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Supplementary Materials: Expedient Organocatalytic
Syntheses of 4-Substituted Pyrazolidines
and Isoxazolidines

Tarek Yousfi, Alysha Elliott, Messiad Hanane, Rachid Merdes and Albert Moyano

NMR spectra and chiral HPLC traces for compounds 3, 5, 8aa—8bc, 9aa—9bc, 11a-11c and 12a-12c.
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Figure S1. tert-Butyl (3RS,3aRS,6aSR)-3-Hydroxy-1-((4-nitrophenyl)sulfonyl) hexahydrocyclopenta
[c] pyrazole-2(1H)-carboxylate, 3.

MADDAQ_10072015_R25_FFH1 mmemaszs e g3 mneezo
MA00Q / Num.Tnv. AF/0D4285 =@ =cwsea 5oag TITTTT
alcl3 / Temp: 25C / N.Reg: 000000 = [
Usuari: bart / Mostra: R25_FF

Nom: TAREK YOUSFI L2500
Data: 10/07/15 / Ope.: T.YOUSFI

* 2800

2400

M400AQ_10072815_R25_FF-H1 gz 2200

M400Q / Num.Inv. AF/004285 3
odel3 / Temp: 25C / N.Reg: XHOOUOOMIK
Usuari: bart / Mostra: R25_FF ’
Nom: TAREK YOUSFL

2000

| ,
Data: 10/07/15 / Ope.: T.YOUSFL ll\‘ Lo L1goo
| [
- f} _20 1600
‘_.._m..J \—..._..-._.-\.._ -0
i (-
- - 1400
T B = T T
60 59 58 57 56 55 54 53 52
f1 (ppm) 1200
1000
i
|
[ [ 800
ol
|| rl s
. f / I { L
|| \ ( / f ] 600
| | | [
| It ! J s l
400

NPTy N

[s_
 j—

J, A A
e [ m T T e
TEoh 3 =z z H 5 =zgzanpefc
Srmo a - - o - pEpE -
T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S2. 'TH-NMR (400 MHz) of tert-Butyl (3RS,3aRS,6aSR)-3-Hydroxy-1-((4-nitrophenyl)sulfonyl)
hexahydrocyclopenta [c] pyrazole-2(1H)-carboxylate, 3.



Molecules 2016, 21, 1655; d0i:10.3390/molecules21121655 S2 of S31

M400AQ_11072015_R25FC13

M400Q / Num.Inv. AR/004285

adel3 / Temp: 25C / N.Reg: X0O00C00C0 | |
Usuari: bart / Mostra: R25F [21000
Mom: TAREK YOUSFI

Data: 10/07/15 / Ope.: T.YOUSFI

22000

—15070
141 84
— 13105
—12371
9189
8303
—65.48
—62.18
5350
3369
—30.48
2781
2448

20000
~19000
~18000
~17000
16000
15000
14000
| 13000
12000
11000
~10000
~9000
~8000
7000
6000

5000
4000
3000

| 2000

J S

~-1000

T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S3. BC-NMR (100.6 MHz) of tert-Butyl (3RS,3aRS,6aSR)-3-Hydroxy-1-((4-
nitrophenyl)sulfonyl) hexahydrocyclopenta [c] pyrazole-2(1H)-carboxylate, 3.
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Figure S4. tert-Butyl 3,4-trans-5-Hydroxy-3,4-dimethyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidine-1-
carboxylate, 5.
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Figure S5. 'H-NMR (400 MHz) of tert-Butyl

nitrophenyl)sulfonyl)-pyrazolidine-1-carboxylate, 5.
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Figure S6. "C-NMR (100.6 MHz) of tert-Butyl

nitrophenyl)sulfonyl)-pyrazolidine-1-carboxylate, 5.

