J = 15.6 Hz, J = 1.8 Hz, 1H), 3.25 (d, J = 11.4 Hz, 

1H), 2.74 (dd, J = 11.4 Hz, J = 4.2 Hz, 1H), 2.36 (s, 3H), 2.12 (dd, J = 18.9 Hz, J = 

15.6 Hz, 1H), 1.93 (dd, J = 18.6 Hz, J = 15.6, 1H), 1.75-1.56 (m, 2H), 1.50-1.30 (m, 

1H), 1.23-1.11 (m, 8H), 0.81 (d, J = 6.3 Hz, 6H). 
31P NMR (121 MHz, CDCl3) δ 28.73 (s). 
13C NMR (75 MHz, CDCl3) δ 143.68, 138.21, 133.13, 131.77, 130.56 (d, J = 7.2 Hz), 

129.77, 128.47, 127.82, 127.61, 125.31, 61.38 (dd, J = 6.7 Hz, J = 3.1 Hz, 2C), 51.88 

(d, J = 12.9 Hz), 46.42, 37.95 (d, J = 2.6 Hz), 35.98 (d, J = 5.0 Hz), 33.27 (d, J = 

138.8 Hz), 32.68, 28.58, 22.57 (d, J = 2.5 Hz), 21.50, 16.32 (t, J = 5.4 Hz, 2C). 

HRMS (ESI) Calcd for C28H41NO5PS+ (M+H+) 534.2438, found 534.2436. 

 

2d, Yield = 72%, 39.8 mg, yellow liquid. 
1H NMR (300 MHz, CDCl3) δ 7.62 (d, J = 8.1 Hz, 2H), 7.28-7.19 (m, 12H), 5.96 (s, 

1H), 3.98-3.74 (m, 6H), 3.16 (d, J = 13.2 Hz, 1H), 3.08 (d, J = 11.7 Hz, 1H), 3.02 (dd, 

J = 11.4Hz, J = 2.7Hz, 1H), 2.90 (d, J = 13.3 Hz, 1H), 2.36 (s, 3H), 2.01-1.87 (m, 2H), 

1.18-1.07 (m, 6H). 
31P NMR (121 MHz, CDCl3) δ 28.46 (s). 
13C NMR (75 MHz, CDCl3) δ 143.80, 138.09, 136.60, 132.80, 132.01, 130.87, 129.93 

(d, J = 7.0 Hz), 129.78, 128.51, 128.20, 127.92, 127.67, 126.45, 125.33, 61.49 (d, J = 

6.5 Hz, 2C), 51.82 (d, J = 11.1 Hz), 46.57, 44.11 (d, J = 6.3 Hz), 38.78 (d, J = 2.2 Hz), 

32.47 (d, J = 139.4 Hz), 21.51, 16.28( t, J = 7.1 Hz, 2C). 

HRMS (ESI) Calcd for C30H36NO5PSNa+ (M+Na+) 576.1944, found 576.1939. 

 

2e, Yield = 63%, 37.6 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.1 Hz, 2H), 7.31-7.27 (m, 12H), 6.13 (s, 

1H), 4.48 (d, J = 12.0 Hz, 1H), 4.44 (d, J = 11.6 Hz, 1H), 4.09-3.95 (m, 5H), 

3.67-3.62 (m, 3H), 3.47 (d, J = 11.6 Hz, 1H), 2.88 (dd, J = 11.6 Hz, J = 4.8 Hz, 1H), 
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2.41-2.31 (m, 4H), 2.24-2.16 (m, 2H), 2.13-2.06 (m, 1H), 1.27 (t, J = 6.8 Hz, 3H), 

1.20 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.49 (s). 
13C NMR (75 MHz, CDCl3) δ 143.60, 138.23, 138.20, 132.89, 132.28, 129.93 (d, J = 

6.8 Hz), 129.71, 128.44, 128.30, 127.85, 127.68, 127.59, 127.49, 125.32, 73.05, 67.00, 

61.42 (t, J = 6.9 Hz, 2C), 52.80 (d, J = 13.1 Hz), 46.37, 37.75 (d, J = 2.7 Hz), 37.50 (d, 

J = 4.6 Hz), 33.49 (d, J = 138.2 Hz), 21.48, 16.27 (t, J = 6.8 Hz, 2C). 

HRMS (ESI) Calcd for C32H41NO6PS+ (M+H+) 598.2387, found 598.2386. 

 

2f, Yield = 50%, 31.3 mg, brown liquid. 

1H NMR (300 MHz, CDCl3) δ 7.98-7.94 (m, 2H), 7.64 (d, J = 8.3 Hz, 2H), 7.51 -7.44 

(m, 1H), 7.38-7.32 (m, 2H), 7.28-7.18 (m, 8H), 6.04 (s, 1H), 4.23 (t, J = 6.6 Hz, 2H), 

4.04-3.88 (m, 5H), 3.70 (dd, J = 15.6, J = 1.8 Hz, 1H), 3.25 (d, J = 11.7 Hz, 1H), 2.82 

(dd, J = 11.4, J = 3.6 Hz, 1H), 2.34 (s, 3H), 2.14 (dd, J = 19.2, 15.6 Hz, 1H), 1.95 (dd, 

J = 18.9, 15.6 Hz, 1H), 1.86-1.68 (m, 4H), 1.21-1.10 (m, 6H). 
31P NMR (121 MHz, CDCl3) δ 28.15 (s). 
13C NMR (75 MHz, CDCl3) δ 166.49, 143.80, 137.97, 132.98, 132.86, 132.63, 130.23, 

129.84, 129.71 (d, J = 7.4 Hz), 129.54, 128.52, 128.31, 128.00, 127.60, 125.34, 64.98, 

61.54 (dd, J = 6.8 Hz, J = 1.7 Hz, 2C), 51.74 (d, J = 12.3 Hz), 46.44, 37.82, 33.48 (d, J 

= 137.2 Hz), 29.67, 23.51, 21.50, 16.32 (t, J = 5.9 Hz, 2C). 

HRMS (ESI) Calcd for C33H40NO7PSNa+ (M+Na+) 648. 2155, found 648.2151. 

 

2g, Yield = 57%, 32.1 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 2H), 7.38-7.25 (m, 6H), 7.20-7.15 

(m, 1H), 6.11 (s, 1H), 4.12-3.97 (m, 7H), 3.79 (d, J = 15.6 Hz, 1H), 3.31 (d, J = 11.2 

Hz, 1H), 2.90 (dd, J = 11.2 Hz, J = 3.2 Hz, 1H), 2.45 (s, 3H), 2.21 (dd, J = 18.4, J = 

15.6 Hz, 1H), 2.06-1.97 (m, 4H), 1.88-1.76 (m, 2H), 1.75-1.62 (m, 2H), 1.29 (t, J = 

7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.13 (s). 
13C NMR (75 MHz, CDCl3) δ 171.03, 143.79, 137.95, 132.94, 132.57, 129.82, 129.68 

(d, J = 7.6 Hz), 128.50, 127.98, 127.58, 125.32, 64.49, 61.52 (dd, J = 6.8 Hz, J = 1.5 

Hz, 2C), 51.71 (d, J = 12.1 Hz), 46.42, 37.76 (d, J = 2.6 Hz), 34.32 (d, J = 2.9 Hz), 

33.36 (d, J = 130.5 Hz), 23.31, 21.49, 20.94, 16.30 (t, J = 6.0 Hz, 2C). 

HRMS (ESI) Calcd for C28H38NO7PSNa+ (M+Na+) 586.1999, found 586.1996. 
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2h, Yield = 58%, 32.8 mg, yellow liquid. 

1H NMR (400 MHz,CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 7.37-7.28 (m, 7H), 6.11 (s, 

1H), 4.60 (s, 2H), 4.11-3.96 (m, 5H), 3.73 (d, J = 15.6 Hz, 1H), 3.52 (t, J = 6.4 Hz, 

2H), 3.35 (s, 3H), 3.34 (dd, J = 9.2Hz), 2.84 (dd, J = 11.2, J = 4.0 Hz, 1H), 2.44 (s, 

3H), 2.23 (dd, J = 19.2, 15.6 Hz, 1H), 2.07-1.98 (m, 1H), 1.91-1.76 (m, 2H), 

1.69-1.56 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ: 28.33 (s). 
13C NMR (75 MHz, CDCl3) δ 143.74, 138.05, 132.92, 132.29, 129.98 (d, J = 7.4 Hz), 

129.78, 128.46, 127.89, 127.59, 125.31, 96.37, 67.84, 61.43 (dd, J = 6.7 Hz, J = 2.9 

Hz, 2C), 55.14, 51.84 (d, J = 12.4 Hz), 46.43, 37.79 (d, J = 2.6 Hz), 34.61 (d, J = 5.1 

Hz), 33.43 (d, J = 138.6 Hz), 24.32, 21.47, 16.27 (t, J = 6.0 Hz, 2C). 

HRMS (ESI) Calcd for C28H40NO7PSNa+ (M+Na+) 588.2155, found 588.2157. 

 

2i, Yield = 77%, 46.7 mg, colorless liquid. 
1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.1 Hz, 1H), 

7.29-7.15 (m, 8H), 7.13-7.07 (m, 1H), 7.06-7.00 (m, 2H), 5.90 (s, 1H), 4.49 (d, J = 

14.7 Hz, 1H), 4.29 (d, J = 15.0 Hz, 1H), 4.02-3.88 (m, 4H), 3.84 (dd, J = 12.9, J = 1.5 

Hz, 1H), 3.78 (dd, J = 15.6, 1.5 Hz, 1H), 3.13 (m, 2H), 2.36 (s, 3H), 2.25 (d, J = 0.9 

Hz, 3H), 2.08 (dd, J = 18.6 Hz, J = 15.6 Hz, 1H), 1.94 (dd, J = 18.3, 15.6 Hz, 1H), 

1.16 (t, J = 7.2 Hz, 3H), 1.09 (t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 27.61 (s). 
13C NMR (75 MHz, CDCl3) δ 144.01, 137.71, 137.53, 133.96, 132.36, 129.84, 128.64, 

128.54, 128.17, 127.72, 127.33 (d, J = 7.9 Hz), 127.17, 125.35, 121.57, 118.91, 

118.67, 111.10, 109.85, 61.68 (d, J = 6.6 Hz, 2C), 51.90 (d, J = 6.5 Hz), 51.11 (d, J = 

10.3 Hz), 46.71, 41.33, 31.78 (d, J = 139.2 Hz), 21.53, 16.26 (dd, J = 8.8 Hz, J = 6.2 

Hz, 2C), 9.58. 

HRMS (ESI) Calcd for C33H40N2O5PS+ (M+H+) 607.2390, found 607.2391. 

