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General Methods 
 

All air- and moisture-sensitive manipulations were carried out with standard 

Schlenk techniques under nitrogen or in a glove box under nitrogen. 1H, 13C and 31P 

NMR spectra were recorded on a Varian instrument (400 MHz, 100 MHz and 162 

MHz, respectively). 1H, 13C NMR chemical shifts are reported vs tetramethylsilane 

signal or residual protio solvent signals. 

Toluene, Et2O, THF, methyl tert-butyl ether (MTBE) and hexane were distilled 

over sodium benzophenone ketyl under nitrogen. Dichloromethane was distilled over 

CaH2 under nitrogen.  

  The catalysts 4,1 diarylphosphines2 and tosylimines3 were synthesized following the 

literature procedures. All other chemicals and solvents were purchased from 

commercial company and used as received. 
 
 

 
Experimental Details and Characterization Data 

 
 

Expermential Procedures for Entry 9, Table 1. 

N-tosylimine 1a (51.9 mg, 0.20 mmol) was added to a solution of (S,S)-4 (2.7 

mg, 4 μmol Pd) in methyl tert-butyl ether (MTBE) (5.0 mL) and the resulting solution 

was stirred for 15 min at −30 °C, then Diphenylphosphine (39.1 mg, 0.21 mmol) was 

added to it. The resulting solution was stirred for 4 h at −30 °C, then 10 min at room 

temperature. The S8 (51.9 mg, 0.20 mmol) and THF (2 mL)were added to it, and the 

resulting mixture was stirred for 6.5 h at room temperature. After evaporated solvent 

under vacumm, the residue was purified by silica gel chromatography with 

hexane/EtOAc = 5/1 to afford product as a white solid (86.1 mg, 0.180 mmol; 90% 

yield). 
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Entry 9. White solid. 90% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 17.0 

min [(S)-enantiomer], 29.7 min [(R)-enantiomer]. 93% ee. [α]20
D = 162 (c 1.03, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.07 (dd, J = 12.1 and 6.8 Hz, 2H), 7.59-7.49 (m, 3H), 7.35-7.30 

(m, 5H), 7.16 (td, J = 7.6 and 3.2 Hz, 2H), 6.96 (t, J = 8.4 Hz, 1H), 6.87-6.76 (m, 6H), 

6.05 (dd, J = 10.0 and 6.4 Hz, 1H), 5.60 (dd, J = 11.6 and 10.4 Hz, 1H), 2.22 (s, 3H). 
13C NMR (CDCl3): δ 142.8, 137.3 (d, JCP = 1.5 Hz), 132.0 (d, JCP = 3.0 Hz), 131.9 (d, 

JCP = 10.4 Hz), 131.75 (d, JCP = 3.0 Hz), 131.74 (d, JCP = 8.9 Hz), 129.9 (d, JCP = 79.6 

Hz), 128.94 (d, JCP = 81.8 Hz), 128.90, 128.8, 128.3 (d, JCP = 4.5 Hz), 128.0, 127.9, 

127.6 (d, JCP = 3.0 Hz), 127.2 (d, JCP = 2.2 Hz), 126.8, 55.5 (d, JCP = 57.3 Hz), 21.2. 
31P{1H} NMR (CDCl3): δ 51.3 (s). HRMS (MALDI) calcd for C26H24NO2PS2Na 

[M+Na]+ 500.0878, found 500.0893. 

 

Experimental Data for Table 2. 

HN
Ts

PPh2
S

MeO  
Entry 2. White solid. 98% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 25.9 

min [(S)-enantiomer], 48.7 min [(R)-enantiomer]. 96% ee. [α]20
D = 181 (c 1.04, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.08-8.02 (m, 2H), 7.59-7.50 (m, 3H), 7.37-7.17 (m, 7H), 6.90 (d, 

J = 8.0 Hz, 2H), 6.70 (dd, J = 8.8 and 2.0 Hz, 2H), 6.35 (d, J = 8.8 Hz, 2H), 5.94 (dd, 

J = 9.6 and 6.4 Hz, 1H), 5.55 (dd, J = 11.2 and 9.6 Hz, 1H), 3.64 (s, 3H), 2.26 (s, 3H). 
13C NMR (CDCl3): δ 159.2 (d, JCP = 3.0 Hz), 142.8, 137.5 (d, JCP = 1.5 Hz), 132.00 (d, 