3,4-trans-5-Hydroxy-3,4-dimethyl-2-((4-
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Figure S7. tert-Butyl 5-Hydroxy-4-methyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidine-1-carboxylate,
8aa.
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Figure S8. 'H-NMR (400 MHz) of tert-Butyl 5-Hydroxy-4-methyl-2-((4-nitrophenyl)sulfonyl)-
pyrazolidine-1-carboxylate, 8aa.
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Figure S9. BC-NMR (100.6 MHz) of tert-Butyl 5-Hydroxy-4-methyl-2-((4-nitrophenyl)sulfonyl)-

pyrazolidine-1-carboxylate, 8aa.
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Figure S10. (-)-fert-Butyl 4-Methyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-one-1-carboxylate, 9aa.
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Figure S11. '"H-NMR (400 MHz) of (-)-tert-Butyl 4-Methyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-

one-1-carboxylate, 9aa.
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Figure S12. ®*C-NMR (100.6 MHz) of (-)-tert-Butyl 4-Methyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-

5-one-1-carboxylate, 9aa.
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HPLC (Chiralpak® IC column, 90:10 hexane/isopropyl alcohol, 1 uL/min, A = 254 nm, 25 °C).
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Figure S13. rac-9aa.
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Figure S15. tert-Butyl 4-Benzyl-5-hydroxy-2-((4-nitrophenyl)sulfonyl)-pyrazolidine-1-carboxylate,

8ab.
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Figure S16. 'H-NMR (400 MHz) of tert-Butyl 4-Benzyl-5-hydroxy-2-((4-nitrophenyl)sulfonyl)-

pyrazolidine-1-carboxylate, 8ab.
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Figure S17. BC-NMR (100.6 MHz) of tert-Butyl 4-Benzyl-5-hydroxy-2-((4-nitrophenyl)sulfonyl)-

pyrazolidine-1-carboxylate, 8ab.
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Figure S18. (-)-fert-Butyl 4-Benzyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-one-1-carboxylate, 9ab.
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Figure S19. "H-NMR (400 MHz) of (-)-tert-Butyl 4-Benzyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-
one-1-carboxylate, 9ab.
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Figure S20. *C-NMR (100.6 MHz) of (-)-tert-Butyl 4-Benzyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-

5-one-1-carboxylate, 9ab.

HPLC (Chiralpak® IC column, 90:10 hexane/isopropyl alcohol, 1 uL/min, A = 254 nm, 25 °C).
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Figure S21. rac-9ab.
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Figure S23. tert-Butyl 4-Hexyl-5-hydroxy-2-((4-nitrophenyl)sulfonyl)-pyrazolidine-1-carboxylate,

8ac.
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Figure S24. 'H-NMR (400 MHz) of tert-Butyl 4-Hexyl-5-hydroxy-2-((4-nitrophenyl)sulfonyl)-
pyrazolidine-1-carboxylate, 8ac.
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Figure S25. tert-Butyl 4-Hexyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-one-1-carboxylate, 9ac.
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Figure S26. '"H-NMR (400 MHz) of tert-Butyl 4-Hexyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-one-
1-carboxylate, 9ac.
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Figure S27. ®C-NMR (100.6 MHz) of tert-Butyl 4-Hexyl-2-((4-nitrophenyl)sulfonyl)-pyrazolidin-5-

