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1. Supplementary Experiment

Visualization of the reversibility for self-1,3-dipolar cycloaddition. The cycloadduct
--3-benzyl-5-phenyl-imidazolino(spiro-[2,3’]-oxindole)-spiro-[4,3°]-oxindole 3a (ca. 10 mg) was
added to 5 mL sample tube. Then, DCM (2 mL) and additive were added to it respectively. After 4
hours, pictures of these tubes were taken and the image is shown as below. It should be mentioned that
3a is white powder and isatin is reddish solid. Therefore, the solution of 3a should be colorless. The
yellowish or brown color in tube 2 and 3 came from the reversibility of this reaction to generate isatin
in the presence of silica gel. It turned out that basic or neutral conditions can significantly diminish the
reversibility of this reaction. Therefore, aluminum oxide column was chosen to purify the

corresponding cycloadduct.
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Image 1

Additive in each tube:

: no additive;

: 3,5-dinitrobezoic acid;

: silica gel,

: 3,5-dinitrobenzoic acid and silica gel;
: EtzN;

: neutral aluminum oxide;

o o1~ W N B O

: neutral aluminum oxide and 3,5-dinitrobenzoic acid.
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2. Experimental Section

General

Unless otherwise noted, all the reagents were purchased from commercial suppliers and used without
further purification. 'H NMR spectra were recorded at 400 or 500 MHz. The chemical shifts were
recorded in ppm relative to tetramethylsilane and with the solvent resonance as the internal standard. Data
were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz), integration. **C NMR data were collected at 100 MHz with complete
proton decoupling. Chemical shifts were reported in ppm from the tetramethylsilane with the solvent
resonance as internal standard. Infrared spectra (IR) were measured by FT-IR apparatus. High resolution
mass spectroscopy (HRMS) were recorded on TOF MS ES+ mass spectrometer and acetonitrile and
dichloromethane were used to dissolve the sample. Column chromatography was carried out on aluminum
oxide (200-300 mesh).

Typical procedure for synthesis of dispirooxindole-imidazolidine 3:

N-substituted isatin (0.40 mmol), benzylamine (0.48 mmol, 1.2 eq), and 3,5-dinitrobenzonic acid (127 mg,
0.6 mmol, 1.5 eq) were dissolved in THF (4 mL). After completion of the reaction (monitored by TLC),
organic solvent was removed in vacuo. Then the residue was purified via flash chromatography to yield
the corresponding product.

Dispirooxindole 3a:

White solid (89.1 mg, yield 89%, single stereoisomer obtained); m.p. 208-210<C; IR (KBr) v 3431, 3051, 2926,
1715, 1610, 1469, 1347, 1113, 751, 695 cm™; *H NMR (DMSO-dg, 400 MHz) & 8.07 (d, J = 6.8 Hz, 1H), 7.85 (d,
J=7.2 Hz, 1 H), 7.33-7.41 (m, 2H), 7.22-7.30 (m, 2H), 7.12-7.19 (m, 3H), 6.93-7.01 (m, 3H), 6.88 (d, J = 7.2 Hz,
2H), 6.81 (d, J = 7.6 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.53 (d, J = 6.8 Hz, 2H), 5.33 (d, J = 12.0 Hz, 1H), 4.15 (d,
J =12.0 Hz, 1H), 358 (d, J = 13.6 Hz, 1H), 3.27 (d, J = 13.6 Hz, 1H), 2.84 (s, 3H), 2.51 (s, 3H); *C NMR
(DMSO-ds, 100MHz) ¢ 177.4, 176.2, 144.9, 144.6, 137.2, 134.9, 130.9, 129.9, 128.7, 128.2, 127.7, 127.4, 127.0,
126.6, 126.4, 126.2, 1245, 123.1, 122.8, 109.0, 108.9, 81.1, 74.7, 69.8, 49.3, 25.96, 25.77; HRMS (TOF-ES+)
m/z: [M+H]" calcd for C3,H,9N,0,501.2291, found 501.2268.