JCP = 3.0 Hz), 131.9 (d, JCP = 9.6 Hz), 131.78 (d, JCP = 9.7 Hz), 131.77 (d, JCP = 3.0 
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Hz), 130.14 (d, JCP = 78.8 Hz), 129.6 (d, JCP = 7.4 Hz), 129.15 (d, JCP = 82.6 Hz), 

128.94, 128.9 (d, JCP = 12.6 Hz), 128.0 (d, JCP = 11.9 Hz), 126.9, 123.9, 112.8 (d, JCP 

= 2.2 Hz), 55.09, 55.05 (d, JCP = 58.7 Hz), 21.3. 31P{1H} NMR (CDCl3): δ 48.9 (s). 

HRMS (MALDI) calcd for C27H26NO3PS2Na [M+Na]+ 530.0984, found 530.0973. 

 

HN
Ts

PPh2
S

MeO

 
Entry 3. White solid. 84% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 17.4 

min [(S)-enantiomer], 30.7 min [(R)-enantiomer]. 95% ee. [α]20
D = 172 (c 1.01, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.06 (dd, J = 12.0 and 6.8 Hz, 2H), 7.59-7.51 (m, 3H), 7.38-7.32 

(m, 5H), 7.19-7.16 (m, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.72 (t, J = 8.4 Hz, 1H), 6.51 (d, 

J = 7.6 Hz, 1H), 6.33-6.30 (m, 2H), 6.04 (dd, J = 9.6 and 6.4 Hz, 1H), 5.58 (t, J = 10.8 

Hz, 1H), 3.46 (s, 3H), 2.24 (s, 3H). 13C NMR (CDCl3): δ 158.5 (d, JCP = 2.2 Hz), 

142.9, 137.3 (d, JCP = 1.5 Hz), 133.1, 132.0 (d, JCP = 3.8 Hz), 131.9 (d, JCP = 9.6 Hz), 

131.8 (d, JCP = 3.0 Hz), 131.7 (d, JCP = 8.9 Hz), 130.0 (d, JCP = 79.6 Hz), 129.0 (d, JCP 

= 81.8 Hz), 128.9, 128.85 (d, JCP = 11.9 Hz), 128.2 (d, JCP = 2.2 Hz), 127.9 (d, JCP = 

12.7 Hz), 126.8, 121.1 (d, JCP = 5.2 Hz), 114.3 (d, JCP = 2.9 Hz), 112.9 (d, JCP = 3.7 

Hz), 55.5 (d, JCP = 57.2 Hz), 54.8, 21.2. 31P{1H} NMR (CDCl3): δ 51.2 (s). HRMS 

(MALDI) calcd for C27H26NO3PS2Na [M+Na]+ 530.0984, found 530.0971. 
 

HN
Ts

PPh2
S

Me  
Entry 4. White solid. 93% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.8 

min [(S)-enantiomer], 37.8 min [(R)-enantiomer]. 94% ee. [α]20
D = 165 (c 1.11, 
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CH2Cl2), The absolute configuration was determined to be S by the X-ray crystal 

diffraction analysis of the product. 
1H NMR (CDCl3): δ 8.05 (dd, J = 12.8 and 7.6 Hz, 2H), 7.58-7.50 (m, 3H), 7.39-7.16 

(m, 7H), 6.87 (d, J = 8.0 Hz, 2H), 6.64 (q, J = 8.0 Hz, 4H), 5.95 (dd, J = 10.0 and 6.4 

Hz, 1H), 5.57 (t, J = 10.4 Hz, 1H), 2.25 (s, 3H), 2.13 (s, 3H). 13C NMR (CDCl3): δ 

142.8, 137.5 (d, JCP = 3.0 Hz), 137.4 (d, JCP = 2.2 Hz), 132.0 (d, JCP = 2.9 Hz), 131.9 

(d, JCP = 1.5 Hz), 131.8 (d, JCP = 8.9 Hz), 131.7 (d, JCP = 3.0 Hz), 130.1 (d, JCP = 79.5 

Hz), 129.1 (d, JCP = 82.6 Hz), 128.9, 128.8 (d, JCP = 11.9 Hz), 128.7, 128.3 (d, JCP = 

4.4 Hz), 128.0 (d, JCP = 6.7 Hz), 127.9 (d, JCP = 8.1 Hz), 126.8, 55.4 (d, JCP = 58.1 

Hz), 21.3, 20.9. 31P{1H} NMR (CDCl3): δ 50.9 (s). HRMS (MALDI) calcd for 

C27H26NO2PS2Na [M+Na]+ 514.1035, found 514.1054. 
 

