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rel-(1R,3R)-1'-benzyl-5'-methyl-6-((Z2)-4-methylbenzylidene)-2',5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3a): white solid, 84%, m.p. 213-215 °C;
IH NMR (600 MHz, CDCls) § 7.70 (s, 1H, ArH), 7.43 (s, 2H, ArH), 7.33 (s, 4H, ArH), 7.29 (s, 1H,
ArH), 7.25-7.22 (m, 4H, ArH), 7.19-7.18 (m, 1H, ArH), 7.13-7.11 (m, 2H, ArH), 6.76-6.75 (m, 1H,
ArH), 6.63 (s, 1H, CH), 5.07 (d, J = 15.6 Hz, 1H, CH>), 5.02 (d, J = 13.2 Hz, 1H, CH,), 4.86 (d, J
= 15.0 Hz, 1H, CH,), 3.46 (t, J = 13.8 Hz, 1H, CH), 3.08 (d, J = 15.6 Hz, 1H, CHy), 2.40 (s, 3H,
CHa), 2.38 (s, 3H, CH3), 2.34 (s, 3H, CHs). 13C NMR (100 MHz, CDCls) § 196.9, 171.7, 140.7,
140.4, 139.8, 139.6, 134.4, 134.0, 131.9, 131.6, 130.8, 130.1, 129.8, 129.3, 129.1, 129.0, 128.9,
128.0, 127.1, 127.0, 123.0, 112.3, 110.9, 60.3, 49.0, 44.6, 44.4, 42.6, 21.4, 21.2. IR (KBr) v: 3727,
3405, 3029, 2921, 2863, 2317, 1911, 1709, 1609, 1501, 1443, 1362, 1295, 1185, 1049, 1022, 959,
920, 820, 732 cmt; MS (m/z): HRMS (ESI) Calcd. for CssHsiNaN3sO: ([M+Na]*): 584.2314, found:

584.2306.
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rel-(1R,3R)-1'-benzyl-6-((Z2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl)phenyl)-5'-methyl-

2' 5-dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3b): white solid, 80%, m.p. 173-
175 °C; *H NMR (400 MHz, CDCls) & 7.70 (s, 1H, ArH), 7.46 (s, 4H, ArH), 7.35-7.28 (m, 9H,
ArH), 7.18 (d, J = 8.0 Hz, 1H, ArH), 6.77 (d, J = 8.0 Hz, 1H, ArH), 6.64 (s, 1H, CH), 5.09-5.01 (m,
2H, CH>), 4.87 (d, J = 15.6 Hz, 1H, CHy), 3.49 (t, J = 14.0 Hz, 1H, CH), 3.13-3.08 (m, 1H, CH>),
2.38 (s, 3H, CHs3), 1.33 (s, 9H, (CHa)3), 1.30 (s, 3H, (CH3)3).2*.C NMR (100 MHz, CDCls) § 196.9,
171.8, 152.9, 152.6, 140.7, 140.2, 134.5, 133.9, 131.9, 131.5, 130.8, 130.1, 129.3, 129.0, 128.7,
128.0,127.2,127.1, 126.1, 125.3, 123.1, 112.4, 110.9, 60.4, 49.0, 44.6, 44.4, 42.6, 34.8, 34.7, 31.2,
31.1,21.4. IR (KBr) v: 3288, 2963, 1728, 1614, 1499, 1358, 1306, 1266, 1207, 1112, 1058, 1021,

968, 829 cm!; MS (m/z): HRMS (ESI) Calcd. for CsHi3NaN3sO; ([M+Na]*): 668.3253, found:
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rel-(1R,3R)-1'-benzyl-6-((Z2)-benzylidene)-5'-methyl-2",5-dioxo-3-phenylspiro[cyclohexane-

1,3'-indoline]-2,2-dicarbonitrile (3c): white solid, 80%, m.p. 162-164 °C; 'H NMR (400 MHz,
CDCls) § 7.71 (s, 1H, ArH), 7.57-7.55 (m, 2H, ArH), 7.48-7.44 (m, 3H, ArH), 7.34-7.33 (m, 10H,
ArH), 7.20 (d, J = 8.0 Hz, 1H, ArH), 6.78 (d, J = 8.4 Hz, 1H, ArH), 6.69 (s, 1H, CH), 5.11-5.05 (m,
2H, CH,), 4.87 (d, J = 16.0 Hz, 1H, CH>), 3.49 (t, J = 13.6 Hz, 1H, CH), 3.14-3.09 (m, 1H, CH,),
2.40 (s, 3H, CH3).13C NMR (100 MHz, CDCls) 6 196.5, 171.6, 140.7, 140.4, 134.5, 134.4, 134.0,
133.8, 132.0, 131.2, 129.6, 129.3, 129.2, 129.1, 129.0, 128.9, 128.3, 128.0, 127.2, 127.0, 122.9,
112.2,112.1, 110.9, 60.3, 48.9, 44.7, 44.3, 42.9, 29.7, 21.4. IR (KBr) v: 3728, 3399, 3032, 2918,
2852, 2319, 1948, 1882, 1709, 1609, 1492, 1441, 1348, 1189, 1064, 1018, 926, 811, 772, 733

cmt; MS (m/z): HRMS (ESI) Calcd. for CssH27NaN3O, ([M+Na]*): 556.2001, found: 556.1991.
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rel-(1R,3R)-1'-benzyl-6-((Z)-4-chlorobenzylidene)-3-(4-chlorophenyl)-5'-methyl-2',5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3d): pole pink solid, 70%, m.p. 244-
246 °C; *H NMR (400 MHz, CDCls) & 7.69 (s, 1H, ArH), 7.49-7.43 (m, 4H, ArH), 7.32-7.28 (m,
9H, ArH), 7.21 (d, J = 8.0 Hz, 1H, ArH), 6.80 (d, J = 8.0 Hz, 1H, ArH), 6.63 (s, 1H, CH), 5.10-5.04
(m, 2H, CHy), 4.86 (d, J = 15.6 Hz, 1H, CH,), 3.39 (t, J = 14.0 Hz, 1H, CH), 3.10-3.05 (m, 1H,
CHa), 2.41 (s, 3H, CH3).13C NMR (100 MHz, CDCl3) § 195.7, 171.5, 140.7, 139.2, 135.8, 135.5,
134.3, 134.2, 132.9, 132.2, 132.1, 131.5, 130.6, 130.3, 129.5, 129.0, 128.6, 128.1, 127.1, 126.9,
122.6, 112.1, 112.0, 111.1, 60.2, 48.7, 44.7, 44.1, 42.2, 21.4. IR (KBr) v: 3726, 3630, 3405, 3065,
2925, 2316, 1903, 1708, 1610, 1494, 1443, 1414, 1357, 1291, 1187, 1091, 1059, 1013, 917, 824,

732 cm® MS (m/z): HRMS (ESI) Calcd. for CssH2sNaClN3O, ([M+Na]*): 624.1222, found:

624.1204.
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rel-(1R,3R)-1'-benzyl-6-((Z)-4-bromobenzylidene)-3-(4-bromophenyl)-5'-methyl-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3e): white solid, 75%, m.p. 233-234
°C; 'H NMR (400 MHz, CDCl3) & 7.68 (s, 1H, ArH), 7.60 (d, J = 6.8 Hz, 2H, ArH), 7.46-7.41 (m,
4H, ArH), 7.36-7.30 (m, 5H, ArH), 7.23-7.19 (m, 3H, ArH), 6.79 (d, J = 8.4 Hz, 1H, ArH), 6.61 (s,
1H, CH), 5.10-5.02 (m, 2H, CH,), 4.86 (d, J = 16.0 Hz, 1H, CH,), 3.39 (t, J = 14.8 Hz, 1H, CH),
3.10-3.05 (m, 1H, CHy), 2.41 (s, 3H, CHs). 3C NMR (100 MHz, CDCls) & 195.6, 171.4, 140.7,
139.3, 134.2, 133.4, 132.5, 132.4, 132.2, 131.6, 131.5, 130.8, 130.6, 129.0, 128.1, 127.1, 126.9,
124.0, 123.8, 122.6, 112.0, 111.9, 111.1, 60.2, 48.5, 44.7, 44.0, 42.3, 21.4. IR (KBr) v: 3725, 3627,
3401, 3065, 2924, 2316, 1902, 1708, 1613, 1493, 1443, 1411, 1357, 1291, 1187, 1110, 1070, 10009,
959, 917, 821, 733 cm'L; MS (m/z): HRMS (ESI) Calcd. for CasH2sNaBraNsO, ([M+Na]*): 712.0211,

found: 712.0167.
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rel-(1R,3R)-6-((2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl)phenyl)-1",5'-dimethyl-2",5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3f): yellow solid, 42%, m.p. 212-214
°C; H NMR (400 MHz, CDCls) § 7.68 (s, 1H, ArH), 7.43 (s, 4H, ArH), 7.32-7.26 (m, 5H, ArH),
6.95 (s, 1H, ArH), 6.65 (s, 1H, CH), 4.96 (d, J = 11.2 Hz,, 1H, CH>), 3.45 (t, J = 16.0 Hz, 1H, CH),
3.29 (s, 3H, CHa), 3.07 (d, J = 10.8 Hz, 1H, CHy), 2.44 (s, 3H, CHs3), 1.32 (s, 9H, (CHs)3), 1.29 (s,
9H, (CHs)3). *°C NMR (100 MHz, CDCls) 8 193.5, 171.9, 142.7, 139.1, 137.3, 136.0, 135.9, 134.1,
131.9, 129.9, 128.1, 127.5, 127.1, 126.7, 126.5, 125.4, 121.5, 112.0, 111.9, 111.0, 59.6, 48.9, 44.3,
37.7, 27.2. IR (KBr) v: 3030, 2956, 2869, 1710, 1611, 1502, 1424, 1358, 1195, 1149, 1052, 939,

817, 738 cmt; MS (m/z): HRMS (ESI) Calcd. for CsgH3zgNaNsO, ([M+Na]*): 592.2940, found:

592.29109.
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rel-(1R,3S)-6-((2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl)phenyl)-1',5'-dimethyl-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3f*): yellow solid, 14%, m.p. 172-174

°C; 'H NMR (400 MHz, CDCls) & 8.10 (s, 1H, ArH), 7.43 (s, 4H, ArH), 7.01-6.94 (m, 4H, ArH),

6.48-6.47 (m, 3H, ArH), 5.02-4.99 (m, 1H, CH,), 3.43 (m, 1H, CH), 3.21 (s, 1H, CH), 3.15 (s, 3H,

CHs), 2.13 (s, 3H, CH3), 1.32 (s, 9H, (CHs)3), 1.22 (s, 9H, (CHs)3). 3C NMR (100 MHz, CDCls) &

1944, 172.9, 152.4, 150.7, 147.5, 141.0, 133.1, 132.2, 131.5, 130.7, 128.4, 127.2, 126.6, 126.1,

125.2,124.2,112.4,111.7, 108.6, 56.3, 49.1, 41.0, 39.0, 34.7, 34.5, 31.2, 31.0, 26.8, 21.0; IR (KBr)

v: 3125, 3021, 2764, 1715, 1610, 1531, 1415, 1342, 1143, 1121, 1035, 940, 815, 732 cm?; MS

(m/z): HRMS (ESI) Calcd. for CzsHzsNaN3zO2 ([M+Na]*): 592.2940, found: 592.2920.
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rel-(1R,3R)-5'-methyl-6-((Z2)-4-methylbenzylidene)-2*,5-dioxo-3-(p-tolyl)spiro[cyclohexane-

1,3'-indoline]-2,2-dicarbonitrile (3g): white solid, 60%, m.p. 252-254 °C; 'H NMR (400 MHz,
CDCl3) & 8.26 (s, 1H, NH), 7.64 (s, 1H, ArH), 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.25-7.21 (m, 5H,
ArH), 7.12 (d, J = 8.0 Hz, 2H, ArH), 6.96 (d, J = 8.0 Hz, 1H, ArH), 6.68 (s, 1H, CH), 4.93-4.88 (m,
1H, CHy), 3.50-3.42 (m, 1H, CH), 3.08-3.03 (m, 1H, CHy), 2.41 (s, 3H, CHs), 2.37 (s, 3H, CH3),
2.33 (s, 3H, CH3). C NMR (100 MHz, CDCls) 6 197.3, 173.1, 141.0, 139.8, 139.6, 138.6, 133.8,
132.0, 131.6, 130.9, 129.8, 129.6, 129.2, 129.1, 128.8, 127.2, 123.5, 112.2, 112.0, 111.4, 60.7, 49.1,
44.4,42.4,21.4,21.4,21.2. IR (KBr) v: 3311, 3035, 2920, 1901, 1726, 1615, 1450, 1449, 1419,
1359, 1305, 1197, 1052, 959, 888, 818, 746 cm™; MS (m/z): HRMS (ESI) Calcd. for Cs1H2sNaN30:

([M+Na]*): 494.1844, found: 494.1830.
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rel-(1R,3R)-6-((2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl)phenyl)-5'-methyl-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3h): pale yellow solid, 65%, m.p. 238-
240 °C; *H NMR (400 MHz, CDCls) 6 7.84 (s, 1H, NH), 7.65 (s, 1H, ArH), 7.45 (s, 4H, ArH), 7.34
(d, J=8.4 Hz, 2H, ArH), 7.29 (d, J = 8.4 Hz, 3H, ArH), 6.97 (d, J = 8.0 Hz, 1H, ArH), 6.67 (s, 1H,
CH), 4.93-4.89 (m, 1H, CHy), 3.51-3.43 (m, 1H, CH), 3.09-3.04 (m, 1H, CH,), 2.41 (s, 3H, CHa),
1.33 (s, 9H, (CHa)3), 1.30 (s, 3H, (CHz)3). 13C NMR (100 MHz, CDCls) 6 197.4, 173.1, 152.9, 152.6
140.9, 138.5, 133.8, 132.0, 131.4, 130.8, 129.5, 129.2, 128.6, 127.2, 126.1, 125.4, 123.5, 112.2,
112.0,111.4,60.8,49.0,44.3,42.4,34.8,34.7,31.2,31.1, 21.4. IR (KBr) v: 3684, 3288, 2964, 1728,
1614, 1500, 1358, 1307, 1266, 1207, 1112, 1058, 1021, 968, 830 cm*; MS (m/z): HRMS (ESI)