Dispirooxindole 3c:

White solid (55.9 mg, yield 50%, single stereoisomer obtained); m.p. 151-153<C; IR (KBr) v 3433, 2932, 1728,
1614, 1487, 1185, 1077, 911, 746, 689 cm™; *H NMR (DMSO-dg, 500 MHz) 6 8.10 (d, J = 7.5 Hz, 1H), 7.90-7.92
(m, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.30-7.37 (m, 3H), 7.13-7.18 (m, 3H), 6.93-7.01 (m, 6H), 6.78-6.80 (m, 1H),
6.52 (d, J = 7.5 Hz, 2H), 5.37 (d, J = 11.5 Hz, 1H), 4.92 (d, J = 11.0 Hz, 1H), 4.71 (d, J = 11.0 Hz, 1H), 459 (d, J
=11.0 Hz, 1H), 4.38 (dd, J = 11.0, 5.0 Hz, 2H), 3.62 (d, J = 14.0 Hz, 1H), 3.31 (d, J = 14.0 Hz, 1H), 3.14 (s, 3H),
2.36 (s, 3H); *C NMR (DMSO-dg, 100 MHz) ¢ 178.1, 177.0, 143.4, 143.1, 137.1, 134.7, 131.01, 129.99, 128.7,
128.3, 127.8, 127.2, 126.83, 126.77, 126.7, 125.0, 123.6, 123.5, 110.1, 109.9, 81.7, 74.7, 71.2, 70.9, 70.2, 56.1,
54.9, 49.2; HRMS (TOF-ES+) m/z: [M+Na]" calcd for C3,H3,N,0,Na 583.2321, found 583.2343.

Dispirooxindole 3d:
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White solid (62.1 mg, yield 48%, single sterecisomer obtained); m.p. 192-193<C; IR (KBr) v 3443, 2920, 1729,
1696, 1608, 1179, 963, 756, 694 cm™; *H NMR (DMSO-ds, 500 MHz) 6 8.13 (d, J = 7.0 Hz, 1H), 7.94 (d, J = 7.0
Hz, 1H), 6.98-7.34 (m, 21H), 6.75 (d, J = 8.0 Hz, 1H), 6.62 (d, J = 7.5 Hz, 2H), 6.38-6.40 (m, 3H), 5.47 (d, J =
12.0 Hz, 1H), 4.84 (d, J = 16.0 Hz, 1H), 4.67 (d, J = 16.0 Hz, 1H), 4.52 (d, J = 16.0 Hz, 1H), 4.43 (d, J = 12.0 Hz,
1H), 3.99 (d, J = 16.0 Hz, 1H), 3.73 (d, J = 13.5 Hz, 1H); **C NMR (DMSO-dg, 100 MHz) § 177.6, 176.5, 143.9,
143.7, 137.3, 136.7, 136.0, 134.5, 130.9, 129.8, 129.1, 128.8, 128.6, 128.54, 128.48, 127.9, 127.8, 127.6, 127.3,
127.2, 127.1, 127.0, 126.7, 125.0, 123.11, 123.06, 109.7, 109.4, 81.7, 74.3, 70.1, 49.4, 43.0, 42.9; HRMS
(TOF-ES+) m/z: [M+Na]" calcd for CysH3sN,O,Na 675.2736, found 675.2755.

Dispirooxindole 3e:

White solid (99.5 mg, yield 94%, single stereoisomer obtained); m.p. 224-225<C; IR (KBr) v 3433, 2920, 1725,
1703, 1497, 1091, 974, 748, 697 cm™’; *H NMR (DMSO-ds, 500 MHz) & 7.88 (s, 1H), 7.66 (s, 1H), 7.12-7.20 (m,
5H), 6.94-7.00 (m, 3H), 6.87 (d, J = 7.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 6.55 (d, J = 7.5
Hz, 2H), 5.29 (d, J = 12.0 Hz, 1H), 4.08 (d, J = 12.5 Hz, 1H), 3.60 (d, J = 14.0 Hz, 1H), 3.26 (d, J = 13.5 Hz, 1H),
2.83 (s, 3H), 2.56 (s, 3H), 2.46 (s, 3H), 2.43 (s, 3H); *C NMR (DMSO-dg, 100 MHz) 6 177.3, 176.2, 142.6, 142.3,
137.4, 135.0, 132.0, 131.8, 130.9, 130.0, 128.7, 128.2, 127.7, 127.5, 126.9, 126.8, 126.7, 126.4, 125.2, 108.7,
108.6, 81.3, 74.7, 69.7, 49.4, 26.0, 25.81, 25.76, 21.4; HRMS(TOF-ES+) m/z: [M+H]*calcd for CyuHgsN,4O,
529.2604, found 529.2603.

Dispirooxindole 3f:

White solid (100.7 mg, yield 94%, single sterecisomer obtained); m.p. 191-193<C; IR (KBr) v 3294, 2883, 1712,
1618, 1492, 1269, 1111, 979, 817, 794, 748, 699 cm™; *H NMR (DMSO-dg, 400 MHz) ¢ 7.91 (dd, J = 8.0, 2.8 Hz,
1H), 7.60 (dd, J = 8.0, 2.8 Hz, 1H), 7.14-7.27 (m, 5H), 6.96-7.03 (m, 5H), 6.82 (dd, J = 8.4, 4.0 Hz, 1H), 6.77 (dd,
J =84, 4.0 Hz, 1H), 6.61 (d, J = 6.4 Hz, 2H), 5.27 (d, J = 11.2 Hz, 1H), 4.39 (d, J = 10.8 Hz, 1H), 3.58 (d, J =
13.6 Hz, 1H), 3.32 (d, J = 12.4 Hz, 1H), 2.84 (s, 3H), 2.57 (s, 3H); *C NMR (DMSO-dg, 100 MHz) 6 177.5, 175.8,
160.3, 160.1, 157.9, 157.8, 141.1, 140.8, 136.8, 134.5, 129.44, 129.36, 128.8, 128.5, 128.42, 128.39, 128.2, 127.8,
127.2,126.8, 117.1, 116.9, 116.2, 116.0, 114.5, 114.3, 112.2, 112.0, 109.93, 109.85, 81.22, 75.2, 70.4, 49.6, 26.2,
26.0; HRMS (TOF-ES+) m/z: [M+H]" calcd for C3,H,;N,O,F,537.2102, found 537.2115.

Dispirooxindole 3g:

White solid (66.5 mg, yield 59%, single stereoisomer obtained); m.p. 289-291<C; IR (KBr) v 3429, 2927, 1718,
1609, 1487, 1456, 1097, 975, 808, 747, 696 cm™’; *H NMR (DMSO-dg, 400MHz) & 8.09 (d, J = 2.4 Hz, 1H), 7.78
(d, 3 =2.0 Hz, 1H), 7.45 (dd, J = 8.4, 2.4 Hz, 1H), 7.40 (dd, J = 8.4, 2.0 Hz, 1H), 7.14-7.22 (m, 3H), 6.94-7.01 (m,
5H), 6.85 (d, J = 8.0 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 6.57-6.59 (m, 2H), 5.26 (d, J = 10.8 Hz, 1H), 4.46 (d, J =
10.8 Hz, 1H), 3.55 (d, J = 13.6 Hz, 1H), 3.34 (d, J = 12.0 Hz, 1H), 2.86 (s, 3H), 2.56 (s, 3H); *C NMR (DMSO-d,
100 MHz) 6 177.4, 175.6, 143.8, 143.5, 136.7, 134.5, 130.6, 129.7, 129.6, 128.7, 128.6, 128.5, 128.2, 127.9, 127.3,
127.1,126.9, 126.8, 124.4, 110.5, 110.4, 81.1, 75.0, 70.5, 49.7, 26.2, 25.9; HRMS (TOF-ES+) m/z: [M+Na]" calcd
for C3,H,6N,0,CI,Na591.1331, found 591.1328.