one-1-carboxylate, 9ac.
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Figure S28. 4-Methyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8ba.
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Figure S29. '"H-NMR (400 MHz) of 4-Methyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8ba.
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Figure S30. (-)-4-Methyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9ba.
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Figure S31. '"H-NMR (400 MHz) of (-)-4-Methyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9ba.
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Figure §32. 3C-NMR (100.6 MHz) of (-)-4-Methyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9ba.
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HPLC (Chiralpak®IA column, 90:10 hexane/isopropyl alcohol, 1 pL/min, A = 254 nm, 25 °C).
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Figure S35. 4-Benzyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8bb.
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Figure S36. 'H-NMR (400 MHZz) of 4-Benzyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8bb.
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Figure S37. 4-Benzyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bb.
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Figure S38. 'H-NMR (400 MHz) of 4-Benzyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bb.
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Figure S39. ®*C-NMR (100.6 MHz) of 4-Benzyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bb.
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Figure S40. 4-Hexyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8bc.
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Figure S41. '"H-NMR (400 MHz) of 4-Hexyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-ol, 8bc.
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Figure S42. (-)-4-Hexyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bc.
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Figure S43. 'TH-NMR (400 MHz) of (-)-4-Hexyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bc.
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Figure S44. ®*C-NMR (100.6 MHz) of (-)-4-Hexyl-1,2-bis-(4-toluenesulfonyl)-pyrazolidin-3-one, 9bc.
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HPLC (Chiralpak® IB column, 93:7 hexane/isopropyl alcohol, 1 pL/min, A = 220 nm, 25 °C).
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Figure S47. Benzyl 5-Hydroxy-4-methyl-isoxazolidine-2-carboxylate, 11a
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Figure S48. '"H-NMR (400 MHz) of Benzyl 5-Hydroxy-4-methyl-isoxazolidine-2-carboxylate, 11a.
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Figure S49. ®*C-NMR (100.6 MHz) of Benzyl 5-Hydroxy-4-methyl-isoxazolidine-2-carboxylate, 11a.
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Figure S50. Benzyl 4-Methyl-5-oxo-isoxazolidine-2-carboxylate, 12a.
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Figure S51. '"H-NMR (400 MHz) of Benzyl 4-Methyl-5-oxo-isoxazolidine-2-carboxylate, 12a.
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Figure S52. ®*C-NMR (100.6 MHz) of Benzyl 4-Methyl-5-oxo-isoxazolidine-2-carboxylate, 12a.
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Figure S53. Benzyl 4-Benzyl-5-Hydroxy-isoxazolidine-2-carboxylate, 11b.
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Figure S54. '"H-NMR (400 MHz) of Benzyl 4-Benzyl-5-Hydroxy-isoxazolidine-2-carboxylate, 11b.
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Figure S55. *C-NMR (100.6 MHz) of Benzyl 4-Benzyl-5-Hydroxy-isoxazolidine-2-carboxylate, 11b.
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Figure S56. Benzyl 4-Benzyl-5-oxo-isoxazolidine-2-carboxylate, 12b.
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Figure S57. '"H-NMR (400 MHz) of Benzyl 4-Benzyl-5-oxo-isoxazolidine-2-carboxylate, 12b.
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Figure S58. *C-NMR (100.6 MHz) of Benzyl 4-Benzyl-5-oxo-isoxazolidine-2-carboxylate, 12b.
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Figure S59. Benzyl 4-Hexyl-5-hydroxy-isoxazolidine-2-carboxylate, 11c.
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Figure S60. 'H-NMR (400 MHz) of Benzyl 4-Hexyl-5-hydroxy-isoxazolidine-2-carboxylate, 11c.
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Figure S61. *C-NMR (100.6 MHz) of Benzyl 4-Hexyl-5-hydroxy-isoxazolidine-2-carboxylate, 11c.
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Figure S62. (-)-Benzyl 4-Hexyl-5-oxo-isoxazolidine-2-carboxylate, 12c.
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Figure S63. '"H-NMR (400 MHz) of (-)-Benzyl 4-Hexyl-5-oxo-isoxazolidine-2-carboxylate, 12c.
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Figure S64. *C-NMR (100.6 MHz) of (-)-Benzyl 4-Hexyl-5-oxo-isoxazolidine-2-carboxylate, 12c.

HPLC (Chiralpak® IB column, 90:10 hexane/isopropyl alcohol, 1 pL/min, A = 254 nm, 25 °C).
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Figure S65. rac-12c.
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Peaklable
PDA Ch3 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 13.636 1272551 659970 43 403 49.555
2 16.284 1659359 71226 56.597 50.445
Totall 2931910 141196 100.000 100.000

Figure S66. (-)-12c.
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