 

2j, Yield = 87%, 48.4 mg, colorless liquid. 
1H NMR (300 MHz, CDCl3) δ 7.64 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 7.15 

(d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.1 Hz, 2H), 6.75 (t, J = 1.8 Hz, 2H), 6.09 (t, J = 1.8 
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Hz, 2H), 5.86 (s, 1H), 4.22 (d, J = 14.4 Hz, 1H), 4.11 (d, J = 15.3 Hz, 1H), 4.02-3.91 

(m, 5H), 3.65 (dd, J = 15.6 Hz, J = 0.9 Hz, 1H), 3.24 (dd, J = 11.7 Hz, J = 1.8 Hz, 1H), 

2.91 (d, J = 11.4 Hz, 1H), 2.36 (s, 3H), 2.27 (s, 3H), 1.89-1.72 (m, 2H), 1.18 (t, J = 

6.6 Hz, 3H), 1.12 (t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 27.57 (s). 
13C NMR (75 MHz, CDCl3) δ 143.99, 138.15, 134.70, 134.01, 132.48, 129.84, 129.23, 

127.68, 125.92 (d, J = 7.7 Hz), 125.21, 122.61, 108.25, 61.66 (t, J = 6.7 Hz, 2C), 

54.93 (d, J = 6.2 Hz), 50.49 (d, J = 11.6 Hz), 46.68, 40.24 (d, J = 2.3 Hz), 31.29 (d, J 

= 139.4 Hz), 21.50, 21.08, 16.27 (t, J = 6.6 Hz, 2C). 

HRMS (ESI) Calcd for C29H37N2O5PSNa+ (M+Na+) 579.2053, found 579.2051. 
 

2k, Yield = 80%, 34.3 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 5.45 

(s, 1H), 4.13-4.00 (m, 4H), 3.57 (d, J = 15.6 Hz, 1H), 3.29 (d, J = 11.2 Hz, 1H), 3.19 

(d, J = 15.6 Hz, 1H), 2.53 (dd, J = 11.2 Hz, J = 4.0 Hz, 1H), 2.44 (s, 3H), 2.12 (m, 1H), 

1.94 (q, J = 7.6 Hz, 2H), 1.85 (dd, J = 18.4 Hz, J = 15.6 Hz, 1H), 1.32 (t, J = 7.2 Hz, 

3H), 1.31 (t, J = 7.2 Hz, 3H), 1.23 (s, 3H), 0.99 (t, J = 7.6 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.82 (s). 
13C NMR (75 MHz, CDCl3) δ 143.54, 133.67, 133.01, 129.67, 127.58, 127.05 (d, J = 

8.3 Hz), 61.33 (dd, J = 6.5 Hz, J = 2.3 Hz, 2C), 54.63 (d, J = 14.0 Hz), 47.24, 35.37 (d, 

J = 137.9 Hz), 34.40 (d, J = 2.6 Hz), 27.01, 25.06 (d, J = 3.7 Hz), 21.49, 16.36 (dd, J = 

6.3 Hz, J = 2.0 Hz), 11.89. 

HRMS (ESI) Calcd for C20H33NO5PS+ (M+H+) 430.1812, found 430.1810. 

 

2l, Yield = 82%, 38.6 mg, colorless liquid. 
1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 5.44 

(s, 1H), 4.04 (m, 4H), 3.50 (d, J = 15.2 Hz, 1H), 3.25-3.17 (m, 2H), 2.69 (dd, J = 11.6 

Hz, J = 4.0 Hz, 1H), 2.43 (s, 3H), 2.08 (dd, J = 18.8 Hz, J = 15.6 Hz, 1H), 1.97-1.85 

(m, 3H), 1.73-1.65 (m, 1H), 1.59-1.50 (m, 1H), 1.32-1.20 (m, 10H), 0.99 (t, J = 7.6 

Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 29.07 (s). 
13C NMR (75 MHz, CDCl3) δ 143.89, 133.98, 133.11, 129.67, 127.57, 126.41 (d, J = 

7.6 Hz), 61.26 (d, J = 6.5 Hz, 2C), 52.41 (d, J = 13.2 Hz), 47.30, 37.76 (d, J = 4.6 Hz), 

37.36 (d, J = 2.4 Hz), 33.21 (d, J = 138.5 Hz), 27.15, 25.91, 23.20, 21.49, 16.35 (dd, J 

= 6.3 Hz, J = 2.3 Hz, 2C), 14.04, 12.00. 

HRMS (ESI) Calcd for C23H38NO5PSNa+ (M+Na+) 494.2101, found 494.2099. 
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2m, Yield = 65%, 32.8 mg, brown liquid. 
1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 

7.22-7.14 (m, 5H), 5.32 (s, 1H), 4.01-3.88 (m, 4H), 3.34 (d, J = 17.1 Hz, 1H), 3.28 (d, 

J = 17.1 Hz, 1H), 3.05 (d, J = 13.2 Hz, 1H), 2.96 (d, J = 11.4 Hz, 1H), 2.86 (dd, J = 

11.4 Hz, J = 3.9 Hz, 1H), 2.77 (d, J = 13.5 Hz, 1H), 2.36 (s, 3H), 1.95-1.83 (m, 3H), 

1.73 (dd, J = 18.3 Hz, J = 15.3, 1H), 1.23-1.16 (m, 6H), 0.92 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.81 (s). 
13C NMR (75 MHz, CDCl3) δ 143.68, 136.91, 134.35, 132.88, 130.93, 129.73, 128.08, 

127.68, 126.51, 125.98 (d, J = 7.1 Hz), 61.39 (dd, J = 6.4 Hz, J = 2.8 Hz, 2C), 52.32 

(d, J = 11.9 Hz), 47.47, 43.98 (d, J = 5.9 Hz), 38.21 (d, J = 2.3 Hz), 32.39 (d, J = 

138.5 Hz), 27.19, 21.56, 16.41 (dd, J = 6.2 Hz, J = 3.7 Hz), 11.98. 

HRMS (ESI) Calcd for C26H36NO5PSNa+ (M+Na+) 528.1944, found 528.1946. 

 

2n, Yield = 46%, 25.3 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 2H), 7.34-7.25 (m, 7H), 5.45 (s, 

1H), 4.47 (d, J = 11.6 Hz, 1H), 4.42 (d, J = 11.6 Hz, 1H), 4.08-3.96 (m, 4H), 

3.63-3.52 (m, 3H), 3.36 (d, J = 11.6 Hz, 1H), 3.15 (d, J = 15.6 Hz, 1H), 2.74 (dd, J = 

11.2 Hz, J = 4.8 Hz, 1H), 2.42 (s, 3H), 2.26 (dd, J = 18.8 Hz, J = 15.6 Hz, 1H), 

2.12-1.90 (m, 5H), 1.30 (t, J = 6.8 Hz, 3H), 1.28 (t, J = 6.8 Hz, 3H), 0.97 (t, J = 7.2 Hz, 

3H). 
31P NMR (121 MHz, CDCl3) δ: 28.86 (s). 
13C NMR (75 MHz, CDCl3) δ 143.43, 138.32, 134.78, 132.91, 129.61, 128.26, 127.64, 

127.56, 127.44, 125.79 (d, J = 6.9 Hz), 72.94, 66.98, 61.26(dd, J = 6.7 Hz, J = 3.5 Hz, 

2C), 53.23 (d, J = 13.9 Hz), 47.23, 37.33 (d, J = 4.1 Hz), 37.11 (d, J = 2.7 Hz), 34.46 

(d, J = 137.8 Hz), 27.12, 21.47, 16.32 (dd, J = 6.3 Hz, J = 3.2 Hz, 2c), 11.96. 

HRMS (ESI) Calcd for C28H40NO6PSNa+ (M+Na+) 572.2206, found 572.2203. 

 

2o, Yield = 88%, 40.2 mg, yellow liquid. 
1H NMR (300 MHz, CDCl3) δ 7.60 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.1 Hz, 2H), 5.38 

(s, 1H), 4.06 -3.91 (m, 4H), 3.48 (d, J = 15.6 Hz, 1H), 3.21 (d, J = 11.4 Hz, 1H), 3.12 

(d, J = 15.6 Hz, 1H), 2.46 (dd, J = 11.4 Hz, J = 3.9 Hz, 1H), 2.36 (s, 3H), 2.02 (dd, J = 
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18.6 Hz, J = 15.4 Hz, 1H), 1.84-1.72 (m, 3H), 1.28-1.18 (m, 10H), 1.15 (s, 3H), 0.80 

(t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.78 (s). 
13C NMR (75 MHz, CDCl3) δ 143.53, 133.15, 132.36, 129.67, 128.15 (d, J = 8.4 Hz), 

127.60, 61.31 (dd, J = 6.4 Hz, J = 2.6 Hz, 2C), 54.61 (d, J = 13.7 Hz), 47.27, 35.44 (d, 

J = 140.6 Hz), 35.53, 34.08, 29.22, 25.08 (d, J = 3.5 Hz), 22.33, 21.50, 16.38 (dd, J = 

6.2 Hz, J = 2.1 Hz, 2C),13.84. 

HRMS (ESI) Calcd for C22H36NO5PSK+ (M+K+) 496.1683, found 496.1680. 

 

2p, Yield = 78%, 35.6 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 5.43 

(s, 1H), 4.12-4.00 (m, 4H), 3.51 (d, J = 15.6 Hz, 1H), 3.28 (d, J = 11.2 Hz, 1H), 3.16 

(d, J = 15.6 Hz, 1H), 2.54 (dd, J = 11.6 Hz, J = 3.6 Hz, 1H), 2.43 (s, 3H), 2.06 (dd, J = 

18.8 Hz, J = 15.2 Hz, 1H), 1.86 (dd, J = 18.0 Hz, J = 15.6 Hz, 1H), 1.78 (d, J = 6.8 Hz, 

2H), 1.71-1.60 (m, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H), 1.22 (s, 3H), 

0.83 (d, J = 6.4 Hz, 3H), 0.81 (d, J = 6.4 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.80 (s). 
13C NMR (100 Hz, CDCl3) δ 143.52, 133.13, 131.18, 129.79 (d, J = 8.7 Hz), 129.670, 

127.57, 61.32 (t, J = 6.3 Hz, 2C), 54.53 (d, J = 13.5 Hz), 47.29, 44.08, 35.43 (d, J = 

137.1 Hz), 34.62 (d, J = 2.5 Hz), 26.21, 25.05 (d, J = 3.7 Hz), 22.41, 22.17, 21.50, 

16.38 (dd, J = 6.3 Hz, J = 2.4 Hz, 2C). 

HRMS (ESI) Calcd for C22H36NO5PSNa+ (M+Na+) 480.1944, found 480.1941. 

