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1. Synthesis of compound ent-9
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(2R,3S,4R)-2-Diphenylphosphinomethyl-3,4-O-isopropyliden-pyrrolidine-3,4-diol
(ent-9). To a solution of 81" (223.1 mg, 1.12 mmol) in anhydrous THF (9 mL) at 0 °C
was slowly added KPPh; (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 CH>Cl,. The solvent was
evaporated, and the residue was purified by chromatography column on silica gel
(CH2Clz:cyclohexane, 5:1— CH2Cl,— CHCl;:acetone, 5:1, 0.5% EtsN) 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 [a]p?® — 51.8 (¢ 0.78, CH2Cl,). 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 Et.O (0.6 mL) cooled at 0 °C (R = H,
Me) or in toluene (0.6 mL) at r.t. (R = ‘Bu), the allenoate 20a-c(1.2 equiv, 0.185 mmol)
was added dropwise in Et,O (0.6 mL) (R = H, Me) or in toluene (0.6 mL) (R = Bu). 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 'H NMR reaction crudes.
Racemic samples were prepared with PPhs 0 PBus (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 19a° (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and allenoate
20a* (24 mg, 0.19 mmol) in Et,O (1.2 mL) for 30 h at 0 °C and chromatographycolumn
(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. [a]p?® +94.5 [c 1.0, CHCls, 60% ee, (2S,5R)]. Lit.5 [a]o?® +159.7 [c 1.0,
CHCIs, 97% ee (2S,5R)]. The enantiomeric ratios were determined by HPLC using a

S2



Chiralpak ID column [n-hexanes/iPrOH (70:30)]; flow rate 1.0 mL/min, A =210 nm, T= 30
°C; 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 19a® (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and allenoate 20b® (21 mg,
0.19 mmol) in Et;O (1.2 mL) for 38 h at 0 °C 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.
[a]o?* +49.1 [c 1.0, CHCI3, 31% ee (2S)]. Lit.5 [a]p?® +147.4 [c 1.0, CHCI3, 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, A = 210 nm, T= 30 °C; tz (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 19a® (40 mg, 0.15 mmol), ent-9 (11 mg, 0.03 mmol) and
allenoate 20c® (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 (25,5S)) as a pale yellow oil. NMR and IR data are in accordance with
those of its enantiomer 21c. [a]p?® +68.2 (¢ 1.0, CHCI3, 59% ee (2S,5S)]. Lit.5 [a]p®®
+109.8 [c 1.0, CHCI3, 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, A =
210 nm, T= 30 °C; 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 19b’ (45 mg, 0.15 mmol), ent-9 (11 mg, 0.03
mmol) and allenoate 20a* (24 mg, 0.19 mmol) in Et,O (1.2 mL) for 44 h at 0 °C 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. [a]p?® +101.1 [c¢ 1.0, CHCI3, 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, A = 210 nm, T= 30 °C; tr ((2S,5R),
minor) = 17.0 min, {z ((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 19¢” (46 mg, 0.15 mmol), ent-9 (11 mg, 0.03
mmol) and allenoate 20a* (24 mg, 0.19 mmol) in Et,O (1.2 mL) for 38 h at 0 °C 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. [a]p®* +113.0 [¢ 1.0, CHCI3, 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, A = 210 nm, T= 30 °C; tr ((2S,5R),
minor) = 30.2 min, fz ((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 19d’ (47 mg, 0.15 mmol), ent-9 (11 mg, 0.03
mmol) and allenoate 20a* (24 mg, 0.19 mmol) in Et,O (1.2 mL) for 16 h at 0 °C 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. [a]p? +68.6 [c 1.0, CHCls, 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, A =210 nm, T= 30 °C; tz ((2S,5R), minor)
= 25.5 min, tr ((2R,5S), major) = 32.0 min.
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3. Copies of 'H, '3C and *'P NMR Spectra
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4. HPLC traces

e Compounds 21a and ent-21a

Auto-Scaled Chromatogram
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Compounds 21b and ent-21b

Auto-Scaled Chromatogram
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Compounds 21c and ent-21c
Auto-Scaled Chromatogram
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Compounds 21d and ent-21d

Auto-Scaled Chromatogram
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1| PDA 210.0 nm 13.289 2750161 278 137799
2 [ PDA 210.0 nm 15.120 1891382 191 83002
3| PDA 210.0 nm 16.351 18889356 19.07 768340
4| PDA 210.0 nm 20.803 75514337 76.24 2230208
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1| PDA 210.0 nm 13.798 494507 1.61 25304
2 | PDA 210.0 nm 15.705 761115 248 32991
3| PDA 210.0 nm 16.974 23842756  77.80 958990
4| PDA 210.0 nm 21.332 5549403 18.11 175992
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Compounds 21e and ent-21e

