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Six-Membered Spirocyclic Oxindoles with Six
Continuous Stereogenic Centers
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Table S1. Screening of reaction conditions 2l
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@ COOEt
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N OTMS
N 2) ppXxNO2 pBage H
Boc h Cat
1a 2a 3a Boc  4a
A0|d 7777777777777777777777777777777 (Base: ‘
A4 R =4-NO, COOH : B4 = Ethyldiisopropylamine
| A;R=H R = |1 Bg=Triethylamine
! A3R=4-OMe = 11 Bg = Triethylenediamine
| AR=2F | Ba=KCO
e . Bs o Bs
Entry Solvent Acid Base ti[h] t2[h] Yield™®[%] ee!d[%]
1 MeCN A B:1 12 12 81 93
2 MeCN A B: 16 12 76 93
3 MeCN As B: 16 12 79 93
4 MeCN As B:1 12 12 81 93
5 MeCN A1 B2 12 12 84 97
6 MeCN A Bs 12 10 84 97
7 MeCN A Bs 12 6 77 97
8 MeCN A1 Bs 12 24 67 98
9 MeCN A Bs 12 48 65 99
10 Toluene A1 B2 24 12 88 93
11 CH:Cl2 A B2 24 12 75 97
12 EtO A1 B2 36 12 85 95
13 THF A B2 36 12 75 97
14 EtOH A B: 2 12 75 95
15 DMF A1 B: 36 12 trace -
16 EtOH with 5% H20 A B2 1 12 82 97
17 EtOH with 10% H20 A1 B2 12 82 96
18 EtOH with 20% H20 A1 B2 12 12 87 97
19 EtOH with 5% H20 and 10% Cat A B: 1 12 83 97
20 EtOH with 5% H20 and 5% Cat A B2 12 88 98
21 EtOH with 5% H20O and 1% Cat A B2 72 12 80 93

Notes: [a] Unless noted otherwise, the reactions were carried out with 1a (0.1 mmol), 2a (0.12 mmol),

catalyst Cat. (0.02 mmol), and acid A (0.02 mmol) in 0.4 mL of solvent at room temperature for
specified time (t1), and then 3a (0.12 mmol) and base (0.04 mmol) were added to react for another
time (t2); [b] Isolated yield of 4a; [c] Determined by HPLC analysis on chiral column; dr > 20:1 as

determined by 'H NMR spectroscopic and HPLC analysis.
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1. The Confirmation of Absolute Configuration
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Figure S1. Crystal data for racemate

compounds 5g (CCDC 1468094 contain the

supplementary crystallographic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre).

Table S2. The information of crystal of racemate compound 5g.

Bond Precision:

C-C=0.0035 A

Wavelength = 0.71073

Coll: a=11.4531(9) b =11.770(1) c=13.6961(11)
] alpha =106.493(3) beta=90.763(3) gamma =108.221(2)
Temperature: 296 K

Table S3. The information of crystal of racemate compound 5g.

Parameter Calculated Reported

Volume 1671.0(2) 1670.9(2)

Space group P-1 P-1

Hall group -P1 -P1

Moiety formula ~ C34 H35 CI N2 O9 C34 H35 CIN2 09
Sum formula C34 H35 CIN2 O9 C34 H35 CI N2 O9
Mr 651.09 651.09

Dx,g cm™ 1.294 1.294

Z 2 2

Mu (mm™) 0.170 0.170

F000 684.0 684.0

F000 684.65

h,k,Imax 14,15,17 14,15,17

Nref 7737 7705

Tmin, Tmax 0.973,0.983 0.696,0.746

Tmin’ 0.957

Table S4. The information of crystal of racemate compound 5g.

Correction method = # Reported T Limits: Tmin = 0.696 Tmax = 0.746 AbsCorr = MULTI-SCAN

Data completeness = 0.996
R(reflections) = 0.0476(3049)
S=0.844

Theta(max) = 27.581
wR2(reflections) = 0.1083(7705)
Npar =452
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2. NMR Spectra and HPLC Traces
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Figure S2. '"H NMR spectrum (CDCls, 500 MHz) of 5a.
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Figure S3. *C NMR spectrum (CDCls, 125 MHz) of 5a.
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Figure S4. The HPLC profiles of racemate 5a
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Figure S5. The HPLC profiles of 5a.
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Figure S6. '"H NMR spectrum (CDCls, 500 MHz) of 5b.
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Figure S7. 13C NMR spectrum (CDCls, 125 MHz) of 5b.
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Ne. RT Area Area % BC