Dispirooxindole 3h:
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White solid (120.1 mg, yield 92%, single sterecisomer obtained); m.p. 245-246<C; IR (KBr) v 3327, 3029, 1717,
1609, 1487, 1456, 1098, 975, 747, 696 cm™; *H NMR (DMSO-dg, 400 MHz) & 8.09 (d, J = 2.0 Hz, 1H), 7.78 (d, J
= 2.4 Hz, 1H), 7.45 (dd, J = 8.4, 2.4 Hz, 1H), 7.40 (dd, J = 8.4, 2.0 Hz, 1H), 7.14-7.25 (m, 3H), 6.96-7.06 (M, 5H),
6.85 (d, J = 8.4 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 6.57-6.59 (m, 2H), 5.26 (d, J = 10.8 Hz, 1H), 4.46 (d, J = 10.8
Hz, 1H), 3.55 (d, J = 13.6 Hz, 1H), 3.34 (d, J = 10.8 Hz, 1H), 2.86 (s, 3H), 2.56 (s, 3H); *C NMR (DMSO-dg, 100
MHz) § 177.4, 175.6, 143.8, 143.5, 136.7, 134.5, 130.6, 129.7, 129.6, 128.7, 128.6, 128.5, 128.2, 127.9, 127.3,
127.1, 126.9, 126.8, 124.4, 110.5, 110.4, 81.1, 75.0, 70.4, 49.7, 26.2, 26.0; HRMS (TOF-ES+) m/z: [M+H]" calcd
for C;,H,7N,0O,Br, 657.0501, found 657.0470.

Dispirooxindole 3i:

White solid (103.9 mg, yield 91%, single stereoisomer obtained); m.p. 187-188<C; IR (KBr) v 3444, 2923, 1724,
1609, 1368, 1070, 898, 743, 697 cm'%; *H NMR (DMSO-dg, 400 MHz) 6 8.04 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 7.6
Hz, 1H), 7.28-7.34 (m, 2H), 7.15-7.22 (m, 3H), 6.91-7.05 (m, 7H), 6.58 (d, J = 6.8 Hz, 2H), 5.28 (d, J = 11.2 Hz,
1H), 4.29 (d, J = 11.2 Hz, 1H), 3.53 (d, J = 13.6 Hz, 1H), 3.31 (d, J = 13.6 Hz, 1H), 2.84 (s, 3H), 2.57 (s, 3H); °C
NMR (DMSO-dg, 100 MHz) 6 177.6, 176.0, 146.4, 146.0, 136.8, 135.4, 134.6, 134.4, 128.7, 128.4, 128.3, 127.9,
127.8, 127.2, 126.6, 126.2, 125.9, 125.4, 122.7, 122.4, 109.5, 109.4, 80.7, 74.5, 69.9, 49.4, 26.2, 26.0; HRMS
(TOF-ES+) m/z: [M+H]" calcd for C3,H»N,0,Cl, 569.1511, found 569.1537.

Dispirooxindole 3j:

White solid (81.7 mg, yield 62%, single stereoisomer obtained); m.p. 208-210<C; IR (KBr) v 3287, 2879, 1739,
1713, 1605, 1368, 1091, 976, 813, 751, 700 cm™; *H NMR (DMSO-dg, 400 MHz) ¢ 7.98 (d, J = 7.6 Hz, 1H), 7.75
(d, J = 8.4 Hz, 1H), 7.43-7.48 (m, 2H), 7.15-7.20 (m, 3H), 6.93-7.08 (m, 7H), 6.57 (d, J = 7.2 Hz, 2H), 5.28 (d, J =
11.2 Hz, 1H), 4.29 (d, J = 10.8 Hz, 1H), 3.53 (d, J = 13.6 Hz, 1H), 3.31 (d, J = 13.6 Hz, 1H), 2.84 (s, 3H), 2.56 (s,
3H); *C NMR (DMSO-ds, 100 MHz) 6 177.5, 175.9, 146.5, 146.1, 136.8, 134.6, 128.7, 128.4, 128.3, 128.2, 127.8,
127.2, 126.6, 126.3, 125.9, 125.7, 125.4, 123.8, 122.7, 112.2, 112.1, 80.8, 74.5, 69.9, 49.5, 26.2, 26.0; HRMS
(TOF-ES+) m/z: [M+H]" calcd for C3,H,»N,O,Br, 657.0501, found 657.0476.