HN
Ts

PPh2
S

Cl  
Entry 5. White solid. 99% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 22.9 

min [(S)-enantiomer], 58.0 min [(R)-enantiomer]. 86% ee. [α]20
D = 179 (c 1.11, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.07-8.02 (m, 2H), 7.61-7.19 (m, 10H), 6.92 (d, J = 8.0 Hz, 2H), 

6.78 (d, J = 8.4 Hz, 2H), 6.69 (dd, J = 8.8 and 2.0 Hz, 2H), 5.97 (dd, J = 9.6 and 6.4 

Hz, 1H), 5.56 (dd, J = 12.0 and 10.4 Hz, 1H), 2.29 (s, 3H). 13C NMR (CDCl3): δ 

143.4, 137.2 (d, JCP = 1.5 Hz), 133.9 (d, JCP = 3.0 Hz), 132.2 (d, JCP = 3.0 Hz), 132.1 

(d, JCP = 3.0 Hz), 131.9 (d, JCP = 10.4 Hz), 131.7 (d, JCP = 9.7 Hz), 130.5, 129.8 (d, 

JCP = 79.6 Hz), 129.6 (d, JCP = 4.4 Hz), 129.1, 129.0 (d, JCP = 11.9 Hz), 128.7 (d, JCP 

= 82.6 Hz), 128.2 (d, JCP = 12.6 Hz), 127.4 (d, JCP = 2.2 Hz), 126.8, 54.9 (d, JCP = 

57.3 Hz), 21.3. 31P{1H} NMR (CDCl3): δ 50.9 (s). HRMS (MALDI) calcd for 

C26H23NO2PS2ClNa [M+Na]+ 534.0489, found 534.0490. 
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HN
Ts

PPh2
S

Br

 
Entry 6. White solid. 89% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 12.2 

min [(S)-enantiomer], 22.1 min [(R)-enantiomer]. 78% ee. [α]20
D = 128 (c 1.14, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.05 (dd, J = 12.4 and 7.2 Hz, 2H), 7.61-7.19 (m, 10H), 7.08 (d, 

J = 6.8 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.79, 6.68-6.63 (m, 2H), 5.98 (dd, J = 9.6 

and 7.2 Hz, 1H), 5.52 (t, J = 10.8 Hz, 1H), 2.28 (s, 3H). 13C NMR (CDCl3): δ 143.3, 

137.0 (d, JCP = 1.5 Hz), 133.9, 132.2 (d, JCP = 3.0 Hz), 132.1 (d, JCP = 3.0 Hz), 131.9 

(d, JCP = 9.7 Hz), 131.7 (d, JCP = 9.7 Hz), 131.3 (d, JCP = 3.8 Hz), 130.5 (d, JCP = 3.0 

Hz), 129.6 (d, JCP = 81.1 Hz), 129.1, 129.0 (d, JCP = 11.9 Hz), 128.6 (d, JCP = 2.2 Hz), 

128.5 (d, JCP = 82.6 Hz), 128.1 (d, JCP = 12.7 Hz), 126.9 (d, JCP = 5.2 Hz), 126.7, 

121.4 (d, JCP = 3.0 Hz), 55.0 (d, JCP = 55.6 Hz), 21.3. 31P{1H} NMR (CDCl3): δ 51.2 

(s). HRMS (MALDI) calcd for C26H23NO2BrPS2Na [M+Na]+ 577.9983, found 

577.9987. 