Calcd. for Cs7Hs7NaN3O; ([M+Na]*): 578.2783, found: 578.2766.
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rel-(1R,3R)-6-((Z)-4-bromobenzylidene)-3-(4-bromophenyl)-1'-butyl-5'-methyl-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3i): white solid, 65%, m.p. 170-172 °C;
IH NMR (400 MHz, CDCls) & 7.66 (s, 1H, ArH), 7.59 (d, J = 8.0 Hz, 2H, ArH), 7.43-7.38 (m, 4H,
ArH), 7.34 (d, J = 8.0 Hz, 1H, ArH), 7.19 (d, J = 8.0 Hz, 2H, ArH), 6.96 (d, J = 8.0 Hz, 1H, ArH),
6.61 (s, 1H, CH), 5.00-4.96 (m, 1H, CH5), 3.91-3.84 (m, 1H, CH>), 3.66-3.58 (m, 1H, CHy), 3.35 (t,
J =14.0 Hz, 1H, CH), 3.07-3.02 (m, 1H, CHy), 2.45 (s, 3H, CH3), 1.75-1.68 (m, 2H, CHy), 1.45-
1.40 (m, 2H, CHy), 0.97 (t, J = 7.2 Hz, 3H, CHs). 23C NMR (100 MHz, CDCl3) § 195.7, 171.1, 141.0,
139.0, 133.9, 133.5, 132.6, 132.4, 132.2, 131.5, 130.8, 130.6, 127.0, 124.0, 123.7, 122.7, 112.0,
111.7,110.1,60.0,48.7,44.0,42.2, 40.7, 29.2, 21.4, 20.1, 13.6. IR (KBr) v: 3094, 2934, 2868, 1701,
1615, 1592, 1495, 1436, 1352, 1329, 1271, 1238, 1198, 1164, 1120, 1079, 1055, 991, 916, 857, 837,
815, 736, 713 cm; MS (m/z): HRMS (ESI) Calcd. for CssHz;NaBrNsO2 ([M+Na]*): 678.0368,

found: 678.0340.
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rel-(1R,3R)-1'-butyl-5'-methyl-6-((Z)-4-methylbenzylidene)-2',5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3j): white solid, 68%, m.p. 214-216 °C;
IH NMR (400 MHz, CDCls) & 7.68 (s, 1H, ArH), 7.41 (d, J = 8.4 Hz, 2H, ArH), 7.31 (d, J = 8.0 Hz,
1H, ArH), 7.24-7.22 (m, 4H, ArH), 7.11 (d, J = 8.0 Hz, 2H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH),
6.64 (s, 1H, CH), 4.99-4.94 (m, 1H, CHy), 3.90-3.83 (m, 1H, CH5), 3.65-3.58 (m, 1H, CH>), 3.46-
3.39 (M, 1H, CH), 3.07-3.02 (m, 1H, CHy), 2.43 (s, 3H, CHs), 2.37 (s, 3H, CHs), 2.33 (s, 3H, CHa),
1.75-1.68 (M, 2H, CH>), 1.46-1.39 (m, 2H, CH,), 0.97 (t, J = 7.2 Hz, 3H, CH3). *C NMR (100 MHz,
CDCl3) 6 196.8, 171.4, 141.1, 140.1, 139.7, 139.5, 133.6, 131.8, 131.7, 130.9, 130.0, 129.8, 129.3,
129.0, 128.8, 127.2, 123.2,112.3, 112.1, 109.9, 60.1, 49.2, 44.4, 42.5, 40.6, 29.2, 21.4, 21.3, 21.2,
20.1, 13.6. IR (KBr) v: 3030, 2956, 2869, 1710, 1611, 1502, 1424, 1358, 1195, 1149, 1052, 939,

817, 738 cmt; MS (m/z): HRMS (ESI) Calcd. for CssH3sNaNsO; ([M+Na]*): 550.2470, found:
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rel-(1R,3R)-1'-butyl-6-((Z2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl) phenyl)-5'-methyl-2°,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3k): white solid, 70%, m.p. 143-145
°C; 'H NMR (400 MHz, CDCls) & 7.68 (s, 1H, ArH), 7.44 (s, 4H, ArH), 7.34-7.27 (m, 5H, ArH),
6.95 (d, J = 8.0 Hz, 1H, ArH), 6.64 (s, 1H, CH), 4.99-4.95 (m, 1H, CH>), 3.90-3.83 (m, 1H, CH>),
3.67-3.60 (m, 1H, CH>), 3.49-3.42 (m, 1H, CH), 3.09-3.04 (m, 1H, CH), 2.43 (s, 3H, CH3), 1.76-
1.68 (m, 2H, CHy), 1.48-1.40 (m, 2H, CHy), 1.33 (s, 9H, (CH3)3), 1.29 (s, 9H, (CH3)3), 0.97 (t,J =
7.2 Hz, 3H, CH3). 3C NMR (100 MHz, CDCls) 6 197.0, 171.4, 152.8, 152.5, 141.1, 140.0, 133.6,
131.8, 131.6, 130.8, 130.0, 129.3, 128.6, 127.2, 126.0, 125.3, 123.2, 112.3, 112.1, 109.9, 60.2, 49.1,
44.3,42.4,40.6, 34.8, 34.7,31.2, 31.1, 29.2, 21.4, 20.1, 13.7. IR (KBr) v: 2963, 2872, 1711, 1608,
1500, 1462, 1423, 1360, 1264, 1197, 1151, 1114, 1058, 932, 831 cm; MS (m/z): HRMS (ESI)

Calcd. for Cs1HisNaN3sO2 ([M+Na]*): 634.3409, found: 634.3394.
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rel-(1R,3R)-1'-benzyl-5'-chloro-6-((Z)-4-methylbenzylidene)-2*,5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3I): white solid, 65%, m.p. 235-237 °C;
IH NMR (400 MHz, CDCls) & 7.89 (s, 1H, ArH), 7.42 (d, J = 8.0 Hz, 2H, ArH), 7.39-7.30 (m, 7H,
ArH), 7.27 (s, 1H, ArH), 7.23 (s, 2H, ArH), 7.13 (d, J = 8.0 Hz, 2H, ArH), 6.80 (d, J = 8.8 Hz, 1H,
ArH), 6.60 (s, 1H, CH), 5.09 (d, J = 15.6 Hz, 1H, CH,), 5.01-4.96 (m, 1H, CH>), 4.86 (d, J = 15.6
Hz, 1H, CHy), 3.47 (t, J = 14.0 Hz, 1H, CH), 3.12-3.07 (m, 1H, CH>), 2.38 (s, 3H, CH3), 2.35 (s,
3H, CH3).23C NMR (100 MHz, CDCls) § 196.3, 171.4, 141.7, 140.5, 140.1, 139.7, 133.8, 131.6,
131.3, 130.5, 129.9, 129.7, 129.4, 129.3, 129.1, 128.8, 128.2, 127.1, 126.83, 124.6, 112.1, 112.0,
60.3,48.8,44.8,44.3,42.6,21.4,21.2. IR (KBr) v: 3728, 3407, 3033, 2919, 2318, 1899, 1776, 1717,
1611, 1485, 1425, 1349, 1259, 1188, 1083, 1020, 957, 883, 816, 724 cm; MS (m/z): HRMS (ESI)

