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1. Synthesis of compound ent-9 
 
 
 
 
 
 
 
 

(2R,3S,4R)-2-Diphenylphosphinomethyl-3,4-O-isopropyliden-pyrrolidine-3,4-diol 
(ent-9). To a solution of S11 (223.1 mg, 1.12 mmol) in anhydrous THF (9 mL) at 0 °C 

was slowly added KPPh2 (0.5 M in THF, 4.5 mL, 2.24 mmol). The mixture was heated at 

reflux for 2 h and then warmed to room temperature. IRA-120H+ was added, and the 

resulting mixture was filtered through Celite and washed with CH2Cl2. The solvent was 

evaporated, and the residue was purified by chromatography column on silica gel 

(CH2Cl2:cyclohexane, 5:1→ CH2Cl2→ CH2Cl2:acetone, 5:1, 0.5% Et3N) to give ent-9 
(399 mg, 1.17 mmol, quant.) as a colorless oil. NMR and IR data are in accordance with 

those of its enantiomer 9.2 [α]D23 – 51.8 (c 0.78, CH2Cl2). HRMS (ESI) m/z found 

356.1759, calc. for C21H27NO2P [M+H]+: 356.1774. 

 
2. Synthesis of enantiomeric 3-pyrrolines ent-(21a-f) 

 
 
General procedure: To a solution of the imine 19a-d (1.0 equiv, 0.154 mmol) and 

phosphine ent-9 (0.2 equiv, 0.03 mmol, 11 mg) in Et2O (0.6 mL) cooled at 0 ºC (R = H, 

Me) or in toluene (0.6 mL) at r.t. (R = tBu), the allenoate 20a-c(1.2 equiv, 0.185 mmol) 

was added dropwise in Et2O (0.6 mL) (R = H, Me) or in toluene (0.6 mL) (R = tBu). The 

reaction mixture was stirred for the specified time at specific temperature. Then, the 

solvent was concentrated and the resulting residue was purified by chromatography 

column on silica gel to give pure ent-21. Enantiomeric ratios were determined by HPLC 

analysis. Diastereomeric ratios were determined by analysis of 1H NMR reaction crudes. 

Racemic samples were prepared with PPh3 o PBu3 (20 mol%) in toluene at r.t. following 

this general procedure. 

 
(2S,5R) Ethyl 2-Phenyl-5-methyl-1-tosyl-2,5-dihydro-1H-pyrrol-3-carboxylate (ent- 

21a). Reaction of imine 19a3 (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and allenoate 

20a4 (24 mg, 0.19 mmol) in Et2O (1.2 mL) for 30 h at 0 ºC and chromatography   column 
(toluene:acetone, 60:1), afforded ent-21a (53 mg, 0.14 mmol, 90%, 60% ee, dr 94:6 
cis/trans) as a pale yellow oil. NMR and IR data are in accordance with those of its 

enantiomer 21a. [α]D23 +94.5 [c 1.0, CHCl3, 60% ee, (2S,5R)]. Lit.5 [α]D20 +159.7 [c 1.0, 
CHCl3, 97% ee (2S,5R)]. The enantiomeric ratios were determined by HPLC using a 
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Chiralpak ID column [n-hexanes/iPrOH (70:30)]; flow rate 1.0 mL/min, λ = 210 nm, T= 30 

ºC; tR ((2S,5R), major) = 15.7 min, tR ((2R,5S), minor) = 24.7 min. 

 
(2S) Ethyl 2-Phenyl-1-tosyl-2,5-dihydro-1H-pyrrol-3-carboxylate (ent-21b). Reaction 

imine 19a3 (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and allenoate 20b6 (21 mg, 

0.19 mmol) in Et2O (1.2 mL) for 38 h at 0 ºC and chromatography column 

(EtOAc:cyclohexane, 1:5), afforded ent-21b (47 mg, 0.13 mmol, 81%, 31% ee (2S)) as 
a colourless oil. NMR and IR data are in accordance with those of its enantiomer 21b. 

[α]D24 +49.1 [c 1.0, CHCl3, 31% ee (2S)]. Lit.5 [α]D20 +147.4 [c 1.0, CHCl3, 72% ee (2S)]. 

The enantiomeric ratios were determined by HPLC using a Chiralpak IC column [n- 
hexanes/iPrOH (50:50)]; flow rate 1.0 mL/min, λ = 210 nm, T= 30 ºC; tR (2S, minor) = 
15.2 min, tR (2R, major) = 22.3 min. 