 

2q, Yield = 52%, 25.5 mg, brown liquid. 
1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 8.1 Hz, 2H), 7.28-7.18 (m, 5H), 7.04-7.00 

(m, 2H), 4.13-3.99 (m, 4H), 3.68 (dd. J = 15.6 Hz, J = 1.5 Hz, 1H), 3.62 (d, J = 11.4 

Hz, 1H), 3.41 (dd, J = 15.6 Hz, J = 1.2 Hz, 1H), 2.68 (d, J = 11.4 Hz, 1H), 2.34 (s, 

3H), 2.13 (t, J = 15.9 Hz, 1H), 1.94 (dd, J = 19.5 Hz, J = 15.9 Hz, 1H), 1.67 (s, 3H), 

1.44 (t, J = 1.8 Hz, 3H), 1.32-1.25 (m, 6H). 
31P NMR (121 MHz, CDCl3) δ 28.69 (s). 
13C NMR (75 Hz, CDCl3) δ 143.53, 139.59, 134.61 (d, J = 13.5 Hz), 132.72, 129.65, 

129.44, 128.83, 128.35, 127.78, 127.26, 61.71 (d, J = 6.3 Hz), 61.39 (d, J = 6.7 Hz), 

53.39, 50.08, 37.72 (d, J = 2.4 Hz), 32.19 (d, J = 149.8 Hz), 29.68, 23.13 (d, J = 6.8 

Hz), 21.52, 16.46 (dd, J = 6.3 Hz, J = 2.9 Hz, 2C), 14.68. 

HRMS (ESI) Calcd for C25H35NO5PS+ (M+H+) 492.1968, found 492.1970. 
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2r, Yield = 48%, 24.2 mg, yellow liquid. 
1H NMR (300 MHz, CDCl3) δ 7.67 (d, J = 8.1 Hz, 2H), 7.31-7.19 (m, 5H), 6.91-6.84 

(m, 2H), 4.06-3.89 (m, 4H), 3.57-3.40 (m, 3H), 2.95 (d, J = 11.4 Hz, 1H), 2.38 (s, 3H), 

1.96 (t, J = 16.2 Hz, 1H), 1.75 (dd,J = 20.1 Hz, J = 15.9 Hz, 1H), 1.54 (q, J = 7.5 Hz, 

2H), 1.27-1.17 (m, 6H), 1.15 (s, 3H), 0.71 (t, J = 7.5 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ: 28.78 (s). 
13C NMR (75 Hz, CDCl3) δ 143.53, 139.18 (d, J = 17.2 Hz), 137.75, 132.95, 131.66, 

130.13, 129.68, 128.800, 127.88, 126.90, 61.64 (d, J = 6.5 Hz), 61.30 (d, J = 6.8 Hz), 

53.53, 47.48, 37.67 (d, J = 2.0 Hz), 25.34, 23.70 (d, J = 4.0 Hz), 21.55, 16.39 (dd, J = 

6.2 Hz, J = 2.3 Hz, 2C),13.10. 

HRMS (ESI) Calcd for C26H36NO5PSNa+ (M+Na+) 528.1944, found 528.1950. 

 

2s, Yield = 88%, 63.1 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.66 (d, J = 8.4 Hz, 2H), 7.30 – 7.18 (m, 8H), 7.11 (dd, 

J = 8.1 Hz, J = 1.6 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 6.94-6.88 (m, 1H), 6.16 (s, 1H), 

4.30 (d, J = 8.7 Hz, 1H), 4.09 (d, J = 8.7 Hz, 1H), 4.00-3.88 (m, 6H), 3.29 (d, J = 12.0, 

1H), 3.25 (d, J = 14.1, 1H), 2.33-2.23 (m, 5H), 1.13 (q, J = 6.9 Hz, 3H), 1.11 (q, J = 

6.9 Hz, 3H).  
31P NMR (121 MHz, CDCl3) δ 27.59 (s). 
13C NMR (75 Hz, CDCl3) δ 150.41, 143.77, 138.68, 137.79, 135.32, 132.93, 129.77, 

129.33, 128.52, 128.20, 127.69, 125.48, 125.35 (d, J = 6.7 Hz), 121.93, 121.28, 

114.28, 71.93 (d, J = 4.1 Hz), 66.66 (dd, J = 6.5 Hz, J = 3.0 Hz, 2C), 49.98 (d, J = 

12.9 Hz), 46.62, 39.42 (d, J = 2.2 Hz), 30.40 (d, J = 136.9 Hz), 21.46, 16.19 (d, J = 6.1 

Hz, 2C). 

HRMS (ESI) Calcd for C31H35F3NO9PS2Na+ (M+Na+) 740.1335, found 740.1331. 

 

2t, Yield = 40%, 25.9 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.66 (dd, J = 7.8 Hz, J = 1.5 Hz, 1H), 7.62 (d, J = 8.1 

Hz, 2H), 7.22-7.17 (m, 3H), 6.70-6.60 (m, 2H), 5.58 (s, 1H), 4.12 (d, J = 8.7 Hz, 1H), 

3.96-3.88 (m, 4H), 3.76 (d, J = 8.4 Hz, 1H), 3.50 (d, J = 15.9 Hz, 1H), 3.39 (d, J = 
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15.9 Hz, 1H), 3.22 (d, J = 11.7 Hz, 1H), 3.10 (dd, J = 11.7 Hz, J = 2.7 Hz, 1H), 

2.33-2.15 (m, 5H), 1.95 (q, J = 7.5, 2H), 1.17 (t, J = 6.9 Hz, 3H), 1.11 (t, J = 6.9 Hz, 

3H), 0.97 (t, J = 7.5 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.19 (s). 
13C NMR (75 Hz, CDCl3) δ 156.72, 143.65, 139.04, 137.63, 133.21, 129.71, 129.48, 

127.66, 122.61, 121.69 (d, J = 5.9 Hz), 122.17, 86.49, 71.75 (d, J = 4.0 Hz), 61.53 (dd, 

J = 6.0 Hz, J = 4.0 Hz, 2C), 50.90 (d, J = 15.4 Hz), 47.37, 39.02 (d, J = 2.4 Hz), 29.68, 

27.35, 21.51, 16.21 (t, J = 5.2 Hz, 2C), 11.92. 

HRMS (ESI) Calcd for C26H35INO6PSNa+ (M+Na+) 670.0860, found 670.0858. 

 

2u, Yield = 95%, 41.6 mg, yellow liquid. 
1H NMR (300 MHz, CDCl3) δ 7.38-7.33 (m, 2H), 7.28-7.21 (m, 2H), 7.20-7.16 (m, 

1H), 5.81 (s, 1H), 4.05-3.93 (m, 4H), 3.66 (s, 3H), 3.64 (s, 3H), 2.96 (d, J = 16.8 Hz, 

1H), 2.60 (dd, J = 16.5 Hz, J = 1.8 Hz, 1H), 2.48 (d, J = 14.1 Hz, 1H), 2.27 (d, J = 

14.4 Hz, 1H), 1.85 (s, 1H), 1.79 (s, 1H), 1.21 (t, J = 6.9 Hz, 3H), 1.21 (t, J = 6.9 Hz, 

3H),1.12 (s, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.36 (s). 
13C NMR (75 Hz, CDCl3) δ 172.08, 171.83, 141.39, 133.09 (d, J = 1.1 Hz), 131.33 (d, 

J = 10.4 Hz), 128.22, 127.16, 125.79, 61.33 (dd, J = 6.5 Hz, J = 3.2 Hz, 2C), 52.87, 

52.70, 52.47, 39.29 (d, J = 136.4 Hz), 39.19 (d, J = 8.1 Hz), 33.90 (d, J = 3.0 Hz), 

32.54, 28.72 (d, J = 7.6 Hz), 16.34 (dd, J = 6.4 Hz, J = 1.5 Hz, 2C). 

HRMS (ESI) Calcd for C22H31O7PNa+ (M+Na+) 461.1700, found 461.1796. 

 

2w, Yield = 62%, 28.0 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 7.6 Hz, 1H), 7.36 

(d, J = 8.0 Hz, 2H), 7.17 (m, 2H), 7.00 (d, J = 7.6 Hz, 1H), 4.38 (d, J = 14.8 Hz, 1H), 

4.06-3.90 (m, 5H), 3.75 (d, J = 12.0 Hz, 1H), 2.83 (d, J = 11.6 Hz, 1H), 2.43 (s, 3H), 

2.31 (s, 1H), 2.27 (s, 1H), 1.55 (s, 3H), 1.27 (d, J = 6.8 Hz, 3H), 1.19 (t, J = 6.8 Hz, 

3H). 
31P NMR (121 MHz, CDCl3) δ 27.71 (s). 
13C NMR (75 Hz, CDCl3) δ 143.71, 140.86 (d, J = 11.3 Hz), 132.95, 130.55, 129.75, 

127.76, 127.05, 126.79, 126.58, 126.20, 61.38 (dd, J = 17.0 Hz, J = 6.2 Hz, 2C), 54.42 

(d, J = 6.5 Hz), 48.44, 36.86 (d, J = 2.0 Hz), 36.29 (d, J = 137.3 Hz), 26.24 (d, J = 5.3 

Hz), 21.51, 16.29 (dd, J = 9.2 Hz, J = 6.2 Hz, 2C). 

HRMS (ESI) Calcd for C22H31NO5PS+ (M+H+) 452.1655, found 452.1659. 
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2x, Yield = 51%, 27.5 mg, brown liquid. 
1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 3H), 

7.23-7.12 (m, 2H), 7.01 (d, J = 7.6 Hz, 1H), 4.55 (s, 2H), 4.25 (d, J = 14.8 Hz, 1H), 

4.11 (d, J = 14.4 Hz, 1H), 3.97-3.81 (m, 4H), 3.62 (d, J = 12.0 Hz, 1H), 3.44 (td, J = 

6.4 Hz, J = 1.6 Hz, 2H), 3.32 (s, 3H), 3.14 (d, J = 11.6 Hz, 1H), 2.43 (s, 3H), 

2.39-2.26 (m, 2H), 2.20-2.11 (m, 1H), 2.04-1.95 (m, 1H), 1.51-1.35 (m, 2H), 1.20 (t, J 

= 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H). 
13C NMR (75 Hz, CDCl3) δ 143.73, 138.56 (d, J = 9.8 Hz), 132.84, 131.48, 129.79, 

127.76, 127.19, 126.82, 126.57, 126.41, 93.32, 67.76, 61.47 (d, J = 4.4 Hz), 61.15 (d, 

J = 5.7 Hz), 55.14, 51.69 (d, J = 5.6 Hz), 48.50, 39.92, 35.65 (d, J = 6.8 Hz), 24.61, 

21.51, 16.23 (t, J = 6.5 Hz, 2C). 
31P NMR (121 MHz, CDCl3) δ 27.80 (s). 

HRMS (ESI) Calcd for C26H38NO7PSNa+ (M+Na+) 562.1999, found 562.2001. 