Calcd. for Cs7H2sNaCIN3O2 ([M+Na]*): 604.1768, found: 604.1754.
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rel-(1R,3R)-1'-benzyl-6-((Z2)-4-(tert-butyl)benzylidene)-3-(4-(tert-butyl)phenyl)-5'-chloro-2*,5-
dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3m): white solid, 72%, m.p. 184-186
°C; 'H NMR (400 MHz, CDCl3) & 7.88 (s, 1H, ArH), 7.46 (s, 4H, ArH), 7.39-7.29 (m, 10H, ArH),
6.81 (d, J = 8.4 Hz, 1H, ArH), 6.60 (s, 1H, CH), 5.08 (d, J = 16.0 Hz, 1H, CH,), 5.01-4.97 (m, 1H,
CHy), 4.99 (d, J = 15.6 Hz, 1H, CH,), 3.49 (t, J = 13.6 Hz, 1H, CH), 3.13-3.08 (m, 1H, CH,), 1.34
(s, 9H, (CHa)3), 1.30 (s, 9H, (CH3)3).*C NMR (100 MHz, CDCl3) & 196.4, 171.5, 153.3, 152.8,
141.7, 140.4, 133.9, 131.6, 131.2, 130.4, 129.7, 129.4, 129.3, 129.1, 128.6, 128.2, 127.1, 126.8,
126.1, 125.4, 124.7, 112.1, 60.4, 48.7, 44.8, 44.3, 42.6, 34.8, 34.7, 31.2, 31.1, 26.9. IR (KBr) v:
3685, 3062, 2962, 1718, 1607, 1486, 1424, 1354, 1265, 1189, 1114, 1019, 958, 832 cm; MS (m/z):

HRMS (ESI) Calcd. for CsHaoNaCINsO; ([M+Na]*): 688.2707, found: 688.2677.
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rel-(1R,3R)-1'-benzyl-5'-chloro-6-((Z)-4-isopropylbenzylidene)-3-(4-isopropylphenyl)-2',5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3n): white solid, 70%, m.p. 242-244
°C; 'H NMR (400 MHz, CDCl3) & 7.89 (s, 1H, ArH), 7.45 (d, J = 7.6 Hz, 2H, ArH), 7.38-7.30 (m,
10H, ArH), 7.19 (d, J = 7.6 Hz, 2H, ArH), 6.81 (d, J = 8.4 Hz, 1H, ArH), 6.59 (s, 1H, CH), 5.08 (d,
J =16.0 Hz, 1H, CHy), 4.99 (d, J = 12.8 Hz, 1H, CH5), 4.88 (d, J = 15.2 Hz, 1H, CHy), 3.48 (t, J =
14.4 Hz, 1H, CH), 3.10 (d, J = 15.2 Hz, 1H, CH)), 2.96-2.88 (m, 2H, CH), 1.27 (d, J = 6.4 Hz, 6H,
(CHa)2), 1.23 (d, J = 6.8 Hz, 6H, (CH3)2).3C NMR (100 MHz, CDCl3) 5 196.4, 171.5, 151.0, 150.5,
141.7, 140.5, 133.9, 131.6, 130.8, 129.7, 129.2, 129.1, 128.9, 128.2, 127.3, 127.1, 126.8, 126.5,
124.7,112.1,112.0,60.4, 48.8, 44.8,44.3,42.7, 34.0, 33.8, 23.8, 23.8, 23.7. IR (KBr) v: 3035, 2965,
1718, 1610, 1483, 1423, 1351, 1188, 1056, 1016, 958, 921, 887, 831, 721 cm; MS (m/z): HRMS

(ESI) Calcd. for Ca1H3sNaCINsO; ([M+Na]*): 660.2394, found: 660.2367.
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rel-(1R,3R)-1'-butyl-5'-chloro-6-((Z)-4-methylbenzylidene)-2*,5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (30): white solid, 42%, m.p. 225-227 °C;
IH NMR (400 MHz, CDCl3) & 7.88 (s, 1H, ArH), 7.51 (d, J = 7.2 Hz, 1H, ArH), 7.40 (d, J = 7.2 Hz,
2H, ArH), 7.24-7.23 (m, 4H, ArH), 7.12 (d, J = 6.8 Hz, 2H, ArH), 6.99 (d, J = 8.0 Hz, 1H, ArH),
6.60 (s, 1H, CH), 4.93-4.90 (m, 1H, CHy), 3.91-3.84 (m, 1H, CH>), 3.64-3.60 (m, 1H, CHy), 3.47-
3.40 (m, 1H, CH), 3.07-3.03 (m, 1H, CHy), 2.37-2.33 (s, 3H, CHs), 1.72-1.69 (m, 2H, CH>), 1.43-
1.42 (m, 2H, CHy), 0.97 (d, J = 5.6 Hz, 1H, CH3). **C NMR (100 MHz, CDCl3) § 196.3, 171.1,
142.1, 140.3, 140.0, 139.7, 131.6, 131.4, 130.5, 129.9, 129.4, 129.3, 129.2, 129.1, 128.8, 127.0,
124.7, 112.2, 111.9, 111.1, 60.1, 48.9, 44.3, 42.5, 40.8, 29.1, 21.4, 21.2, 20.1, 13.6. IR (KBr) v:
3689, 2962, 2317, 1713, 1595, 1501, 1468, 1388, 1354, 1324, 1271, 1244, 1212, 1161, 1135, 1047,
882, 831 cmt; MS (m/z): HRMS (ESI) Calcd. for CssH3CINaNsO2 ([M+Na]*): 570.1924,

found: 570.1912.
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rel-(1R)-1'-butyl-5'-chloro-6-((Z)-4-methylbenzylidene)-2',5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (30"): lilac solid, 8%, m.p. 167-169 °C;
IH NMR (400 MHz, CDCl3) 6 8.12 (s, 1H, ArH), 7.39 (d, J = 8.4 Hz, 2H, ArH), 7.26-7.23 (m, 2H,
ArH), 7.13-7.09 (m, 2H, ArH), 6.77 (d, J = 7.6 Hz, 2H, ArH), 6.56 (d, J = 8.4 Hz, 1H, CH), 6.48 (d,
J =8.0 Hz, 2H, ArH)), 4.96-4.91 (m, 1H, CH,), 3.86-3.78 (m, 1H, CH,), 3.48-3.43 (m, 1H, CH,),
3.41-3.37 (M, 1H, CH), 3.21-3.15 (m, 1H, CHy), 2.36 (s, 3H, CH3), 2.21 (5, 3H, CH3), 1.71-1.63 (m,
2H, CHy), 1.52-1.42 (m, 2H, CHy), 1.00 (t, J = 7.2 Hz, 3H, CHs). 3C NMR (100 MHz, CDCls) &
194.0, 172.2, 147.5, 1415, 139.5, 138.4, 132.0, 131.3, 130.1, 130.0, 129.9, 128.8, 128.5, 128.2,
127.0,126.6,126.3,112.1,111.5,109.9, 56.1, 49.0, 40.9, 39.3, 29.0, 21.2, 21.1, 20.4, 13.7; IR (KBr)
v: 3628, 3413, 3041, 2910, 2832, 1958, 1845, 1813, 1710, 1543, 1483, 1342, 1231, 1123, 1043,

1010, 945, 821,753,721 cmrl; MS (m/z): HRMS (ESI) Calcd. for CssHasCINaNsO; ([M+Na]*):

570.1924, found: 570.1910.