 
 
(2S,5S) Ethyl 5-(terc-Butyl)-2-phenyl-1-tosyl-2,5-dihydro-1H-pyrrol-3-carboxylat 
(ent- 21c). Reaction of imine 19a3 (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and 

allenoate 20c6 (31 mg, 0.19 mmol) in toluene (1.2 mL) for 48 h at r.t. and chromatography 

column (EtOAc:cyclohexane, 1:8), afforded ent-21c (59 mg, 0.14 mmol, 90%, dr 100:0 

cis/trans, 59% ee (2S,5S)) as a pale yellow oil. NMR and IR data are in accordance with 

those of its enantiomer 21c. [α]D23 +68.2 (c 1.0, CHCl3, 59% ee (2S,5S)]. Lit.5 [α]D20
 

+109.8 [c 1.0, CHCl3, 99% ee (2S,5S)]. The enantiomeric ratios were determined by 

HPLC using a Chiralpak IA column [n-hexanes/iPrOH (80:20)]; flow rate 1.0 mL/min, λ = 

210 nm, T= 30 ºC; tR ((2S,5S), minor) = 5.0 min, tR ((2R,5R), major) = 6.1 min. 

 
(2S,5R) Ethyl 5-Metyl-2-(4-methoxyphenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3- 
carboxylate (ent-21d). Reaction of imine 19b7 (45 mg, 0.15 mmol), ent-9 (11 mg, 0.03 

mmol) and allenoate 20a4 (24 mg, 0.19 mmol) in Et2O (1.2 mL) for 44 h at 0 ºC and 

chromatography column (Toluene:acetone, 50:1), afforded ent-21d (35 mg, 0.08 mmol, 

55%, dr 94:6 cis/trans, 60% ee (2S,5R)) as a pale yellow oil. NMR and IR data are in 

accordance with those of its enantiomer 21d. [α]D23 +101.1 [c 1.0, CHCl3, 60% ee 

(2S,5R)]. The enantiomeric ratios were determined by HPLC using a Chiralpak IF column 

[n-hexanes/iPrOH (70:30)]; flow rate 1.0 mL/min, λ = 210 nm, T= 30 ºC; tR ((2S,5R), 

minor) = 17.0 min, tR ((2R,5S), major) = 21.3 min. 

 
(2S,5R) Ethyl 2-(4-Chlorophenyl)-5-methyl-1-tosyl-2,5-dihydro-1H-pyrrol-3- 
carboxilate (ent-21e). Reaction of imine 19c7 (46 mg, 0.15 mmol), ent-9 (11 mg, 0.03 
mmol) and allenoate 20a4 (24 mg, 0.19 mmol) in Et2O (1.2 mL) for 38 h at 0 ºC and 
chromatography column (Toluene:acetone, 50:1), afforded ent-21e (40 mg, 0.01 mmol, 
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78%, dr 93:7 cis/trans, 62% ee (2S,5R)) as a colourless oil. NMR and IR data are in 

accordance with those of its enantiomer 21e. [α]D24 +113.0 [c 1.0, CHCl3, 62% ee 

(2S,5R)]. The enantiomeric ratios were determined by HPLC using a Chiralpak IC column 

[n-hexanes/iPrOH (90:10)]; flow rate 1.0 mL/min, λ = 210 nm, T= 30 ºC; tR ((2S,5R), 

minor) = 30.2 min, tR ((2R,5S), major) = 41.8 min. 

 
(2S,5R) Ethyl 5-Methyl-2-(4-nitrophenyl)-1-tosyl-2,5-dihydro-1H-pyrrol-3- 
carboxilate (ent-21f). Reaction of imine 19d7 (47 mg, 0.15 mmol), ent-9 (11 mg, 0.03 

mmol) and allenoate 20a4 (24 mg, 0.19 mmol) in Et2O (1.2 mL) for 16 h at 0 ºC and 

chromatography column (Toluene:acetone, 50:1), afforded ent-21f (42 mg, 0.10 mmol, 

63%, dr 88:12 cis/trans, 34% ee (2S,5R)) as a colourless oil. NMR and IR data are in 

accordance with those of its enantiomer 21f. [α]D25 +68.6 [c 1.0, CHCl3, 34% ee (2S,5R)]. The 

enantiomeric ratios were determined by HPLC using a Chiralpak IC column [n- 

hexanes/iPrOH (70:30)]; flow rate 1.0 mL/min, λ = 210 nm, T= 30 ºC; tR ((2S,5R), minor) 

= 25.5 min, tR ((2R,5S), major) = 32.0 min. 
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3. Copies of 1H, 13C and 31P NMR Spectra 
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4. HPLC traces 
 
 
• Compounds 21a and ent-21a 
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• Compounds 21b and ent-21b 
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• Compounds 21c and ent-21c 
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• Compounds 21d and ent-21d 
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• Compounds 21e and ent-21e 
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• Compounds 21f and ent-21f 
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