 

 
Entry 7. White solid. 86% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.1 

min [(S)-enantiomer], 38.9 min [(R)-enantiomer]. 85% ee. [α]20
D = 155 (c 1.07, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.13-8.08 (m, 2H), 7.61-7.54 (m, 4H), 7.42-7.23 (m, 9H), 7.18 (s, 

1H), 7.10 (td, J = 7.6 and 2.8 Hz, 2H), 6.83 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.0 Hz, 

2H), 6.10 (dd, J = 10.0 and 6.4 Hz, 1H), 5.75 (t, J = 11.6 and 10.4 Hz, 1H), 1.89 (s, 

3H). 13C NMR (CDCl3): δ 143.0, 137.3 (d, JCP = 1.5 Hz), 132.5 (d, JCP = 2.2 Hz), 

132.2 (d, JCP = 2.2 Hz), 132.1 (d, JCP = 3.0 Hz), 132.0 (d, JCP = 9.7 Hz), 131.9, 131.8 
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(d, JCP = 9.7 Hz), 130.3 (d, JCP = 79.6 Hz), 129.0, 128.90 (d, JCP = 82.5 Hz), 128.86 (d, 

JCP = 6.0 Hz), 128.7, 128.4 (d, JCP = 5.9 Hz), 128.0 (d, JCP = 11.9 Hz), 127.8 (d, JCP = 

1.5 Hz), 127.2 (d, JCP = 1.4 Hz), 126.9 (d, JCP = 1.5 Hz), 126.7, 126.1, 125.8, 125.7 (d, 

JCP = 3.0 Hz), 55.8 (d, JCP = 57.3 Hz), 20.9. 31P{1H} NMR (CDCl3): δ 50.7 (s). 

HRMS (MALDI) calcd for C26H23NO2BrPS2Na [M+Na]+ 577.9983, found 577.9987. 

. 

HN
Ts

PPh2
SS  

Entry 8. White solid. 90% yield. The ee was determined on a Daicel Chiralpak IC 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.8 

min [(S)-enantiomer], 25.8 min [(R)-enantiomer]. 91% ee. [α]20
D = 114 (c 1.00, 

CH2Cl2), the absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 8.08-8.01 (m, 2H), 7.60-7.47 (m, 5H), 7.39-7.23 (m, 5H), 6.97 (d, 

J = 8.4 Hz, 2H), 6.91 (dt, J = 5.2 and 1.2 Hz, 1H), 6.56-6.54 (m, 1H), 6.51 (dd, J = 4.8 

and 4.0 Hz, 1H), 5.91 (q, J = 10.4 Hz, 1H), 5.90-8.83 (m, 1H), 2.29 (s, 3H). 13C NMR 

(CDCl3): δ 142.9, 137.3 (d, JCP = 1.1 Hz), 134.9, 132.0 (d, JCP = 2.9 Hz), 131.9 (d, JCP 

= 3.5 Hz), 131.8 (d, JCP = 7.0 Hz), 131.6 (d, JCP = 7.0 Hz), 129.8 (d, JCP = 72.2 Hz), 

129.0, 128.8 (d, JCP = 12.2 Hz), 128.6 (d, JCP = 75.1 Hz), 128.07 (d, JCP = 12.8 Hz), 

128.06, 126.7, 126.3 (d, JCP = 2.9 Hz), 125.85 (d, JCP = 2.3 Hz), 52.2 (d, JCP = 62.8 

Hz), 21.3. 31P{1H} NMR (CDCl3): δ 51.7 (s). HRMS (ESI) calcd for 

C24H22NO2PS3Na [M+Na]+ 483.0550, found 483.0560. 

 

 
Entry 9. White solid. 95% yield. The ee was determined on a Daicel Chiralpak AD-H 

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 20.3 

min [(S)-enantiomer], 26.5 min [(R)-enantiomer]. 86% ee. [α]20
D = 122 (c 1.01, 

CH2Cl2), the absolute configuration was assigned by analogy with Table 2, entry 4. 
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1H NMR (CDCl3): δ 8.01 (dd, J = 12.4 and 7.2 Hz, 2H), 7.58-7.51 (m, 3H), 7.43-7.34 

(m, 5H), 7.24-7.18 (m, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.76 (dd, J = 4.8 and 3.2 Hz, 

1H), 6.66 (s, 1H), 6.55 (d, J = 4.8 Hz, 1H), 6.93-5.88 (m, 1H), 5.77 (t, J = 10.4 Hz, 