=

Q

-

6
I

1:588
1480
1423
1.017
0.999

0.980
—0.000

0.96=
< 10d
21303 S

270.97=

1.5
1 (ppm)

34



—194.01

—172.21
— 147.54
—138.40
—129.93

N
\
4
\

128.23

126.34

112.10
111.46
109.94

—56.12
—49.02

—40.93
\3925
—29.01

—20.40
—13.66

T
190

T T
180 170 160 150 140 130

T
120

T
110
£1 (ppm)

100 90 80 70 60

Intens.
x104

5

EN

3
2

1

0

567.1828

565.2352
I -l L |

570.1910

571.1941

573.1917

575. IZI.697
1

+MS, 0.05-0.39min #(3-23)

T
564

T
566 568

T
570 572

35

T
574

T T
576 578 mz



rel-(1R,3R)-1'-benzyl-5'-fluoro-6-((Z)-4-methylbenzylidene)-2',5-dioxo-3-(p-

tolyl)spiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3p): white solid, 53%, m.p. 223-225
°C; 'H NMR (400 MHz, CDCls) & 7.70-7.67 (m, 1H, ArH), 7.43 (d, J = 8.0 Hz, 2H, ArH), 7.36-
7.30 (m, 5H, ArH), 7.27 (s, 2H, ArH), 7.24 (s, 2H, ArH), 7.14-7.09 (m, 3H, ArH), 6.83-6.79 (m,
1H, ArH), 6.60 (s, 1H, CH), 5.09 (d, J = 15.6 Hz, 1H, CH>), 5.03-4.98 (m, 1H, CH>), 4.86 (d, J =
16.0 Hz, 1H, CHy), 3.46 (t, J = 14.8 Hz, 1H, CH), 3.12-3.07 (m, 1H, CH>), 2.38 (s, 3H, CH3), 2.34
(s, 3H, CH3).1*C NMR (100 MHz, CDCls) § 196.3, 171.6, 160.6, 158.1, 140.4, 140.1, 139.7, 139.2,
134.0, 131.4, 130.5, 129.9, 129.5, 129.4, 129.1, 129.1, 128.8, 128.2, 127.1, 124.5, 124.4, 118.3,
118.1,114.9, 114.6, 112.1, 112.0, 112.0, 60.5, 48.8, 44.8, 44.3, 42.6, 21.4, 21.2. IR (KBr) v: 3725,
3407, 3031, 2917, 2319, 1881, 1715, 1614, 1494, 1452, 1421, 1352, 1270, 1185, 1145, 1021, 965,
928, 875, 819, 731 cm't; MS (m/z): HRMS (ESI) Calcd. for C37H2sNaFN3O, ([M+Na]*): 588.2063,

found: 588.2053.

7.697
7.692

0 Ao
A
N
~

826
816
804
794
598
075
027
016
993
983
882
842
3.498
3.461
3.426
3.105
3.067

2382
2342
—-0.000

!
X

36



[=2) o ~ <+ oo TS 0O AN N — <O
o O v — N S~ 00N 6N O WO — O o~ SO — Al S 0
N=) — S B S AN RO 066t NN~ ¥ XX o < =
=8 ~ 9Owun < AN AN A o S B —_—
— — —_— o — — e e e e e e — o <t <t <+ <+ (o Bl o]
| N e T R e IS~ <
| I
“ “ ” | " ‘
| |
LU )
‘20 Z‘IO 2‘00 I“)O 1‘80 1‘70 1‘60 1130 I‘r\() 1‘30 120 1‘\0 1‘00 ;0 R‘O 7‘0 liwﬂ Flﬂ ‘1‘0 ?‘0 2‘0 1‘0
f1 (ppm)
Intens. 4 +MS, 0.12-0.22min #(7-13)
x105 1
| 588.2053
4]
3_
2_
1 589.2082
l_
] 585.1964
] 583.2489 | | 5902108
0 T I T T L T T T T T T T
582 584 586 588 590 592 594 596 598 mz

37




rel-(1R,3R)-1'-benzyl-5'-fluoro-6-((Z)-4-isopropylbenzylidene)-3-(4-isopropylphenyl)-2°,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3q): white solid, 72%, m.p. 195-197
°C; 'H NMR (400 MHz, CDCls) & 7.70-7.67 (m, 1H, ArH), 7.45 (d, J = 8.4 Hz, 2H, ArH), 7.37-
7.29 (m, 9H, ArH), 7.18 (d, J = 8.4 Hz, 2H, ArH), 7.14-7.09 (m, 1H, ArH), 6.83-6.80 (m, 1H, ArH),
6.60 (s, 1H, CH), 5.09 (d, J = 16.0 Hz, 1H, CH>), 5.03-4.99 (m, 1H, CH>), 4.88 (d, J = 16.0 Hz, 1H,
CHo), 3.47 (t, = 15.2 Hz, 1H, CH), 3.13-3.08 (m, 1H, CH,), 2.97-2.86 (m, 2H, CH), 1.27 (d, J =
6.8 Hz, 6H, (CHa)2), 1.23 (d, J = 6.8 Hz, 6H, (CH3)2).13C NMR (100 MHz, CDCls) & 196.4, 171.6,
158.1, 151.0, 150.5, 140.3, 139.2, 139.1, 134.0, 131.6, 130.8, 129.7, 129.3, 129.1, 128.9, 128.2,
127.3,127.1, 126.5, 124.5, 118.3, 118.1, 114.9, 114.6, 112.1, 112.0, 111.9, 60.5, 48.8, 44.8, 44.3,
42.6,34.0,33.8, 26.9, 23.8, 23.8, 23.7, 23.7. IR (KBr) v: 3059, 2961, 1715, 1612, 1492, 1454, 1420,
1353, 1270, 1185, 1058, 1018, 966, 926, 831, 727 cm™*; MS (m/z): HRMS (ESI) Calcd. for

Ca1HzsNaFN3O2 ([M+Na]*): 644.2689, found: 644.2666.
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rel-(1R,3R)-6-((2)-4-methylbenzylidene)-2,5-dioxo-3-(p-tolyl)spiro[cyclohexane-1,3'-

indoline]-2,2-dicarbonitrile (3r): pale pink solid, 56%, m.p. 252-254 °C; 'H NMR (400 MHz,
CDCls) 6 8.12 (s, 1H, NH), 7.87 (d, J = 7.6 Hz, 1H, ArH), 7.49-7.41 (m, 3H, ArH), 7.29-7.27 (m,
2H, ArH), 7.26-7.22 (m, 3H, ArH), 6.67 (s, 1H, CH), 4.92 (m, 1H, CH>), 3.50-3.43 (m, 1H, CH),
3.09-3.04 (m, 1H, CH,). 13C NMR (100 MHz, CDCls) & 197.6, 173.2, 141.1, 141.0, 139.9, 139.7,
131.5, 131.4, 130.7, 129.8, 129.2, 129.3, 129.1, 128.8, 126.7, 124.0, 123.4, 112.2, 112.0, 111.8,
60.7, 49.1, 44.3, 42.4, 21.4, 21.2. IR (KBr) v: 3686, 3067, 1723, 1567, 1514, 1474, 1420, 1381,
1323, 1191, 1045, 821, 759 cm; MS (m/z): HRMS (ESI) Calcd. for CsH2sNaNsO, ([M+Na]*):

480.1688, found: 480.1675.
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rel-(1R,3R)-1'-benzyl-6-((Z2)-4-methylbenzylidene)-2',5-dioxo-3-(p-tolyl)spiro[cyclohexane-