 

2z, Yield = 32%, 16.7 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.0 Hz, 2H), 7.28-7.21 (m, 4H), 7.12 (d, J 

= 8.0 Hz, 2H), 6.05 (s, 1H), 3.92-3.62 (m, 5H), 3.44 (d, J = 11.6 Hz, 1H), 3.20 (d, J = 

15.6 Hz, 1H), 2.80 (dd, J = 11.6 Hz, J = 5.2 Hz, 1H), 2.58 (dd, J = 18.8 Hz, J = 15.6 

Hz, 1H), 2.46 (dd, J = 18.0 Hz, J = 15.6 Hz, 1H), 2.39 (s, 3H), 2.31 (s, 3H), 2.08 (q, J 

= 7.6 Hz, 2H), 1.17-1.07 (m, 9H). 
31P NMR (121 MHz, CDCl3) δ 27.98 (s). 
13C NMR (75 Hz, CDCl3) δ 143.50, 140.32 (d, J = 3.9 Hz), 136.30, 135.32, 133.04, 

129.63, 128.96, 127.57, 126.40, 124.97 (d, J = 4.4 Hz), 61.07(dd, J = 6.5 Hz, J = 2.9 

Hz, 2C), 55.59 (d, J = 17.3 Hz), 47.24, 41.19 (d, J = 2.4 Hz), 35.79 (d, J = 140.9 Hz), 

27.43, 21.46, 20.90, 16.16 (dd, J = 6.5 Hz, J = 1.4 Hz, 2C), 12.10. 

HRMS (ESI) Calcd for C26H36NO5PSNa+ (M+Na+) 528.1944, found 528.1940. 

 

  4, Yield = 48%, 24.2 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.35 (dd, J = 17.2 Hz, J = 8.0 

Hz, 4H), 7.13 (d, J = 7.6 Hz, 2H), 5.39 (s, 1H), 5.31 (d, J = 14.8 Hz, 1H), 5.19 (s, 1H), 



S14 
 

4.30 (s, 2H), 4.11 (s, 2H), 4.03-3.94 (m, 4H), 2.44 (s, 3H), 2.34 (s, 3H), 2.02 (q, J = 

6.8 Hz, 2H), 1.27 (t, J = 7.2 Hz, 6H), 0.84 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 17.48 (s). 
13C NMR (75 Hz, CDCl3) δ 143.56, 142.06, 137.62, 135.29, 134.88, 129.76, 128.92, 

127.64, 126.40, 116.03, 61.39 (d, J = 5.4 Hz, 2C), 54.09, 29.67 (d, J = 2.5 Hz), 27.94 

(d, J = 20.4 Hz), 21.53, 21.12, 16.30 (d, J = 6.5 Hz, 2C), 11.35. 

HRMS (ESI) Calcd for C26H36NO5PSNa+ (M+Na+) 528.1944, found 528.1947. 
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4. Synthesis and Data of Products 3 

 
To a 25 mL flask was added catalysts Pd(OAc)2 (0.01 mmol, 2.24 mg), DPPF (0.02 

mmol, 11.1 mg), CsF (0.20 mmol, 30.4 mg), 1 (0.1 mmol), and toluene (1.5 mL). 

Then, a solution of HP(S)(OEt)2 (0.2 mmol, 30.8 mg) in toluene (1.5 mL) was added. 

The resulting mixture was stirred at 65 oC (oil bath). After 12 h, the solvent was 

removed and the residue was directly subjected to silica gel column chromatography 

(petroleum ether/ethyl acetate as eluent) to give product 3. 

 

3a, Yield = 95%, 46.8 mg, colorless liquid. 

1H NMR (300 MHz, CDCl3) δ 7.63 (d, J = 8.1 Hz, 2H), 7.24-7.14 (m, 7H), 6.09 (s, 

1H), 4.09-3.85 (m, 5H), 3.65 (dd, J = 15.6 Hz, J = 1.8 Hz, 1H), 3.26 (d, J = 11.4 Hz, 

1H), 2.66 (dd, J = 11.4 Hz, J = 4.5 Hz, 1H), 2.41 (dd, J = 17.1 Hz, J = 15.3 Hz, 1H), 

2.34 (s, 3H), 2.12 (t, J = 15.3 Hz, 1H), 1.29 (s, 3H), 1.18 (d, J = 6.9 Hz, 3H), 1.14 (t, J 

= 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.32 (s). 
13C NMR (75 MHz, CDCl3) δ 143.71, 138.09, 132.98, 131.11, 130.98 (d, J = 7.9 Hz), 

129.75, 128.74, 127.83, 127.64, 125.29, 62.13 (dd, J = 7.1 Hz, J = 4.9 Hz, 2C), 54.34 

(d, J = 13.1 Hz), 46.33, 44.16 (d, J = 109.7 Hz), 35.71 (d, J = 2.9 Hz), 25.13 (d, J = 

4.4 Hz), 21.50, 16.99 (d, J = 7.3 Hz, 2C). 

HRMS (ESI) Calcd for C24H32NO4PS2Na+ (M+Na+) 514.1403, found 514.1400. 

 

3b, Yield = 92%, 46.6 mg, yellow solid. 

1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 7.36-7.26 (m, 7H), 6.19 (s, 

1H), 4.15-3.96 (m, 4H), 3.90 (dd, J = 15.6 Hz, J = 1.2 Hz, 1H), 3.2 (dd, J = 15.6 Hz, J 

= 1.2 Hz, 1H), 3.26 (d, J = 11.6 Hz, 1H), 2.93 (dd, J = 11.6 Hz, J = 4.4 Hz, 1H), 

2.51-2.42 (m, 4H), 2.27 (t, J = 15.6 Hz, 1H), 2.00-1.90 (m, 1H), 1.83-1.73 (m, 1H), 

1.24 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H), 0.92 (t, J = 7.6 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.57 (s). 
13C NMR (100 MHz, CDCl3) δ 143.70, 138.26, 132.96, 131.58, 130.30 (d, J = 6.7 Hz), 

129.73, 128.47, 127.79, 127.64, 125.33, 62.10 (t, J = 7.2 Hz, 2C), 51.68 (d, J = 12.0 
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Hz), 46.42, 41.32 (d, J = 110.3 Hz), 38.84, 30.79, 21.51, 16.06 (d, J = 7.3 Hz, 2C), 

8.30. 

HRMS (ESI) Calcd for C25H35NO4PS2
+ (M+H+) 508.1740, found 508.1736. 

 

3c, Yield = 85%, 46.7 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 2H), 7.37-7.28 (m, 7H), 6.18 (s, 

1H), 4.14-3.98 (m, 4H), 3.92 (d, J = 16.0 Hz, 1H), 3.79 (d, J = 15.6 Hz, 1H), 3.29 (d, J 

= 11.6 Hz, 1H), 2.88 (dd, J = 11.2 Hz, J = 4.4 Hz, 1H), 2.54-2.44 (m, 4H), 2.27 (t, J = 

15.6 Hz, 1H), 1.93-1.84 (m, 1H), 1.76-1.68 (m, 1H), 1.54-1.47 (m, 1H), 1.26-1.18 (m, 

8H), 0.90 (d, J = 5.6 Hz, 6H). 
31P NMR (121 MHz, CDCl3) δ 93.76 (s). 
13C NMR (100 MHz, CDCl3) δ 143.69, 138.26, 133.02, 131.30, 130.47 (d, J = 7.0 Hz), 

129.76, 128.46, 127.78, 127.65, 125.31, 62.10 (t, J = 7.3 Hz, 2C), 52.07 (d, J = 11.5 

Hz), 46.38, 41.80 (d, J = 110.0 Hz), 38.62 (d, J = 2.9 Hz), 36.06 (d, J = 5.5 Hz), 32.62, 

28.62, 22.59 (d, J = 10.4 Hz), 21.52, 16.08 (d, J = 7.4 Hz, 2C). 

HRMS (ESI) Calcd for C28H40NO4PS2Na+ (M+Na+) 572.2029, found 572.2033. 

 

3d, Yield = 84%, 47.8 mg, brown liquid. 
1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.0 Hz, 2H), 7.37-7.25 (m, 12H), 6.09 (s, 

1H), 4.11-3.94 (m, 5H), 3.80 (dd, J = 15.6 Hz, J = 1.2 Hz, 1H), 3.30 (d, J = 13.6 Hz, 

1H), 3.18 (s, 2H), 3.05 (d, J = 13.2 Hz, 1H), 2.45 (s, 3H), 2.36 (dd, J = 17.2 Hz, J = 

15.6 Hz, 1H), 2.24 (t, J = 15.6 Hz, 1H), 1.20 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 

3H). 
31P NMR (121 MHz, CDCl3) δ 93.20 (s). 
13C NMR (75 MHz, CDCl3) δ 143.79, 138.13, 136.57, 132.67, 131.52, 130.92, 129.84, 

129.74, 128.49, 128.19, 127.86, 127.72, 126.63, 125.31, 62.12 (d, J = 7.3 Hz, 2C), 

51.65 (d, J = 10.1 Hz), 46.54, 44.00 (d, J = 6.8 Hz), 40.84 (d, J = 110.3 Hz), 39.37 (d, 

J = 2.7 Hz), 21.51, 16.03 (dd, J = 7.2 Hz, J = 2.5 Hz, 2C). 

HRMS (ESI) Calcd for C30H36NO4PS2K
+ (M+K+) 608.1455, found 608.1450. 

 

3e, Yield = 80%, 49.0 mg yellow liquid. 
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1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.0 Hz, 2H), 7.32-7.27 (m, 12H), 6.18 (s, 

1H), 4.48 (d, J = 11.6, 1H), 4.45 (d, J = 11.6 Hz, 1H), 4.13-3.92 (m, 5H), 3.72-3.62 (m, 

3H), 3.44 (d, J = 11.6 Hz, 1H), 2.93 (dd, J = 11.6 Hz, J= 4.8 Hz, 1H), 2.64 (dd, J = 

17.2 Hz, J = 15.6 Hz, 1H), 2.42 (m, 4H), 2.32-2.26 (m, 1H), 2.14-2.05 (m, 1H), 1.23 

(t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.29 (s). 
13C NMR (75 MHz, CDCl3) δ 143.62, 138.25, 138.17, 132.82, 131.85, 129.88 (d, J = 

7.1 Hz), 129.70, 128.44, 128.31, 127.81, 127.68, 127.64, 127.50, 125.33, 73.06, 67.03, 

62.10 (t, J = 6.7 Hz, 2C), 52.92 (d, J = 12.2 Hz), 46.35, 42.02 (d, J = 109.4 Hz), 38.38, 

37.46, 21.50,16.05 (dd, J = 7.4 Hz, J = 0.8 Hz, 2C). 

HRMS (ESI) Calcd for C32H40NO5PS2Na+ (M+Na+) 636.1978, found 636.1981. 

 

3f, Yield = 72%, 46.2 mg, colorless liquid. 