1H), 2.27 (s, 3H). 13C NMR (CDCl3): δ 142.8, 137.3 (d, JCP = 1.5 Hz), 132.8 (d, JCP = 

0.8 Hz), 131.9 (d, JCP = 2.9 Hz), 131.8, 131.7 (d, JCP = 9.7 Hz), 131.6 (d, JCP = 10.1 

Hz), 129.9 (d, JCP = 79.1 Hz), 129.0 (d, JCP = 83.6 Hz), 128.9, 128.7 (d, JCP = 11.2 

Hz), 128.0 (d, JCP = 12.2 Hz), 126.8 (d, JCP = 3.0 Hz), 126.6, 124.4 (d, JCP = 1.4 Hz), 

124.3 (d, JCP = 7.0 Hz), 52.1 (d, JCP = 60.6 Hz), 21.3. 31P{1H} NMR (CDCl3): δ 50.2 

(s).  

 

 

Entry 10. White solid. 97% yield. The ee was determined on a Daicel Chiralpak 

AD-H column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 

11.5 min [(S)-enantiomer], 32.7 min [(R)-enantiomer]. 86% ee. [α]20
D = 158 (c 1.03, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 7.98 (dd, J = 12.0 and 8.4 Hz, 2H), 7.48 (dd, J = 8.4 and 2.4 Hz, 

2H), 7.31 (d, J = 8.4 Hz, 2H), 7.24-7.21 (m, 2H), 7.18 (s, 1H), 7.16 (dd, J = 8.4 and 

2.4 Hz, 2H), 7.02 (t, J = 6.8 Hz, 1H), 6.89-6.79 (m, 6H), 6.03-5.99 (m, 1H), 5.56 (t, J 

= 11.2 Hz, 1H), 2.25 (s, 3H). 13C NMR (CDCl3): δ 143.2, 139.0 (d, JCP = 3.0 Hz), 

138.8 (d, JCP = 3.7 Hz), 137.1 (d, JCP = 1.5 Hz), 133.22 (d, JCP = 10.5 Hz), 133.20 (d, 

JCP = 10.4 Hz), 131.5, 129.3 (d, JCP = 12.6 Hz), 129.0, 128.4 (d, JCP = 6.4 Hz), 128.3, 

128.2 (d, JCP = 57.2 Hz), 128.0 (d, JCP = 2.9 Hz), 127.5 (d, JCP = 2.9 Hz), 127.4 (d, JCP 

= 59.5 Hz), 126.8, 55.7 (d, JCP = 58.7 Hz), 21.3. 31P{1H} NMR (CDCl3): δ 49.9 (s). 

HRMS (MALDI) calcd for C26H22NO2PS2Cl2Na [M+Na]+ 568.0099, found 568.0093. 
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Entry 11. White solid. 89% yield. The ee was determined on a Daicel Chiralpak 

AD-H column with hexane/2-propanol = 70/30, flow = 1.0 mL/min. Retention times: 

19.5 min [(S)-enantiomer], 34.7 min [(R)-enantiomer]. 84% ee. [α]20
D = 158 (c 1.04, 

CH2Cl2), The absolute configuration was assigned by analogy with Table 2, entry 4. 
1H NMR (CDCl3): δ 7.94 (dd, J = 11.6 and 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.24 

(dd, J = 12.4 and 8.4 Hz, 2H), 7.01 (dd, J = 8.8 and 2.4 Hz, 2H), 6.91 (d, J = 8.0 Hz, 

2H), 6.73 (dd, J = 8.8 and 2.8 Hz, 2H), 6.69 (dd, J = 8.8 and 2.4 Hz, 2H), 6.39 (d, J = 

8.4 Hz, 2H), 5.95-5.91 (m, 1H), 5.43 (dd, J = 11.2 and 10.4 Hz, 1H), 3.87 (s, 3H), 

3.73 (s, 3H), 3.66 (s, 3H), 2.27 (s, 3H). 13C NMR (CDCl3): δ 162.5 (d, JCP = 3.1 Hz), 

162.3 (d, JCP = 3.1 Hz), 159.2 (d, JCP = 2.7 Hz), 142.7, 137.6 (d, JCP = 1.5 Hz), 133.9 