1,3'-indoline]-2,2-dicarbonitrile (3s): pale yellow solid, 72%, m.p. 212-214 °C; 'H NMR (600
MHz, CDCls) & 7.91 (d, J = 6.6 Hz, 1H, ArH), 7.44-7.39 (m, 3H, ArH), 7.34 (s, 4H, ArH), 7.30-
7.27 (m, 2H, ArH), 7.25-7.23 (m, 4H, ArH), 7.11 (d, J = 7.2 Hz, 2H, ArH), 6.88 (d, J = 7.2 Hz, 1H,
ArH), 6.62 (s, 1H, CH), 5.10 (d, J = 15.6 Hz, 1H, CH.), 5.03-5.00 (m, 1H, CH>), 4.88 (d, J = 16.2
Hz, 1H, CHy), 3.47 (t, J = 13.2 Hz, 1H, CH), 3.11-3.07 (m, 1H, CHy), 2.38 (s, 3H, CH3), 2.34 (s,
3H, CH3).23C NMR (100 MHz, CDCls) § 196.7, 171.9, 143.2, 140.3, 139.9, 139.6, 134.3, 131.6,
131.4, 130.7, 129.9, 129.8, 129.5, 129.1, 129.0, 128.8, 128.0, 127.2, 126.6, 124.1, 123.1, 112.2,
112.3, 111.1, 60.3, 49.0, 44.7, 44.4, 42.6, 21.4, 21.2. IR (KBr) v: 3729, 3407, 3029, 2965, 2922,
2859, 2319, 1980, 1903, 1805, 1710, 1607, 1482, 1362, 1298, 1183, 1153, 1120, 1045, 953, 894,

812,763, 733 cmt; MS (m/z): HRMS (ESI) Calcd. for C37H29NaN3O- ([M+Na]*): 570.2157, found:
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rel-(1R,3R)-1'-benzyl-6-((Z2)-4-isopropylbenzylidene)-3-(4-isopropylphenyl)-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3t): white solid, 68%, m.p. 168-170 °C;
IH NMR (400 MHz, CDCls) & 7.91 (d, J = 7.6 Hz, 1H, ArH), 7.46 (d, J = 8.0 Hz, 2H, ArH), 7.40
(d, J=8.0 Hz, 1H, ArH), 7.35-7.33 (m, 4H, ArH), 7.35-7.33 (m, 4H, ArH), 7.31-7.28 (m, 5H, ArH),
7.24 (s, 1H, ArH), 7.17 (d, J = 8.0 Hz, 2H, ArH), 6.89 (d, J = 8.0 Hz, 1H, ArH), 6.62 (s, 1H, CH),
5.09 (d, J = 15.6 Hz, 1H, CHy), 5.04-5.00 (m, 1H, CH>), 4.89 (d, J = 16.0 Hz, 1H, CHy), 3.48 (t, J
= 14.0 Hz, 1H, CH), 3.12-3.07 (m, 1H, CH,), 2.97-2.85 (m, 2H, CH), 1.26 (d, J = 6.8 Hz, 6H,
(CHs)2), 1.22 (d, J = 6.8 Hz, 6H, (CH3)2). 3C NMR (100 MHz, CDCl3) § 196.8, 171.9, 150.8, 150.3,
143.2, 140.3, 134.3, 131.8, 131.4, 131.0, 129.8, 129.7, 129.0, 128.9, 128.0, 127.2, 127.1, 126.6,
126.5, 124.0, 123.1, 112.2, 111.1, 60.4, 49.0, 44.7, 44.4, 42.7, 34.0, 33.8, 23.8, 23.8, 23.7, 23.6. IR
(KBr) v: 3685, 3057, 2962, 1711, 1609, 1479, 1420, 1364, 1191, 1056, 1014, 957, 845, 754 cm™;

MS (m/z): HRMS (ESI) Calcd. for Ca1H37NaN3O ([M+Na]*): 626.2783, found: 626.2762.
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rel-(1R,3R)-1'-benzyl-6-((Z)-benzylidene)-2',5-dioxo-3-phenylspiro[cyclohexane-1,3"-

indoline]-2,2-dicarbonitrile (3u): pale yellow solid, 52%, m.p. 211-213 °C; *H NMR (400 MHz,
CDCls) 5 7.93 (d, J = 7.6 Hz, 1H, ArH), 7.56-7.54 (m, 2H, ArH), 7.46-7.39 (m, 4H, ArH), 7.35-
7.27 (m, 10H, ArH), 7.25 (d, J = 7.2 Hz, 1H, ArH), 6.90 (d, J = 8.0 Hz, 1H, ArH), 6.68 (s, 1H, CH),
5.11 (d, J = 16.0 Hz, 1H, CHy), 5.08-5.04 (m, 1H, CH,), 4.89 (d, J = 16.0 Hz, 1H, CHy), 3.50 (t, J
= 14.0 Hz, 1H, CH), 3.14-3.09 (m, 1H, CH,). 13C NMR (100 MHz, CDCl3) § 196.3, 171.7, 143.2,
140.3, 134.5, 134.3, 133.7, 131.5, 130.9, 129.6, 129.4, 129.3, 129.2, 129.0, 128.3, 128.1, 127.2,
126.6, 124.1, 122.9,112.2,112.1, 111.2, 60.3, 48.9, 44.7,44.3, 42.9, 29.7. IR (KBr) v: 3728, 3413,
3040, 2919, 2852, 2317, 1958, 1888, 1813, 1711, 1607, 1483, 1457, 1356, 1231, 1187, 1069, 1009,
951, 835, 784, 746 cm™t; MS (m/z): HRMS (ESI) Calcd. for CasHzsNaNsO2 ([M+Na]*): 542.1844,

found: 542.1844.

Lo o O SO TITO®H® ANO N ®
=0 I Swo& AIEUVLTOO MRV AR R
QAN A QR —2Se X MY —m—=OO
o~ o~ o~ -~ O v Yo v n nwn sk N N oon N N N on
~ N | = —l =
|
|
I
|
|
| il 1 It | i
ooy oo AR T T
® WD = o — el =)
S =& S — %S S 3
S —_ —_ - —_ —
T T
0 7 3.5

r T T T
10.0 9.5 9.0 8.5 8. 1.5 4.0
1 (ppm)

46



< < O <+ <t 0O AN~
@ = Ry K N R A 53N %
N=3 — NS NN A — AN 0O N x P
(o)} o~ < < AN A — = (=3 0 < < Al (=
— — —— —— o — — = <+ < < < (9]
I I N NOT N O I
|
I
| I 1/ | '
1 |
| | L el
| | | | | | | |
: T T T T T T T T T T T T T T T T T T T T T )
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 -10
f1 (ppm)
Intens. 4 +MS, 0.02-0.07min #(1-4)
X105
4 542.1844
34
>
] 543.1872
14
] 539.1756 544.1902
o T T L T e T T T T T
539 540 541 542 543 544 545 546 mz

47



rel-(1R,3R)-1'-benzyl-6-((Z)-4-chlorobenzylidene)-3-(4-chlorophenyl)-2',5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3v): white solid, 45%, m.p. 222-224
°C; 'H NMR (400 MHz, CDCls) & 7.90 (d, J = 7.6 Hz, 1H, ArH), 7.49-7.41 (m, 5H, ArH), 7.37-
7.29 (m, 10H, ArH), 6.91 (d, J = 8.0 Hz, 1H, ArH), 6.62 (s, 1H, CH), 5.11 (d, J = 16.0 Hz, 1H, CHy),
5.07-5.03 (m, 1H, CH,), 4.88 (d, J = 16.0 Hz, 1H, CH>), 3.39 (t, J = 15.2 Hz, 1H, CH), 3.11-3.06
(m, 1H, CHy). *C NMR (100 MHz, CDCl3) § 195.6, 171.6, 143.1, 139.2, 135.9, 135.6, 134.1, 132.8,
131.9, 131.7, 131.3, 130.7, 130.3, 129.5, 129.0, 128.6, 128.1, 127.2, 126.5, 124.3, 122.6, 112.0,
111.9, 111.3, 60.1, 48.65, 44.7, 44.1, 42.2. IR (KBr) v: 3726, 3629, 3405, 3063, 2973, 2924, 2853,
2343, 1896, 1709, 1610, 1486, 1410, 1363, 1293, 1187, 1152, 1092, 1049, 1011, 953, 893, 826, 756,