1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.6 Hz, 2H), 7.73 (d, J = 8.0 Hz, 2H), 7.56 

(t, J = 7.2 Hz, 1H), 7.44 (t, J = 8.0 Hz, 2H), 7.37-7.27 (m, 7H), 6.20 (s, 1H), 4.32 (t, J 

= 6.8 Hz, 2H), 4.15-3.97 (m, 4H), 3.92 (dd, J = 16.0 Hz, J = 1.2 Hz, 1 H), 3.84 (dd, J 

= 15.6 Hz, J = 1.2 Hz, 1H), 3.31 (d, J = 11.6 Hz, 1H), 2.99 (dd, J = 11.6 Hz, J = 4.4 

Hz, 1H), 2.52 ( dd, J= 17.6 Hz, J= 15.6 Hz, 1H), 2.43 (s, 1H), 2.29 (t, J= 15.2 Hz, 1H), 

2.10-2.02 (m , 1H), 1.98-1.91 (m, 1H), 1.89-1.76 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H), 

1.20 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.83 (s). 
13C NMR (75 MHz, CDCl3) δ 166.50, 143.79, 138.01, 132.90, 132.85, 132.16, 130.21, 

129.80, 129.72 (d, J = 7.9 Hz), 129.56, 128.50, 128.29, 127.93, 127.62, 125.32, 64.95, 

62.17 (dd, J = 7.1 Hz, J = 4.7 Hz, 2C), 52.01 (d, J = 12.0 Hz), 46.39, 41.88 (d, J = 

110.3 Hz), 38.44, 34.34 (d, J = 5.4 Hz), 23.47, 21.50, 16.07 (dd, J = 7.2 Hz, J = 1.1 Hz, 

2C). 

HRMS (ESI) Calcd for C33H41NO6PS2
+ (M+H+) 642.2107, found 642.2103. 

 

3g, Yield = 43%, 24.9 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.4 Hz, 2H), 7.37-7.32 (m, 7H), 6.15 (s, 

1H), 4.15-3.97 (m, 6H), 3.88 (d, J = 15.6, 1H), 3.85 (d, J = 16.0 Hz, 1H), 3.25 (d, J = 

11.6 Hz, 1H), 2.98 (dd, J = 11.2 Hz, J = 3.6 Hz, 1H), 2.53-2.44 (m, 4H), 2.24 (t, J = 

15.6 Hz, 1H), 2.05 (s, 3H), 2.00-1.91 (m, 1H), 1.85-1.77 (m, 1H), 1.75-1.64 (m, 2H), 

1.25 (t, J = 6.8 Hz, 3H), 1.20 (t, J = 7 2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.82 (s). 
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13C NMR (75 MHz, CDCl3) δ 171.08, 143.81, 138.05, 132.89, 132.12, 129.81, 129.68, 

128.52, 127.96, 127.66, 125.35, 64.51, 62.19 (d, J = 7.1 Hz, J = 4.3 Hz, 2C), 52.03 (d, 

J = 11.6 Hz), 46.41, 41.83 (d, J = 110.3 Hz), 38.42 (d, J = 2.7 Hz), 34.31 (d, J = 5.4 

Hz), 23.32, 21.52, 20.98, 16.09 (d, J = 7.35 Hz, 2C). 

HRMS (ESI) Calcd for C28H38NO6PS2Na+ (M+Na+) 602.1770, found 602.1771. 

 

3h, Yield = 81%, 47.1 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.0 Hz, 2H), 7.37-7.28 (m, 7H), 6.16 (s, 

1H), 4.61 (s, 2H), 4.15-3.97 (m, 4H), 3.91 (d, J = 15.6 Hz, 1H), 3.80 (d, J = 15.6 Hz, 

1H), 3.56-3.47 (m, 2H), 3.36 (s, 3H), 3.29 (d, J = 11.6 Hz, 1H), 2.94 (dd, J = 11.2 Hz, 

J = 4.0 Hz, 1H), 2.55-2.44 (m, 4H), 2.27 (t, J = 15.6 Hz, 1H), 2.01-1.92 (m, 1H), 

1.86-1.77 (m, 1H), 1.68-1.58 (m, 2H), 1.24 (t, J = 6.8 Hz, 3H), 1.21 (t, J = 6.8 Hz, 

3H). 
31P NMR (121 MHz, CDCl3) δ: 93.18 (s). 
13C NMR (75 MHz, CDCl3) δ 143.76, 138.16, 132.90, 131.84, 130.03 (d, J = 7.5 Hz), 

129.78, 128.49, 127.88, 127.67, 125.35, 96.41, 67.88, 62.15 (dd, J = 7.1 Hz, J = 5.6 

Hz, 2C), 55.19, 52.12 (d, J = 12.8 Hz), 46.34, 41.93 (d, J = 110.2 Hz), 38.48 (d, J = 

2.9 Hz), 34.70 (d, J = 5.5 Hz), 24.33, 21.52, 16.08 (d, J = 7.3 Hz, 2C). 

HRMS (ESI) Calcd for C28H41NO6PS2
+ (M+H+) 582.2107, found 582.2110. 

 

3i, Yield = 70%, 43.5 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.27 

-7.20 (m, 6H), 7.17-7.12 (m, 2H), 7.11-7.01 (m, 3H), 5.94 (s, 1H), 4.52 (d, J = 15.0 

Hz, 1H), 4.40 (d, J = 14.7 Hz, 1H), 4.03-3.89 (m, 4H), 3.86-3.71 (m, 2H), 3.20 (d, J = 

10.2 Hz, 1H), 3.16 (d, J = 10.2 Hz, 1H), 2.40-2.33 (m, 4H), 2.90-2.20 (m, 4H), 1.14 (t, 

J = 6.9 Hz, 3H), 1.08 (t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 91.73 (s). 
13C NMR (75 MHz, CDCl3) δ 144.00, 137.79, 137.56, 133.54, 132.27, 129.81, 128.62, 

128.52, 128.11, 127.79, 127.31 (d, J = 8.0 Hz), 127.11, 125.81, 121.58, 118.93, 

118.77, 111.15, 109.86, 62.30 (dd, J = 6.6 Hz, J = 0.75 Hz, 2C), 51.27 (dd, J = 71.1 

Hz, J = 6.2 Hz), 46.69, 41.77 (d, J = 2.3 Hz), 39.44, 29.69, 21.55, 16.05 (dd, J = 7.1 

Hz, J = 3.8 Hz, 2C), 9.60. 

HRMS (ESI) Calcd for C33H39N2O4PS2K
+ (M+K+) 661.1720, found 661.1716. 
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3j, Yield = 72%, 41.2 mg, brown liquid. 
1H NMR (300 MHz, CDCl3) δ 7.72 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 7.8 Hz, 2H), 7.24 

(d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 6.84 (t, J = 2.1 Hz, 2H), 6.18 (t, J = 2.1 

Hz, 2H), 5.97 (s, 1H), 4.35 (d, J = 14.4 Hz, 1H), 426 (dd, J = 14.1 Hz, J = 0.6 Hz, 1H), 

4.14-3.95 (m, 5H), 3.66 (dd, J = 15.6 Hz, J = 1.8 Hz, 1H), 3.39 (dd, J = 11.7 Hz, J = 

2.4 Hz, 1H), 3.02 (d, J = 11.7 Hz, 1H), 2.45 (s, 3H), 2.35 (s, 3H), 2.27-2.16 (m, 2H), 

1.23 (t, J = 6.9 Hz, 3H), 1.18 (t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 91.89 (s). 
13C NMR (75 MHz, CDCl3) δ 143.99, 138.11, 134.81, 133.54, 132.43, 129.82, 129.25, 

127.79, 125.93 (d, J = 8.6 Hz), 125.27, 122.66, 108.28, 62.28 (dd, J = 6.8 Hz, J = 4.7 

Hz, 2C), 54.84 (d, J = 6.6 Hz), 50.34 (d, J = 10.1 Hz), 46.71, 40.73 (d, J = 2.4 Hz), 

39.64 (d, J = 110.8 Hz), 21.53, 21.10, 16.07 (dd, J = 7.1 Hz, J = 3.7 Hz). 

HRMS (ESI) Calcd for C29H38N2O4PS2
+ (M+H+) 573.2005, found 573.2009. 

 

3k, Yield = 89%, 39.6 mg, colorless liquid. 
1H NMR (300 MHz, CDCl3) δ 7.67 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 5.49 

(s, 1H), 4.18-3.99 (m, 4H), 3.49 (d, J = 15.3 Hz, 1H), 3.26-3.20 (m, 2H), 2.63 (dd, J = 

11.1 Hz, J = 4.2 Hz, 1H), 2.44-2.31 (m, 4H), 2.11 (t, J = 15.3 Hz, 1H), 1.92 (q, J = 7.5 

Hz, 2H), 1.32-1.26 (m, 9H), 0.99 (t, J = 7.5 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.96 (s). 
13C NMR (75 MHz, CDCl3) δ 143.59, 133.35, 133.05, 129.71, 127.69, 127.13 (d, J = 

8.7 Hz), 62.07 (dd, J = 7.1 Hz, J = 2.9 Hz, 2C), 54.72 (d, J = 12.9 Hz), 47.30, 44.15 (d, 

J = 108.9 Hz), 35.20 (d, J = 3.0 Hz), 27.07, 25.11 (d, J = 4.0 Hz), 21.56, 16.20 (dd, J = 

7.3 Hz, J = 1.7 Hz, 2C), 11.89. 

HRMS (ESI) Calcd for C20H32NO4PS2Na+ (M+Na+) 468.1403, found 468.1405. 

 

3l, Yield = 82%, 39.9 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 5.48 

(s, 1H), 4.15-3.96 (m, 4H), 3.43 (d, J = 15.2 Hz, 1H), 3.28 (d, J = 15.2 Hz, 1H), 3.14 

(d, J = 11.2 Hz, 1H), 2.80 (dd, J = 11.2 Hz, J = 4.0 Hz, 1H), 2.43 (s, 3H), 2.36 (dd, J = 

17.2 Hz, 15.6 Hz, 1H), 2.15 (t, J = 15.6 Hz, 1H), 1.94 (q, J = 7.2 Hz, 2H), 1.82-1.75 
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(m, 1H), 1.60-1.52 (m, 1H), 1.29-1.22 (m, 10H), 1.00 (t, J = 7.6 Hz, 3H), 0.89 (t, J = 

7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 94.26 (s). 
13C NMR (75 MHz, CDCl3) δ 143.49, 133.49, 133.03, 129.65, 127.63, 126.38 (d, J = 

8.1 Hz), 61.96 (dd, J = 7.1 Hz, J = 2.6 Hz, 2C), 52.65 (d, J = 12.2 Hz), 47.30, 41.74 (d, 

J = 109.4 Hz), 38.10 (d, J = 3.0 Hz), 37.76 (d, J = 4.9 Hz), 27.15, 25.89, 23.20, 21.50, 

16.12 (dd, J = 7.4 Hz, J = 1.7 Hz, 2C), 14.05, 11.92. 

HRMS (ESI) Calcd for C23H38NO4PS2Na+ (M+Na+) 510.1872, found 510.1873. 

 

3m, Yield = 82%, 42.7 mg, yellow liquid. 