Dispirooxindole 3k:

White solid (83.4 mg, yield 73%, single stereoisomer obtained); m.p. 204-206 <C; IR (KBr) v 3427, 2948, 1719,
1712, 1608, 1464, 1108, 972, 781, 752, 699 cm™’; *H NMR (DMSO-dg, 400 MHz) 6 8.11 (dd, J = 7.2, 0.8 Hz, 1H),
7.85 (dd, J = 7.2, 1.2 Hz, 1H), 7.16-7.40 (m, 7H), 7.00-7.09 (m, 3H), 6.92 (d, J = 7.2 Hz, 2H), 6.53 (d, J = 6.8 Hz,
2H), 5.27 (d, J = 10.4 Hz, 1H), 4.32 (d, J = 10.8 Hz, 1H), 3.51 (d, J = 13.2 Hz, 1H), 3.33 (d, J = 13.6 Hz, 1H), 3.14
(s, 3H), 2.86 (s, 3H); °C NMR (DMSO-ds, 100 MHz) 6 178.1, 176.3, 140.5, 140.1, 136.7, 134.5, 132.8, 131.9,
130.7, 129.9, 128.9, 128.6, 128.3, 127.8, 127.3, 126.6, 125.8, 124.5, 124.1, 123.7, 114.9, 114.7, 80.2, 74.6, 70.5,
49.5,29.2, 28.9; HRMS (TOF-ES+) m/z: [M+H]" calcd for C5,H,,N,0,Cl,569.1511, found 569.1515.

Dispirooxindole 3I:

White solid (100.6 mg, yield 94%, single sterecisomer obtained); m.p. 87-89<C; IR (KBr) v 3419, 2928, 1715,
1611, 1506, 1101, 835, 754 cm™; 'H NMR (DMSO-dg, 400 MHz) 6 8.07 (d, J = 7.2 Hz, 1H), 7.84 (d, J = 6.8 Hz,
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1H), 7.22-7.42 (m, 4H), 6.92-7.01 (m, 4H), 6.85 (d, J = 7.6 Hz, 1H), 6.77-6.81 (m, 3H), 6.52-6.55 (M, 2H), 5.31 (d,
J=11.2 Hz, 1H), 4.24 (d, J = 11.2 Hz, 1H), 3.58 (d, J = 13.6 Hz, 1H), 3.23 (d, J = 13.6 Hz, 1H), 2.88 (s, 3H), 2.62
(s, 3H); C NMR (DMSO-ds, 100 MHz) § 177.5, 176.0, 163.3, 162.6, 160.8, 160.1, 144.8, 144.5, 133.4, 131.18,
131.15, 130.9, 130.6, 130.5, 130.0, 128.7, 128.6, 127.2, 126.6, 126.4, 124.6, 123.1, 122.8, 115.1, 114.9, 1145,
1143, 109.0, 108.9, 81.1, 74.6, 69.2, 486, 26.0, 258, HRMS (TOF-ES+) m/z: [M+Na]" calcd for
CaoH6N4O,F,Na 559.1922, found 559.1908.