734 cml; MS (m/z): HRMS (ESI) Calcd. for CssHasNaCIN3O, ([M+Na]*): 610.1065, found:

610.1054.
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rel-(1R,3R)-1'-benzyl-6-((Z)-4-bromobenzylidene)-3-(4-bromophenyl)-2*,5-

dioxospiro[cyclohexane-1,3'-indoline]-2,2-dicarbonitrile (3w): white solid, 50%, m.p. 221-223
°C; IH NMR (400 MHz, CDCls) & 7.80 (d, J = 7.2 Hz, 1H, ArH), 7.59 (d, J = 8.0 Hz, 2H, ArH),
7.45-7.40 (m, 5H, ArH), 7.33-7.28 (m, 6H, ArH), 7.21 (d, J = 8.0 Hz, 2H, ArH), 6.91 (d, J = 8.0 Hz,
1H, ArH), 6.60 (s, 1H, CH), 5.10 (d, J = 15.6 Hz, 1H, CH>), 5.06-5.01 (m, 1H, CH>), 4.88 (d, J =
16.0 Hz, 1H, CHy), 3.39 (t, J = 14.4 Hz, 1H, CH), 3.10-3.06 (m, 1H, CH>).:*C NMR (100 MHz,
CDCl3) 8 195.6, 171.5, 143.1, 139.3, 134.1, 133.4, 132.4, 132.3, 131.7, 131.5, 131.4, 130.9, 130.6,
129.1, 128.2, 127.2, 126.5, 124.3, 124.1, 123.9, 122.6, 112.0, 111.9, 111.3, 60.1, 48.5, 44.8, 44.0,
42.3. IR (KBr) v: 3727, 3632, 3404, 3063, 2971, 2928, 2344, 1896, 1709, 1610, 1483, 1409, 1361,

1292, 1186, 1152, 1118, 1069, 1005, 951, 893, 821, 753 cm*; MS (m/z): HRMS (ESI) Calcd. for

CssH23NaBraNsO: ([M+Na]*): 698.0055, found: 698.0007.
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Ethyl rel-(1S,2S,6R)-1"-benzyl-5'-chloro-3-((Z)-4-methylbenzylidene)-2*,5-dioxo-6-(p-
tolyl)spiro[cyclohexane-1,3'-indoline]-2-carboxylate (5a): white solid, 60%, m.p. 221-223 °C; *H
NMR (400 MHz, CDCls) & 7.67 (s, 1H, ArH), 7.29 (d, J = 7.6 Hz, 2H, ArH), 7.21-7.14 (m, 4H,
ArH), 7.07 (t, J = 7.6 Hz, 2H, ArH), 7.01 (d, J = 8.4 Hz, 1H, ArH), 6.91 (d, J = 8.0 Hz, 2H, ArH),
6.84 (d, J = 8.0 Hz, 2H, ArH), 6.77 (d, J = 7.6 Hz, 2H, ArH), 6.34 (d, J = 8.4 Hz, 1H, CH), 4.70 (d,
J=16.0 Hz, 1H, CHy), 4.57 (d, J = 15.6 Hz, 1H, CHy), 4.52-4.47 (m, 1H, CHy), 4.36-4.24 (m, 2H,
OCHy), 3.94 (s, 1H, CH), 3.80-3.72 (m, 1H, CH), 3.00-2.94 (m, 1H, CH5), 2.37 (s, 3H, CH3), 2.20
(s, 3H, CHa), 1.30 (t, J = 7.2 Hz, 3H, CHs). 3C NMR (100 MHz, CDCl3) § 200.0, 175.1, 170.6,
140.6, 139.0, 138.8, 136.8, 135.0, 134.8, 131.6, 131.2, 130.1, 129.8, 129.3, 129.0, 128.6, 128.5,
1275, 127.4, 127.1, 1245, 110.2, 61.8, 53.0, 50.7, 43.4, 42.5, 42.0, 21.4, 21.0, 14.1. IR (KBr) v:
3723, 3412, 2933, 2871, 2324, 1925, 1817, 1703, 1604, 1474, 1442, 1339, 1172, 1091, 1010, 904,
824, 716 cmt; MS (m/z): HRMS (ESI) Calcd. for C3sHz4CINaNO, ([M+Na]*): 626.2069, found:

626.2066.
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Ethyl rel-(1S,2S,6R)-1"-benzyl-5'-chloro-3-((Z)-4-methoxybenzylidene)-6-(4-methoxyphenyl)-
2' 5-dioxospiro[cyclohexane-1,3'-indoline]-2-carboxylate (5b): white solid, 57%, m.p. 231-233
°C; IH NMR (400 MHz, CDCl3) & 7.65 (s, 1H, ArH), 7.39 (d, J = 8.0 Hz, 2H, ArH), 7.20-7.14 (m,
2H, ArH), 7.09 (t, J = 7.2 Hz, 2H, ArH), 7.02 (d, J = 8.0 Hz, 1H, ArH), 6.94 (d, J = 8.0 Hz, 2H,
ArH), 6.87 (d, J = 8.4 Hz, 2H, ArH), 6.77 (d, J = 6.8 Hz, 2H, ArH), 6.56 (d, J = 8.0 Hz, 2H, ArH),
6.37 (d, J =8.0 Hz, 1H, CH), 4.70 (d, J = 15.6 Hz, 1H, CHy), 4.56 (d, J = 16.0 Hz, 1H, CH,), 4.51-
4.47 (m, 1H, CHy), 4.37-4.29 (m, 2H, OCHy), 3.96 (s, 1H, CH), 3.82 (s, 3H, OCHj3), 3.76-3.72 (m,
1H, CH), 3.69 (s, 3H, OCHs3), 2.99-2.94 (m, 1H, CH>), 1.31 (t, J = 7.2 Hz, 3H, CH3). 3C NMR (100
MHz, CDCls) 8 199.8, 175.1, 170.6, 160.2, 158.5, 140.6, 138.6, 134.8, 131.8, 130.3, 130.2, 129.9,
129.7, 128.6, 128.6, 127.6, 127.5, 127.1, 126.9, 124.5, 114.0, 113.5, 110.2, 61.9, 55.3, 55.0, 53.1,
50.6, 43.4, 42.0, 41.9, 14.2. IR (KBr) v: 3734, 3410, 2940, 2843, 2421, 1930, 1843, 1715, 1623,
1443, 1340, 1065, 1003, 876, 843, 721 cm*; MS (m/z): HRMS (ESI) Calcd. for C3sH34CINaNOg