1H NMR (300 MHz,CDCl3) δ 7.58 (d, J = 8.1 Hz, 2H), 7.25-7.12 (m, 7H), 5.34 (s, 

1H), 4.06-3.88 (m, 4H), 3.35 (d, J = 15.3 Hz, 1H), 3.24 (d, J = 15.3 Hz, 1H), 3.10 (d, J 

= 13.2 Hz, 1H), 2.98 (d, J = 9.9 Hz, 1H), 2.94 (d, J = 12.0 Hz, 1H), 2.84 (d, J = 13.5 

Hz, 1H), 2.36 (s, 3H), 2.17 (dd, J = 17.4 Hz, J = 15.3 Hz, 1H), 2.01 (t, J = 15.6 Hz, 

1H), 1.87 (q, J = 7.5 Hz, 2H), 1.17 (t, J = 7.2 Hz, 6H), 0.92 (t, J = 7.5 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.77 (s). 
13C NMR (75 MHz, CDCl3) δ 143.60, 136.88, 133.77, 132.73, 130.93, 129.63, 128.00, 

127.69, 126.43, 125.78 (d, J = 8.0 Hz), 61.97 (d, J = 7.0 Hz, 2C), 52.05 (d, J = 10.4 

Hz), 47.41, 43.76 (d, J = 6.3 Hz), 40.75 (d, J = 109.8 Hz), 38.75 (d, J = 2.8 Hz), 27.15, 

21.50, 16.10 (d, J = 7.2 Hz, 2C), 11.85. 

HRMS (ESI) Calcd for C26H37NO4PS2
+ (M+H+) 522.1896, found 522.1897. 

 

3n, Yield = 65%, 36.7 mg, colorless liquid. 

1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.0 Hz, 2H), 7.35-7.25 (m, 7H), 5.49 (s, 

1H), 4.49-4.41 (m, 2H), 4.13-3.98 (m, 4H), 3.64-3.56 (m, 2H), 3.47 (d, J = 16.0 Hz, 

1H), 3.32 (d, J = 11.6 Hz, 1H), 3.19 (d, J = 15.6 Hz, 1H), 2.80 (dd, J = 11.6 Hz, J = 

5.2 Hz, 1H), 2.53 (dd, J = 17.2 Hz, J = 15.2 Hz, 1H), 2.42 (s, 3H), 2.27 (t, J = 15.6 Hz, 

1H), 2.22-2.15 (m, 1H), 2.01-1.89 (m, 3H), 1.27 (t, J = 7.2 Hz, 6H), 0.97 (t, J = 7.2 Hz, 

3H). 
31P NMR (121 MHz, CDCl3) δ 93.85 (s). 
13C NMR (75 MHz, CDCl3) δ 143.44, 138.33, 134.20, 132.81, 129.60, 128.27, 127.63, 

127.61, 127.45, 125.71 (d, J = 7.5 Hz), 72.96, 67.03, 61.96 (dd, J = 7.2 Hz, J = 3.0 Hz, 

2C), 53.33 (d, J = 12.7 Hz), 47.22, 41.99 (d, J = 109.0 Hz), 37.73 (d, J = 2.9 Hz), 

37.25 (d, J = 4.4 Hz), 27.13, 21.49, 16.11 (dd, J = 7.4 Hz, J = 1.9 Hz, 2C), 11.89. 

HRMS (ESI) Calcd for C28H41NO5PS2
+ (M+H+) 566.2158, found 566.2161. 
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3o, Yield = 99%, 46.8 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.6 Hz, 2H), 5.48 

(s, 1H), 4.18-3.98 (m, 4H), 3.47 (d, J = 15.6 Hz, 1H), 3.23 (d, J = 12.0 Hz, 2H), 2.63 

(dd, J = 11.6 Hz, J = 4.0 Hz, 1H), 2.43 (s, 3H), 2.35 (dd, J = 16.8 Hz, J = 15.2 Hz, 1H), 

2.11 (t, J = 15.2 Hz, 1H), 1.90 (t, J = 7.2 Hz, 2H), 1.37-1.23 (m, 13H), 0.87 (t, J = 7.2 

Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.93 (s). 
13C NMR (75 MHz, CDCl3) δ 143.51, 133.06, 132.00, 129.64, 128.14 (d, J = 8.8 Hz), 

127.61, 62.01 (dd, J = 7.1 Hz, J = 3.0 Hz, 2C), 54.57 (d, J = 12.05 Hz), 47.23, 44.08 

(d, J = 108.8 Hz), 35.25 (d, J = 5.5 Hz), 34.06, 29.64, 25.03 (d, J = 4.0 Hz), 22.23, 

21.49, 16.13 (dd, J = 7.4 Hz, J = 1.8 Hz, 2C), 13.83. 

HRMS (ESI) Calcd for C22H36NO4PS2Na+ (M+Na+) 496.1716, found 496.1718. 

 

3p, Yield = 83%, 39.3 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 5.47 

(s, 1H), 4.17-4.01 (m, 4H), 3.44 (d, J = 15.6 Hz, 1H), 3.23 (d, J = 11.6 Hz, 2H), 2.67 

(dd, J = 11.2 Hz, J = 3.6 Hz, 1H), 2.44 (s, 3H), 2.33 (t, J = 15.2 Hz 1H), 2.12 (t, J = 

15.6 Hz, 1H), 1.83-1.73 (m, 2H), 1.69-1.63 (m, 1H), 1.31-1.26 (m, 9H), 0.85-0.80 (m, 

6H). 
31P NMR (121 MHz, CDCl3) δ 93.86 (s). 
13C NMR (100 MHz, CDCl3) δ 143.52, 133.11, 130.88, 129.87 (d, J = 9.3 Hz), 129.66, 

127.61, 62.05 (dd, J = 7.1 Hz, J = 2.5 Hz, 2C), 54.51 (d, J = 11.9 Hz), 47.26, 44.14, 

44.09 (d, J = 108.7 Hz), 35.38 (d, J = 2.9 Hz), 26.21, 25.02 (d, J = 4.1 Hz), 22.50, 

22.20, 21.51, 16.15 (dd, J = 7.3 Hz, J = 2.6 Hz, 2C). 

HRMS (ESI) Calcd for C22H36NO4PS2Na+ (M+Na+) 496.1716, found 496.1713. 

 

3q, Yield = 65%, 33.0 mg, colorless liquid. 
1H NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.4 Hz, 2H), 7.35-7.24 (m, 5H), 7.11 (d, J 

= 7.2 Hz, 2H), 4.23-4.06 (m, 4H), 3.64-3.60 (m, 3H), 2.98 (d, J = 11.2 Hz, 1H), 

2.48-2.40 (m, 4H), 2.27 (dd, J = 18.4 Hz, 15.6 Hz, 1H), 1.53 (s, 3H), 1.38 (s, 3H), 

1.35-1.30 (m, 6H). 
31P NMR (121 MHz, CDCl3) δ 93.67 (s). 
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13C NMR (75 MHz, CDCl3) δ 143.51, 139.68, 134.39 (d, J = 12.2 Hz), 132.79, 129.61, 

129.35 (d, J = 1.2 Hz), 128.82, 128.32, 127.80, 127.22, 62.19 (dd, J = 10.4 Hz, J = 6.8 

Hz, 2C), 53.23 (d, J = 2.8 Hz), 49.99, 40.77 (d, J = 106.6 Hz), 38.55 (d, J = 3.1 Hz), 

23.53 (d, J = 7.9 Hz), 21.51, 16.19 (d, J = 7.0 Hz, 2C), 14.92. 

HRMS (ESI) Calcd for C25H34NO4PS2Na+ (M+Na+) 530.1559, found 530.1562. 

 

3r, Yield = 71%, 37.0 mg, yellow liquid. 
1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 2H), 7.39-7.27 (m, 5H), 6.97 (d, J 

= 6.8 Hz, 2H), 4.18-4.00 (m, 4H), 3.60 (d, J = 15.6 Hz, 1H), 3.49 (s, 1H), 3.46 (d, J = 

5.2 Hz, 1H), 3.32 (d, J = 11.6 Hz, 1H), 2.46 (s, 3H), 2.24 (t, J = 14.8 Hz, 1H), 2.07 

(dd, J = 18.0 Hz, J = 15.2 Hz, 1H), 1.64-1.56 (m, 2H), 1.30-1.23 (m, 9H), 0.78 (t, J = 

7.6 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 94.21 (s). 
13C NMR (75 MHz, CDCl3) δ 143.53, 139.19 (d, J = 17.0 Hz), 137.69, 132.91, 131.61, 

130.15, 129.65, 128.00, 127.91, 126.90, 62.23 (d, J = 4.4 Hz), 62.14 (d, J = 4.8 Hz), 

53.60 (d, J = 1.5 Hz), 47.33, 41.54 (d, J = 105.2 Hz), 38.57 (d, J = 2.9 Hz), 29.67, 

25.39, 23.66 (d, J = 3.9 Hz), 21.55, 16.12 (dd, J = 7.1 Hz, J = 4.1 Hz, 2C), 13.06. 

HRMS (ESI) Calcd for C26H36NO4PS2Na+ (M+Na+) 544.1716, found 544.1713. 

 

3s, Yield = 76%, 55.7 mg, colorless liquid. 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.0 Hz, 2H), 7.39-7.29 (m, 8H), 7.20 (dd, J 

= 8.0 Hz, J = 1.2 Hz, 1H), 7.09 (dd, J = 8.4, J = 1.2 Hz, 1H), 7.02-6.97 (m, 1H), 6.31 

(s, 1H), 4.47 (d, J = 8.8 Hz, 1H), 4.24 (d, J = 8.8 Hz, 1H), 4.12-3.93 (m, 6H), 3.38 (d, 

J = 1.2 Hz, 2H), 2.69 (dd, J = 17.6 Hz, J = 15.2 Hz, 1H), 2.55 (t, J = 15.6 Hz, 1H), 

2.41 (s, 3H), 1.20 (t, J = 6.8 Hz, 3H), 1.16 (t, J = 6.8 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 91.91 (s). 
13C NMR (75 MHz, CDCl3) δ 150.40, 143.79, 138.66, 137.86, 134.88, 132.79, 129.76, 

129.30, 128.52, 128.16, 127.72, 125.49, 125.39 (d, J = 7.4 Hz), 121.99, 121.26, 

114.13, 71.75 (d, J = 4.7 Hz), 62.28 (dd, J = 7.3 Hz, J = 4.5 Hz, 2C), 50.03 (d, J = 

12.1 Hz), 46.60, 39.87 (d, J = 2.5 Hz), 38.83 (d, J = 110.0 Hz), 21.47, 15.97 (d, J = 7.4 

Hz, 2C). 