Dispirooxindole 3m:

White solid (102.4 mg, yield 89%, single stereoisomer obtained); m.p. 162-165<C; IR (KBr) v 3331, 3069,
2926, 1720, 1612, 1491, 1271, 1102, 966, 849, 750 cm™*; *H NMR (DMSO-ds, 400 MHz) 6 8.07 (d, J =
7.2 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.68-7.74 (m, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.28 (t, J = 8.0 Hz, 1H),
7.15-7.23 (m, 2H), 6.93-7.04 (m, 2H), 6.89 (d, J = 7.6 Hz, 1H), 6.60-6.79 (m, 4H), 5.61 (d, J = 10.8 Hz,
1H), 4.35 (d, J = 10.4 Hz, 1H), 3.77 (d, J = 14.0 Hz, 1H), 3.16 (d, J = 14.0 Hz, 1H), 2.94 (s, 3H), 2.68 (s,
3H); *C NMR (DMSO-ds, 100 MHz) § 177.5, 176.0, 144.8, 144.1, 131.0, 129.9, 126.9, 126.6, 126.3,
125.3, 122.9, 109.0, 108.6, 81.1, 74.4, 62.2, 26.1, 25.9; HRMS (TOF-ES+) m/z: [M+Na]+ calcd for
CsyH,4N4O,F4Na 595.1733, found 595.1738.

Dispirooxindole 3n:

White solid (88.7 mg, yield 78%, single stereoisomer obtained); m.p. 204-205<C; IR (KBr) v 3851, 3673, 3667,
3585, 3456, 2358, 1660, 1614, 970, 808, 757 cm™; 'H NMR (DMSO-dg, 400 MHz) 6 8.05 (d, J = 7.2 Hz, 1H),
7.84 (d, J = 6.8 Hz, 1H), 7.21-7.42 (m, 6H), 7.01 (d, J = 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 7.6 Hz,
1H), 6.79 (d, J = 8.0 Hz, 1H), 6.51 (d, J = 8.0 Hz, 2H), 5.31 (d, J = 11.2 Hz, 1H), 4.28 (d, J = 11.2 Hz, 1H), 3.56 (d,
J =13.6 Hz, 1H), 3.23 (d, J = 13.6 Hz, 1H), 2.88 (s, 3H), 2.61 (s, 3H); *C NMR (DMSO-ds, 100 MHz) 5 177.4,
175.9, 144.8, 144.5, 136.3, 134.1, 132.9, 131.6, 131.0, 130.5, 130.1, 128.5, 128.2, 127.6, 126.9, 126.5, 124.7,
123.2,122.8,109.0, 81.1, 74.4, 69.2, 48.7, 31.4, 26.0, 25.9, 22.5, 14.4; HRMS (TOF-ES+) m/z: [M+Na]" calcd for
CaH26N,40,CI,Na591.1331, found 591.1310.

Dispirooxindole 30:

White solid (84.3 mg, yield 74%, single stereoisomer obtained); m.p. 210-211<C; IR (KBr) v 3913, 3451, 2360,
2342, 1722, 1612, 1469, 1371, 755, 669 cm™; *H NMR (DMSO-dg, 400 MHz) ¢ 8.13 (d, J = 7.2 Hz, 1H), 7.85 (&, J
= 7.8 Hz, 2H), 6.97-7.37 (m, 11H), 6.84 (d, J = 7.6 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H), 5.98 (d, J = 9.6 Hz, 1H),
4.28 (d, J = 9.6 Hz, 1H), 4.06 (d, J = 14.8 Hz, 1H), 3.21 (d, J = 14.8 Hz, 1H), 2.95 (s, 3H), 2.68 (s, 3H); *C NMR
(DMSO-dg, 100 MHz) 6 177.8, 176.0, 144.7, 144.0, 134.8, 133.6, 132.6, 131.1, 130.9, 130.4, 130.0, 129.7, 129.4,
128.9, 128.7, 126.9, 126.8, 126.4, 126.3, 122.9, 122.6, 108.9, 108.6, 81.3, 75.0, 64.5, 46.6, 26.1; HRMS
(TOF-ES+) m/z: [M+Na]" calcd for C3,H,6N,0,Cl,Na591.1331, found 591.1389.
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3. NMR Spectra of New Compounds
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