1 4,447 3528337 47.683 EB

2 8.613 3871204 52.317 BB
7399541 100.000

Figure S8. The HPLC profiles of racemate 5b.
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Figure S9. The HPLC profiles of 5b.
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Figure 510. '"H NMR spectrum (CDCls, 500 MHz) of 5c.
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Figure S11. *C NMR spectrum (CDCls, 125 MHz) of 5c.
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Figure §12. The HPLC profiles of racemate 5c.
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Figure S13. The HPLC profiles of 5b.
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Figure S14. '"H NMR spectrum (CDCls, 500 MHz) of 5d.
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Figure S15. 3C NMR spectrum (CDCls, 125 MHz) of 5c.
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Figure S16. The HPLC profiles of racemate 5d.
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Figure S17. The HPLC profiles of 5d.
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Figure S18. 'H NMR spectrum (CDCls, 500 MHz) of 5e.
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Figure S19. *C NMR spectrum (CDCls, 125 MHz) of 5e.
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Figure S20. The HPLC profiles of racemate 5e.
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Figure S21. The HPLC profiles of 5e.
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Figure S22. '"H NMR spectrum (CDCls, 500 MHz) of 5f.
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Figure 523. ¥*C NMR spectrum (CDCls, 125 MHz) of 5f.
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Figure 524. The HPLC profiles of racemate 5f.
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Figure S25. The HPLC profiles of 5f.
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Figure S28. The HPLC profiles of racemate 5g.
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Figure §29. The HPLC profiles of 5g.
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Figure S30. 'TH NMR spectrum (CDCls, 500 MHz) of 5h.
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Figure S31. *C NMR spectrum (CDCls, 125 MHz) of 5h.
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Figure $32. The HPLC profiles of racemate 5h.
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Figure S33. The HPLC profiles of 5h.
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Figure S34. '"H NMR spectrum (CDCls, 500 MHz) of 5
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Figure $36. The HPLC profiles of racemate 5i.
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Figure S37. The HPLC profiles of 5i.
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Figure S38. '"H NMR spectrum (CDCls, 500 MHz) of 5j.
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Figure 540. The HPLC profiles of racemate 5j.
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Figure S41. The HPLC profiles of 5j.
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Figure S43. *C NMR spectrum (CDCls, 125 MHz) of 5k.
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Figure S44. The HPLC profiles of racemate 5k.
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Figure $45. The HPLC profiles of 5k.
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Figure S47. 3C NMR spectrum (CDCls, 125 MHz) of 51.
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Figure $49. The HPLC profiles of 5.
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Figure S50. '"H NMR spectrum (CDCls, 500 MHz) of 5m.
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Figure S52. The HPLC profiles of racemate 5m.
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Figure S53. The HPLC profiles of 5m.
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Figure S57. The HPLC profiles of 5n.
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Figure S61. The HPLC profiles of 5n.
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Figure S62. 'H NMR spectrum (CDCls, 500 MHz) of 5p.
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Figure S64. The HPLC profiles of racemate 5p.
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Figure S65. The HPLC profiles of 5p.
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Figure $69. The HPLC profiles of 5q.
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Figure S70. '"H NMR spectrum (CDCls, 500 MHz) of 5r.

L9EL—

992

Prd 1A
8€'6E—

mm.mv\
gz
89667
v L9~
co.mm/

GL'GB~.
21687

he W
nm»
mm_mw_‘

14 mN_./

rviect
cr'ecl

9L'LEL—
vLLEL
8r'cElL
6.°€EL

cLopl—
£€8°0GL~
09'€GlL—

0S'04L—
¥Sril—

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
180

Figure S71. ¥*C NMR spectrum (CDCls, 125 MHz) of 5r.



Catalysts 2016, 6, 65; doi:10.3390/catal6050065 538 of S52
300 3 n
250 é
£ E
) 200 3
& 3
W 150 3
b 3
" 100 =
50 3
= .
0 1 2 3 4 5 6 7 & 9 10 11
Retention Time (min)
Chrom Type: Fixed WL Chromatogram, 210 nm
Peak Quantitaticn: AREA
Calculation Method: AREAS
No. RT Area Area % BC
1 4.587 3645347 48.157 BB
2 10,047 3924350 51.843 BB
7569697 100.000
Figure S72. The HPLC profiles of racemate 5r.
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Figure S73. The HPLC profiles of 5r.
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Figure S76. The HPLC profiles of racemate 5s.
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Figure S77. The HPLC profiles of 5s.
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Figure S78. 'H NMR spectrum (CDCls, 500 MHz) of 5t.
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Figure S79. *C NMR spectrum (CDCls, 125 MHz) of 5t.
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Figure $80. The HPLC profiles of racemate 5t.
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Figure S81. The HPLC profiles of 5t.
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Figure S82. 'H NMR spectrum (CDCls, 500 MHz) of 5u.
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Figure S83. °C NMR spectrum (CDCls, 125 MHz) of 5u.
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Figure $84. The HPLC profiles of racemate 5u.
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Figure S85. The HPLC profiles of 5u.
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Figure S86. 'H NMR spectrum (CDCls, 500 MHz) of 5v.
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Figure S87. 3C NMR spectrum (CDCls, 125 MHz) of 5v.
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Figure S$88. The HPLC profiles of racemate 5v.
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Figure 589. The HPLC profiles of 5v.
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Figure S91. *C NMR spectrum (CDCls, 125 MHz) of 5w.
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Figure §92. The HPLC profiles of racemate 5w.
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Figure §93. The HPLC profiles of 5w.



Catalysts 2016, 6, 65; doi:10.3390/catal6050065 549 of S52

i o R B AR fm et e BT o o L i Tt i
= oMON «© o~ M~ b ® W 0w o © o o
3 §Reg S < 8 s &=23=g R 2 08 =
- = oo o - - = - N ed o -~ o
T T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 50 45 4.0 35 3.0 25 20 1.5 1.0
f1 (ppm)
Figure S94. '"H NMR spectrum (CDCls, 500 MHz) of 5x.
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Figure §95. °C NMR spectrum (CDCls, 125 MHz) of 5x.
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Figure S97. The HPLC profiles of 5x.
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Figure 598. 'TH NMR spectrum (CDCls, 500 MHz) of 7.
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Figure 599. °C NMR spectrum (CDCls, 125 MHz) of 7.
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Figure S100. The HPLC profiles of racemate 7.
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Figure S101. The HPLC profiles of racemate 7.

0

© 2016 by the authors; licensee MDP]I, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).