Auto-Scaled Chromatogram

0.0 =
A 8
3 Ts =z
, Cl b
0401 ‘g" N A
2 | ‘ o ‘f
020 o [ [\
§ | *) COzEt ? / \
| \ ©
0 '\ J \ A Vi \
X & fay iy Y Jay
200 2600 2800 2000 3200 3400 3800 3800 4000 4200 4400 4800
Miutes
Processed Channel: PDA 230.0 nm
Retention .
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1| PDA 230.0 nm 26.782 1697430 321 43742
2 | PDA 230.0 nm 30.274 24425861 46.25 524983
3| PDA 230.0 nm 37.560 1699329 322 30928
4 | PDA 230.0 nm 41662 24988655  47.32 389885
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1| PDA 230.0 nm 26.767 1169142 201 29718
2 | PDA 230.0 nm 30.338 9775590 16.81 211980
3| PDA 230.0 nm 37548 1141374 1.96 20073
4 | PDA 230.0 nm 41464 46075742 79.22 717522
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3 | PDA 230.0 nm 37582 1376512 232 25193
4 | PDA 230.0 nm 41.801 10102295  17.04 162556
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Compounds 21f and ent-21f

Auto-Scaled Chromatogram
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Processed Channel Time (min) Area | % Area Height
1| PDA 209.9 nm 19.218 3432191 6.99 104496
2 | PDA 209.9 nm 25111 21130698  43.02 475335
3 | PDA 209.9 nm 31.366 21197644 43.16 379884
4 | PDA 209.9 nm 52.706 3352523 6.83 36419
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1| PDA 209.9 nm 19.348 2420151 522 72774
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3| PDA 209.9 nm 31505 29132062 62.78 520160
4 [ PDA 209.9 nm 53.047 1622201 350 18210
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Processed Channel: PDA 209.9 nm
Retention .
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1| PDA 209.9 nm 19611 2747663 433 81914
2 | PDA 209.9 nm 25534 39325075  62.02 870167
3 | PDA 209.9 nm 31.986 17729920 27.96 314817
4 | PDA 209.9 nm 53.631 3601462 568 39113

S26



. References

. Martinez-Baikn, M.; Carmona, A. T.; Moreno-Clavijo, E.; Robina, |.; Ide, D.; Kato, A.; Moreno-
Vargas, A. J. Tuning of beta-glucosidase and alpha-galactosidase inhibition by generation and
in situ screening of a library of pyrrolidine-triazole hybrid molecules. Eur. J. Med. Chem. 2017,
138, 532. doi.org/10.1016/j.ejmech.2017.06.055

. Borns, C.; Elias-Rodriguez, P.; Carmona, A. T.; Robina, |.; Pimies, O.; Digguez, M. Amino- P
Ligands from Iminosugars: New Readily Available and Modular Ligands for EnantioselectivePd-
Catalyzed Allylic Substitutions. Organometallics 2018, 37, 1682.
doi.org/10.1021/acs.organomet.8b00140

. Makoto, H.; Rie, S.; Satoru, O.; Akira, H. Allyl- and propargylchromium reagents generated by
a chromium(lll) ate-type reagent as a reductant and their reactions with electrophiles. Chem.
Commun. 2001, 4, 357. doi.org/10.1039/B009351N

. a) Castellano, S.; Fiji, H. D. G.; Kiderman, S. S.; Watanabe, M.; Ledn, P.; Tamanoi, F.; Kwon,
O. Phosphine-Catalyzed [4 + 2] Annulation: Synthesis of Cyclohexenes. J. Am. Chem. Soc.
2007, 729, 5843. doi.org/10.1021/ja0752181 b) Lang, R.W.; Hansen, H. J. A Simple Synthesis
of Alkyl Allenecarboxylates (Allenic Esters) by the Wittig-Reaction. Helv. Chim. Acta 1980, 63,
438. doi.org/10.1002/hlca.19800630215

. Henry, C. E,; Xu, Q.; Fan, Y. C.; Martin, T. J.; Belding, L.; Dudding, T.; Kwon, O.
Hydroxyproline-Derived Pseudoenantiomeric [2.2.1] Bicyclic Phosphines: Asymmetric
Synthesis of (+)- and (-)-Pyrrolines. J. Am. Chem. Soc. 2014, 136, 11890.
doi.org/10.1021/ja505592h

. Li, J.; Wang, N.; Chunju, L.; Jia, X. Multicomponent Reaction to Construct Spirocyclic
Oxindoles with a Michael (Triple Michael)/Cyclization Cascade Sequence as the Key Step.
Chem. Eur. J. 2012, 18, 9645. doi.org/10.1002/chem.201104071

. a) Sivakumar, A. V.; Babu, G. S.; Bhat, S. V. Asymmetric synthesis of f-amino acids through
application of chiral sulfoxide Tetrahedron: Asymmetry 2001, 12, 1095.
doi.org/10.1016/S0957-4166(01)00185-9 b) Wang, K.; Xing, Z.; Ma, Y.; Wang, Q. One-step
Preparation of N-tosylimines Using Zeolite Catalysts. Catal. Lett. 2008, 123, 129.
doi.org/10.1007/s10562-008-9405-9

S27