(d, JCP = 11.6 Hz), 133.6 (d, JCP = 10.8 Hz), 129.6 (d, JCP = 4.7 Hz), 128.9, 126.9, 

124.3, 120.9 (d, JCP = 12.6 Hz), 120.5 (d, JCP = 89.4 Hz), 114.4 (d, JCP = 13.2 Hz), 

113.5 (d, JCP = 13.6 Hz), 112.8 (d, JCP = 2.3 Hz), 55.5 (d, JCP = 58.8 Hz), 55.4, 55.3, 

55.1, 21.3 (d, JCP = 2.4 Hz). 31P{1H} NMR (CDCl3): δ 49.6 (s). HRMS (MALDI) 

calcd for C29H30NO5PS2Na [M+Na]+ 590.1195, found 590.1176. 

 

HN
Ts

P
S

Ph
Me

OMe  

Entry 12. White solid. 96% yield. dr = 1 : 0.9.  

Major diastereomer: 1H NMR (CDCl3): δ 7.52 (dd, J = 12.6 and 7.8 Hz, 2H), 

7.44-7.30 (m, 5H), 6.97 (d, J = 7.8 Hz, 2H), 6.73 (t, J = 7.8, 1H), 6.50 (d, J = 8.4 Hz, 

1H), 6.22 (d, J = 7.5 Hz, 1H), 6.15-6.09 (m, 2H), 4.90 (t, J = 9.9 Hz, 1H), 3.44 (s, 3H), 

2.26 (s, 3H), 2.22 (d, J = 6.9 Hz, 3H). 31P{1H} NMR (CDCl3): δ 50.3 (s).  
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Minor diastereomer: 1H NMR (CDCl3): δ 7.82 (dd, J = 12.9 and 7.5 Hz, 2H), 

7.57-7.43 (m, 3H), 7.31 (d, J = 8.1 Hz, 2H), 7.10 (t, J = 8.1, 1H), 6.93 (d, J = 8.1 Hz, 

2H), 6.76-6.71 (m, 1H), 6.67 (s, 1H), 5.96 (t, J = 8.1 Hz, 1H), 4.82 (t, J = 11.7 and 9.0 

Hz, 1H), 3.66 (s, 3H), 2.29 (s, 3H), 1.64 (d, J = 12.9 Hz, 3H). 31P{1H} NMR (CDCl3): 

δ 48.7 (s).  

 

HN
Ts

P
S

Ph
Me

S  

Entry 13. White solid. 87% yield. dr = 1.5:1. The ee of the minor diastereomer was 

determined on a Daicel Chiralpak AD-H column with hexane/2-propanol = 80/20, 

flow = 1.0 mL/min. Retention times: 12.1 min, 13.8 min. 16% ee. 

Major diastereomer: 1H NMR (CDCl3): δ 7.86 (dd, J = 12.6 and 8.1 Hz, 2H), 

7.57-7.46 (m, 3H), 7.33 (d, J = 8.1 Hz, 2H), 7.16 (t, J = 5.1, 1H), 6.98 (d, J = 7.8 Hz, 

2H), 6.86-6.82 (m, 1H), 6.82 (t, J = 4.8 Hz, 1H), 5.76 (dd, J = 9.0 and 6.3 Hz, 1H), 

5.21 (dd, J = 11.1 and 9.6 Hz, 1H), 2.31 (s, 3H), 1.75 (d, J = 12.9 Hz, 3H). 31P{1H} 

NMR (CDCl3): δ 49.0 (s).  

Minor diastereomer: 1H NMR (CDCl3): δ 7.64 (dd, J = 8.4 and 7.2 Hz, 2H), 7.60-7.33 

(m, 5H), 7.04 (d, J = 8.1 Hz, 2H), 6.87 (t, J = 5.1, 1H), 6.49 (d, J = 3.9 Hz, 1H), 

6.40-6.37 (m, 1H), 5.95 (dd, J = 9.9 and 4.5 Hz, 1H), 5.28 (t, J = 11.5 Hz, 1H), 2.29 (s, 

3H), 2.24 (d, J = 12.6 Hz, 3H). 31P{1H} NMR (CDCl3): δ 50.5 (s). HRMS (ESI) calcd 

for C19H20NO2PS3Na [M+Na]+ 421.0394, found 421.0406. 
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