HRMS (ESI) Calcd for C31H35F3NO8PS3K
+ (M+K+) 772.0846, found 772.0847. 
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3t, Yield = 51%, 33.8 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.67 (dd, J = 7.8 Hz, J = 1.5 Hz, 1H), 7.62 (d, J = 8.4 

Hz, 2H), 7.22-7.16 (m, 4H), 6.70-6.60 (m, 2H), 5.64 (s, 1H), 4.21 (d, J = 8.7 Hz, 1H), 

4.05-3.87 (m, 4H), 3.82 (d, J = 8.7 Hz, 1H), 3.45 (d, J = 16.8 Hz, 1H), 3.39 (d, J = 

16.8 Hz, 1H), 3.24-3.13 (m, 2H), 2.51 (s, 1H), 2.46 (s, 1H), 2.31 (s, 3H), 1.94 (q, J = 

7.2 Hz, 2H), 1.15-1.07 (m , 6H), 0.97 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.10 (s). 
13C NMR (75 MHz, CDCl3) δ 156.74, 143.66, 139.07, 137.07, 133.08, 129.70, 129.43, 

127.70, 122.58, 121.78 (d, J = 6.8 Hz), 112.06, 86.57, 71.66 (d, J = 4.5 Hz), 62.20 (dd, 

J = 7.3 Hz, J = 1.4 Hz, 2C), 50.94 (d, J = 13.7 Hz), 47.41, 39.60 (d, J = 3.0 Hz), 39.28 

(d, J = 109.2 Hz), 27.32, 21.52, 16.03 (dd, J = 7.3 Hz, J = 3.6 Hz, 2C), 11.80. 

HRMS (ESI) Calcd for C26H35INO5PS2Na+ (M+Na+) 686.0631, found 686.0629. 

 

3u, Yield = 90%, 40.9 mg, brown liquid. 
1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.2 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 

7.28-7.23 (m, 1H), 5.92 (s, 1H), 4.19-4.01 (m, 4H), 3.76 (s, 3H), 3.73 (s, 3H), 3.04 (d, 

J = 16.4 Hz, 1H), 2.74-2.64 (m, 2H), 2.34 (d, J = 14.4 Hz, 1H), 2.22 (d, J = 1.6 Hz, 

1H), 2.18 (d, J = 1.6 Hz, 1H), 1.31-1.24 (m, 6H), 1.21 (s, 3H). 
31P NMR (121 MHz, CDCl3) δ 93.76 (s). 
13C NMR (75 MHz, CDCl3) δ 172.12, 171.94, 141.54, 132.96 (d, J = 1.1 Hz), 131.34 

(d, J = 10.0 Hz), 128.24, 127.15, 125.85, 62.11 (dd, J = 7.0 Hz, J = 3.3 Hz, 2C), 52.88, 

52.75, 52.48, 47.75 (d, J = 107.4 Hz), 39.01 (d, J = 6.9 Hz), 34.91 (d, J = 3.6 Hz), 

32.62, 29.66, 16.12 (dd, J = 7.2 Hz, J = 3.4 Hz, 2C). 

HRMS (ESI) Calcd for C22H32O6PS+ (M+H+) 455.1652, found 455.1650. 

 

3w, Yield = 60%, 28.0 mg, brown liquid. 

1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 8.2 Hz, 2H), 7.41-7.35 (m, 3H), 7.20 (t, J = 

7.2 Hz, 1H), 7.14 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 4.26 (d, J = 14.8 Hz, 

1H), 4.13 (d, J = 14.8 Hz, 1H), 4.07-3.93 (m, 4H), 3.71 (d, J = 12.0 Hz, 1H), 3.05 (d, J 

= 11.6 Hz, 1H), 2.58 (d, J = 5.2 Hz, 1H), 2.54 (d, J = 3.2 Hz, 1H), 2.44 (s, 3H), 1.59 (s, 

3H), 1.24 (d, J = 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H). 
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31P NMR (121 MHz, CDCl3) δ 92.60 (s). 
13C NMR (75 MHz, CDCl3) δ 143.72, 132.95, 130.60 (d, J = 5.0 Hz), 129.73, 127.83, 

127.02, 126.75, 126.53, 126.24, 62.13 (d, J = 7.1 Hz, 2C), 54.22 (d, J = 5.9 Hz), 48.39, 

44.43 (d, J = 107.7 Hz), 37.70 (d, J = 2.7 Hz), 26.75 (d, J = 5.8 Hz), 21.53, 16.05 (dd, 

J = 7.3 Hz, J = 3.6 Hz, 2C). 

HRMS (ESI) Calcd for C22H30NO4PS2Na+ (M+Na+) 490.1246, found 490.1247. 

 

3x, Yield = 48%, 26.6 mg, yellow liquid. 

1H NMR (300 MHz, CDCl3) δ 7.75 (d, J = 8.4 Hz, 2H), 7.38-7.32 (m, 3H), 7.22-7.10 

(m, 2H), 7.00 (d, J = 7.5 Hz, 1H), 4.56 (s, 2H), 4.23 (d, J = 14.4 Hz, 1H), 4.09 (d, J = 

14.7 Hz, 1H), 3.97-3.84 (m, 4H), 3.57 (d, J = 12.0 Hz, 1H), 3.48-3.42 (m, 2H), 3.32 (s, 

3H), 2.60 (s, 1H), 2.55 (s, 1H), 2.44 (s, 3H), 2.16-2.00 (m, 2H), 1.57-1.42 (m, 2H), 

1.17 (t, J = 6.9 Hz, 3H), 1.12 (t, J = 6.9 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 92.58 (s). 
13C NMR (75 MHz, CDCl3) δ 143.72, 138.65 (d, J = 9.3 Hz), 132.73, 131.33, 129.72, 

127.82, 127.13, 126.70, 126.49, 126.38, 96.29, 67.76, 62.07 (d, J = 3.5 Hz), 61.98 (d, 

J = 3.9 Hz), 55.13, 51.79 (d, J = 5.1 Hz), 48.42, 43.11 (d, J = 108.3 Hz), 40.64 (d, J = 

3.1 Hz), 36.39 (d, J = 8.0 Hz), 24.59, 21.50, 16.00 (d, J = 3.6 Hz), 15.90 (d, J = 3.7 

Hz). 

HRMS (ESI) Calcd for C26H38NO6PS2Na+ (M+Na+) 578.1770, found 578.1768. 

 

3y, Yield = 56%, 21.3 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.36-7.27 (m, 5H), 6.53 (d, J = 10.0 Hz, 1H), 5.92 (d, J 

= 10.0 Hz, 1H), 4.77 (d, J = 14.4 Hz, 1H), 4.48 (d, J = 14.4 Hz, 1H), 4.16-3.96 (m, 

4H), 3.56 (d, J = 12.8 Hz, 1H), 3.17 (dd, J = 12.8 Hz, J= 1.6 Hz, 1H), 2.18-2.02 (m, 

2H), 1.75-1.63 (m, 2H), 1.26 (t, J = 7.2 Hz, 6H), 0.77 (t, J = 7.2 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 92.15 (s). 
13C NMR (75 MHz, CDCl3) δ 163.85, 147.10 (d, J = 9.0 Hz), 136.89, 128.59, 127.53, 

123.27, 62.29 (t, J = 6.5 Hz, 2C), 53.27 (d, J = 11.4 Hz), 49.93, 40.55, 38.54 (d, J = 

80.6 Hz), 29.45, 16.11 (d, J = 7.7 Hz, 2C), 8.09. 

HRMS (ESI) Calcd for C19H29NO4P
+ (M+H+) 366.1829, found 366.1827. 
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3z, Yield = 74%, 38.6 mg, yellow liquid. 
1H NMR (300 MHz, CDCl3) δ 7.51 (d, J = 8.1 Hz, 2H), 7.21-7.13 (m, 4H), 7.04 (d, J 

= 8.1 Hz, 2H), 6.03 (s, 1H), 3.86-3.65 (m, 4H), 3.59 (d, J = 15.9 Hz, 1H), 3.36 (d, J = 

11.7 Hz, 1H), 3.11 (dd, J = 15.6 Hz, J = 0.9 Hz, 1H), 2.87-2.63 (m, 3H), 2.32 (s, 3H), 

2.24 (s, 3H), 2.00 (q, J = 7.2 Hz, 2H), 1.06-0.97 (m, 9H). 
31P NMR (121 MHz, CDCl3) δ 93.32 (s). 
13C NMR (75 MHz, CDCl3) δ 143.53, 140.37 (d, J = 3.7 Hz), 136.20, 134.89, 132.90, 

129.63, 128.88, 127.61, 126.44, 124.88 (d, J = 5.0 Hz), 61.84 (d, J = 6.8 Hz, 2C), 

55.57 (d, J = 16.4 Hz), 47.26, 44.46 (d, J = 111.2 Hz), 41.89 (d, J = 3.0 Hz), 27.41, 

21.47, 20.91, 15.92 (d, J = 1.8 Hz), 15.82 (d, J = 1.9 Hz), 11.96. 

HRMS (ESI) Calcd for C26H36NO4PS2Na+ (M+Na+) 544.1716, found 544.1715. 
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5. Mechanistic Experiments 

 

To a stirred solution of propargyl alcohol (50 mmol) in anhydrous THF (70 mL) 

under an N2 atmosphere was added CuI (1.904 g, 10 mmol, 20 mol %). The resulting 

pink suspension was then cooled to -78 oC. Grignard reagent (150 mmol, 3.0 equiv), 

which were freshly prepared in anhydrous THF, was then added via cannula, at such a 

rate as to maintain the temperature below -78 oC. The resulting dark green suspension 

was allowed to slowly warm to room temperature over 18 hours. The reaction mixture 

was again cooled to -78 oC and was dropwisely added the solution of D2O (2.5 mL, 

2.5 equiv) within 15 min. After warming up to room temperature and stirring at rt for 

additional 3 h, the mixture was cooled to 0 oC and was carefully quenched with 

saturated aqueous NH4Cl. The two phase mixture was separated by a separatory 

funnel. The aqueous layer was extracted by ethyl acetate (3x50 mL) and the combined 

organic layers were washed with saturated aqueous Na2S2O3 and saturated aqueous 

NaCl (100 mL), and dried over Na2SO4. After removing the solvent, the residue was 

purified by column chromatography with petroleum ether/ethyl acetate (50:1) as 

eluent to give compound S1. 

 

Compound S2 was prepared from S1 according to the general procedure of Mitsunobu 

reaction, which was directly used for the next step without any purification.  

To a solution of compound S2 (4.4 mmol, 1.56 g, 1.0 equiv.) in MeOH (50 mL) was 

added K2CO3 (22 mmol, 3g, 5.0 equiv.). The reaction mixture was stirred under reflux 

for 12 h, then was allowed to cool to room temperature. The mixture was concentrated 

in vacuum to approx 5 mL. The mixture was then added to H2O (30 mL) and 

extracted with CH2Cl2 (3 × 30 mL). The combined organic layers were dried 

(MgSO4), filtered and concentrated in vacuum, the residue was directly subjected to 

silica gel column chromatography (petroleum ether/ethyl acetate as eluent) to give 

product S3. 

 

 
To a solution of S3 (3.15 mmol, 0.8 g, 1 equiv) in MeCN (5 mL) was added K2CO3 

(4.73 mmol, 0.65 g, 1.5 equiv) and NaI (0.47 mmol, 71 mg, 0.15 equiv.) at room 

temperature, followed by a solution of S4 (4.1 mmol, 1.39 g, 1.3 equiv) in MeCN (5 
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mL). The reaction mixture was heated to 95 oC and stirred overnight. After cooling to 

rt, water (30 mL) was added. The mixture was extracted by ether (3x50 mL) and the 

combined organic layers were washed with saturated aqueous NaCl and dried over 

Na2SO4. After removing the solvent, the residue was purified by column 

chromatography to give compound 1aa-D. 

 

 
1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.6 Hz, 3H), 7.59 (t, J = 7.2 Hz, 2H), 7.52 

(t, J = 8.0 Hz, 3H), 4.87 (d, J = 6.0 Hz, 0.16 H), 4.81 (s, 1H), 3.52 (d, J = 6.4 Hz, 3H), 

1.96 (t, J = 7.2 Hz, 3H), 1.37-1.29 (m, 3H), 1.28-1.24 (m, 3H), 0.86 (t, J = 7.2 Hz, 

4H). 
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1aa, Yield = 78%, 1211 mg, yellow solid. 
1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.6 Hz, 1H), 7.49 

(t, J = 8.0 Hz, 2H), 7.33-7.27 (m, 3H), 7.25-7.21 (m, 2H), 6.54 (s, 1H), 4.81-4.78 (m, 

0.16 H), 4.78 (s, 1H), 4.48 (s, 2H), 3.52 (s, 2H), 1.63 (t, J = 7.2 Hz, 2H), 1.27-1.12 (m, 

4H), 0.83 (t, J = 7.2 Hz, 3H). 

 

 

 

 



S29 
 

2aa-D, Yield = 92%, 46.6 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 7.2 Hz, 2H), 7.65-7.55 (m, 3H), 7.34-7.28 

(m, 5H), 6.12 (s, 1H), 4.14-3.99 (m, 5H), 3.77 (d, J = 15.6 Hz, 1H), 3.33 (d, J = 11.6 

Hz, 1H), 2.87 (dd, J = 11.6 Hz, J = 4.0 Hz, 1H), 2.19 (dd, J = 19.2 Hz, J = 16.0 Hz, 

0.16H), 2.07-1.98 (m, 1H), 1.85-1.78 (m, 1H), 1.73-1.66 (m, 1H), 1.36-1.25 (m, 7H), 

1.21 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.4 Hz, 3H). 

HRMS (ESI) Calcd for C26H36DNO5PS+ (M+H+) 507.2187, found 507.2188. 
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6. Synthetic Applications 

 

To a 25 mL flask was added 2aa (0.44 mmol, 228 mg) and CH2Cl2 (2.0 mL). Then, 

TMSBr (0.53 mmol, 81 mg) was slowly added. The reaction was stirred at 25°C for 

12 h and was quenched with 5 mL of 5% (wt/vol) KHSO4, and stirred vigorously for 5 

min. The reaction mixture was then partitioned between ethyl acetate and water, and 

the organic layer was washed with saturated aqueous NaCl, dried (Na2SO4), and 

concentrated under reduced pressure. The solvent was removed and the residue was 

directly subjected to silica gel column chromatography to give product 6. 

 

 

To a 25 mL flask was added 6 (0.05 mmol, 24.55 mg), PhN(Me)3Br3 (0.053 mmol, 20 

mg) and CH2Cl2 (2.0 mL) in 0 oC. The reaction was stirred at 25°C for 6 h. The 

solvent was removed and the residue was directly subjected to silica gel column 

chromatography to give product 7. 

 

 

To a 25 mL flask was added 3o (0.42 mmol, 199 mg), and dried THF (7 mL) in -78 oC. 

Then nBuLi (1.05 mmol, 0.42 mL, 2.5 M) was slowly added. After the mixture was 

stirred at -78 oC for 60 minutes, PhCHO (1.68 mmol, 180 mg) was slowly added. 

After 12 h, the solvent was removed and the residue was directly subjected to silica 

gel column chromatography to give product 8. 
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2aa, Yield = 92%, 46.5 mg, yellow liquid. 

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.2 Hz, 2H), 7.65-7.55 (m, 3H), 7.34-7.28 

(m, 5H), 6.13 (s, 1H), 4.11-3.96 (m, 5H), 3.77 (dd, J = 15.6 Hz, J = 1.6 Hz, 1H), 3.33 

(d, J = 11.2 Hz, 1H), 2.88 (dd, J = 11.2 Hz, J = 4.0 Hz, 1H), 2.19 (dd, J = 18.8 Hz, 

15.6 Hz, 1H), 2.02 (dd, J = 18.4 Hz, J = 15.6 Hz, 1H), 1.83-1.67 (m, 2H), 1.35-1.25 

(m, 7H), 1.22 (t, J = 7.2 Hz, 3H), 0.90 (t, J = 6.8 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 28.62 (s). 
13C NMR (75 MHz, CDCl3) δ 138.11, 136.11, 132.85, 131.69, 130.53 (d, J = 7.4 Hz), 

129.16, 128.47, 127.84, 127.53, 125.30, 61.38 (dd, J = 6.7 Hz, J = 3.2 Hz, 2C), 51.89 

(d, J = 12.5 Hz), 46.37, 37.98 (d, J = 2.6 Hz), 37.91 (d, J = 5.3 Hz), 33.26 (d, J = 

138.7 Hz), 26.00, 23.19, 16.30 (dd, J = 6.1 Hz, J = 5.5 Hz, 2C), 14.02. 

HRMS (ESI) Calcd for C26H36NO5PSNa+ (M+Na+) 528.1944, found 528.1942. 
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7, Yield = 79%, 43.8 mg, brown liquid. 

1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 6.8 Hz, 2H), 7.69-7.59 (m, 3H), 7.41-7.35 

(m, 5H), 4.53 (s, 1H), 4.30-4.18 (m, 3H), 3.74 (dd, J = 12.0 Hz, J = 2.4 Hz, 1H), 3.46 

(d, J = 12.0 Hz, 1H), 2.86 (d, J = 12.0 Hz, 1H), 2.36 (s, 1H), 2.31 (s, 1H), 1.41 (t, J = 

7.2 Hz, 3H), 1.34-1.25 (m, 6H), 0.93 (t, J = 6.8 Hz, 3H). 
31P NMR (121 MHz, CDCl3) δ 19.77 (s). 
13C NMR (75 MHz, CDCl3) δ 139.99 (d, J = 4.0 Hz), 136.66, 133.37, 129.34, 128.95, 

128.31, 127.99, 125.51, 81.55 (d, J = 8.9 Hz), 62.41 (d, J = 6.3 Hz), 58.22 (d, J = 15.5 

Hz), 51.73 (d, J = 16.7 Hz), 48.26, 39.42 (dd, J = 19.4 Hz, J = 10.8 Hz), 31.11 (d, J = 

125.1 Hz), 29.67, 23.92, 22.73, 16.67 (d, J = 5.9 Hz), 13.87. 

HRMS (ESI) Calcd for C24H31BrNO5PSNa+ (M+Na+) 578.0736, found 578.0737. 
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8, Yield = 57%, 23.3 mg, colorless liquid. 

1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.4 Hz, 2H), 7.35-7.27 (m, 6H), 7.24-7.19 

(m, 1H), 6.35 (d, J = 16.0 Hz, 1H), 6.16 (d, J = 16.0 Hz, 1H), 5.30 (s, 1H), 3.47 (d, J = 

17.6 Hz, 1H), 3.43 (d, J = 17.2 Hz, 1H), 3.05 (d, J = 11.2 Hz, 1H), 2.88 (d, J = 11.2 

Hz, 1H), 2.42 (s, 3H), 1.99 (t, J = 7.6 Hz, 2H), 1.44-1.38 (m, 2H), 1.34-1.29 (m, 2H), 

1.24 (s, 3H), 0.91 (t, J = 7.6 Hz, 3H). 
13C NMR (75 MHz, CDCl3) δ 143.41, 137.27, 135.44, 133.49, 133.17, 129.61, 128.62, 

128.45, 127.69, 127.24, 127.13, 126.27, 53.73, 47.10, 38.82, 34.24, 29.81, 24.81, 

22.33, 21.51, 13.88. 

HRMS (ESI) Calcd for C25H32NO2S
+ (M+H+) 410.2148, found 410.2149. 
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To a 100 mL flask was added catalysts Pd(OAc)2 (0.5 mmol, 110 mg), DPPF (1 mmol, 

0.56 g), CsF (10.0 mmol, 1.52 g), 1a (2.34 g, 5 mmol), and toluene (30 mL). Then, a 

solution of HP(O)(OEt)2 (20.0 mmol, 2.76 g) in toluene (20 mL) was added. The 

resulting mixture was stirred at 65 oC (oil bath). After 12 h, the reaction mixture was 

cooled to room temperature. Then, solvent was removed and the residue was directly 

subjected to silica gel column chromatography (petroleum ether/ethyl acetate as 

eluent) to give product 2a (2.15 g, 90% yield). 

 

 

 

To a 100 mL flask was added catalysts Pd(OAc)2 (0.22 mmol, 50 mg), DPPF (0.44 

mmol, 0.24 g), CsF (4.46 mmol, 0.67 g), 1o (0.99 g, 2.23 mmol), and toluene (10 mL). 

Then, a solution of HP(O)(OEt)2 (20.0 mmol, 2.76 g) in toluene (10 mL) was added. 

The resulting mixture was stirred at 65 oC (oil bath). After 12 h, the reaction mixture 

was cooled to room temperature. Then, solvent was removed and the residue was 

directly subjected to silica gel column chromatography (petroleum ether/ethyl acetate 

as eluent) to give product 3o (1.0 g, 95% yield). 
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7. NMR Spectrum of Products 2, 3 and 4 
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8. X-ray Analysis 

 

Identification code  190410txf_0m 

Empirical formula  C25 H34 N O4 P S2 

Formula weight  507.62 

Temperature  170.02 K 

Wavelength  1.34139 Å 

Crystal system  Monoclinic 

Space group  P 1 21/n 1 

Unit cell dimensions a = 10.8148(3) Å = 90°. 

 b = 19.2094(5) Å = 110.4800(10)°. 

 c = 13.2057(3) Å  = 90°. 

Volume 2570.03(11) Å3 

Z 4 

Density (calculated) 1.312 Mg/m3 

Absorption coefficient 1.790 mm-1 

F(000) 1080 

Crystal size 0.15 x 0.12 x 0.1 mm3 

Theta range for data collection 3.697 to 54.986°. 

Index ranges -12<=h<=13, -23<=k<=20, -16<=l<=13 

Reflections collected 18497 

Independent reflections 4877 [R(int) = 0.0378] 

Completeness to theta = 53.594° 99.7 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.6043 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4877 / 0 / 302 

Goodness-of-fit on F2 1.040 

Final R indices [I>2sigma(I)] R1 = 0.0338, wR2 = 0.0925 

R indices (all data) R1 = 0.0364, wR2 = 0.0949 

Extinction coefficient n/a 

Largest diff. peak and hole                  0.607 and -0.477 e.Å-3 