([M+Na]*): 658.1967, found: 658.1973.
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Methyl rel-(1S,2S,6R)-1"-benzyl-5'-chloro-3-((Z)-4-methylbenzylidene)-2*,5-dioxo-6-(p-
tolyl)spiro[cyclohexane-1,3'-indoline]-2-carboxylate (5¢): white solid, 42%, m.p. 225-227 °C;
ratio of major/minor = 10:1, *H NMR (400 MHz, CDCls) § 7.66 (s, 1H, ArH), 7.27 (s, 1H, ArH),
7.20-7.12 (m, 4H, ArH), 7.09-7.05 (m, 3H, ArH), 7.01 (d, J = 8.4 Hz, 1H, ArH), 6.91 (d, J = 7.6 Hz,
2H, ArH), 6.84 (d, J = 7.6 Hz, 2H, ArH), 6.77 (d, J = 7.6 Hz, 2H, ArH), 6.32 (d, J = 8.4 Hz, 1H,
CH), 4.72 (d, J = 15.6 Hz, 1H, CH>), 4.55 (d, J = 16.0 Hz, 1H, CHy), 4.48-4.43 (m, 1H, CHy), 3.99
(s, 1H, CH), 3.82 (s, 3H, OCHBg), 3.78-3.73 (m, 1H, CH), 2.99-2.93 (m, 1H, CH>), 2.37 (s, 3H, CH3),
2.20 (s, 3H, CHj3). *3C NMR (100 MHz, CDCls) 6 200.0, 175.1, 171.1, 140.6, 139.1, 138.9, 136.9,
134.9, 134.8, 131.5, 131.0, 130.1, 129.8 129.4, 129.0, 128.6, 128.5, 127.6, 127.5, 127.1, 124.3,
110.3,53.0,52.4,50.7,43.4,42.5,42.0, 21.4, 21.0. IR (KBr) v: 3684, 3432, 2943, 2834, 2356, 1811,
1724, 1605, 1424, 1443, 1345, 1123, 1080, 904, 859, 746 cm™; MS (m/z): HRMS (ESI) Calcd. for

Ca7H3CINaNO, ([M+Na]*): 612.1912, found: 612.1893.
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Methyl rel-(1S,2S,6R)-1"-benzyl-5'-chloro-3-((Z)-4-isopropylbenzylidene)-6-(4-
isopropylphenyl)-2',5-dioxospiro[cyclohexane-1,3'-indoline]-2-carboxylate (5d): white solid,
58%, m.p. 226-228 °C; 'H NMR (400 MHz, CDCl3) & 7.67 (s, 1H, ArH), 7.31 (d, J = 8.0 Hz, 2H,
ArH), 7.21 (d, J = 8.0 Hz, 2H, ArH), 7.16 (t, J = 7.2 Hz, 1H, ArH), 7.09-7.05 (m, 3H, ArH), 7.01
(d, J = 8.4 Hz, 1H, ArH), 6.94 (d, J = 8.0 Hz, 2H, ArH), 6.89-6.84 (m, 4H, ArH), 6.35 (d, J = 8.0
Hz, 1H, CH), 4.74 (d, J = 15.6 Hz, 1H, CHy), 4.54 (d, J = 15.6 Hz, 1H, CHy), 4.47-4.42 (m, 1H,
CHy), 4.02 (s, 1H, CH), 3.82 (s, 3H, OCH3), 3.80-3.72 (m, 1H, CH), 3.00-2.96 (m, 1H, CH>), 2.94-
2.88 (m, 1H, CH), 2.78-2.71 (m, 1H, CH), 1.25 (d, J = 6.8 Hz, 6H, CH3), 1.14-1.12 (m, 6H, CHs).
13C NMR (100 MHz, CDCl3) 6 199.8, 175.2, 171.1, 149.9, 147.7, 140.6, 139.0, 135.3, 134.9, 131.8,
130.8, 130.2, 130.0, 128.6, 128.5, 127.5, 127.5, 127.1, 126.8, 126.2, 124.3, 110.1, 52.9, 52.4, 50.7,
43.5,42.6,42.0,33.9,33.4,23.8,23.7. IR (KBr) v: 3735, 3398, 2889, 2314, 1924, 1878, 1734, 1615,
1434, 1415, 1365, 1145, 1045, 904, 835, 745 cm?; MS (m/z): HRMS (ESI) Calcd. for

Ca1HaoCINaNO; ([M+Na]*): 668.2538, found: 668.2513.
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Ethyl rel-(1S,2S,6R)-1"-benzyl-3-((2)-4-methylbenzylidene)-2',5-dioxo-6-(p-
tolyl)spiro[cyclohexane-1,3'-indoline]-2-carboxylate (5e): white solid, 56%, m.p. 236-238 °C;
ratio of major/minor = 9:1, *H NMR (400 MHz, CDCls) & 7.65 (s, 1H, ArH), 7.29 (d, J = 7.6 Hz,
2H, ArH), 7.19-7.13 (m, 5H, ArH), 7.08 (d, J = 7.2 Hz, 1H, ArH), 7.03 (d, J = 8.0 Hz, 1H, ArH),
6.95 (d, J = 7.6 Hz, 1H, ArH), 6.90 (d, J = 7.6 Hz, 2H, ArH), 6.81-6.78 (m, 4H, ArH), 6.44 (d, J =
8.0 Hz, 1H, CH), 4.72 (d, J = 15.6 Hz, 1H, CHy), 4.57 (d, J = 15.6 Hz, 1H, CHy), 4.55-4.52 (m, 1H,
CHy), 4.39-4.31 (m, 1H, OCH,), 4.23-4.16 (m, 1H, OCH>), 3.96 (s, 1H, CH), 3.83-3.75 (1, 1H, CH),
2.99-2.93 (M, 1H, CHy), 2.36 (s, 3H, CHs), 2.18 (s, 3H, CHa), 1.27 (t, J = 7.2 Hz, 3H, CHa). 13C
NMR (100 MHz, CDCl3) 6 200.4, 175.6, 170.7, 142.1, 138.9, 138.4, 136.6, 135.4, 135.3, 131.7,
131.7, 129.8, 129.3, 128.7, 128.6, 128.5, 127.4, 127.2, 124.0, 121.9, 109.3, 61.6, 52.8, 50.9, 43.3,
42.6,42.1, 21.4, 21.0, 14.1. IR (KBr) v: 3710, 2987, 2925, 1893, 1795, 1670, 1600, 1463, 1370,
1308, 1175, 1105, 1028, 900, 816, 744 cm™; MS (m/z): HRMS (ESI) Calcd. for CssH3sNO4

([M+H]*): 570.2639, found: 570.2644.
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rel-(3R,3'R)-1,1""-dibenzyl-5"-chloro-5'-ethoxy-5-methyl-2,2"-dioxodispiro[indoline-3,2'-

furan-3',3""-indoline]-4'-carbonitrile (8a): white solid, 71%, m.p. 175-177 °C; *H NMR (400 MHz,
CDCls)  7.64 (s, 1H, ArH), 7.53 (s, 1H, ArH), 7.18-7.08 (m, 5H, ArH), 7.03 (t, J = 6.8 Hz, 3H,
ArH), 6.71 (d, J = 7.6 Hz, 2H, ArH), 6.54 (d, J = 7.2 Hz, 2H, ArH), 6.39 (d, J = 8.0 Hz, 1H, ArH),
6.34 (d, J = 8.4 Hz, 1H, ArH), 5.17 (d, J = 16.4 Hz, 1H, CHy), 5.07 (d, J = 16.0 Hz, 1H, CH,), 4.65
(0, J = 7.2 Hz, 2H, CHy), 4.35-4.30 (m, 2H, CHy), 2.12 (s, 3H, CH3), 1.54 (t, J = 7.2 Hz, 3H,
CH3).23C NMR (100 MHz, CDCls) § 174.0, 173.1, 170.9, 142.4, 141.5, 134.2, 134.2, 133.6, 132.2,
130.4, 129.2, 128.8, 128.7, 128.6, 127.7, 127.6, 127.4, 126.4, 126.0, 124.0, 120.7, 114.2, 110.4,
109.6, 89.0, 69.1, 62.8, 60.1, 43.9, 20.9, 14.7. IR (KBr) v: 3467, 3063, 3035, 2990, 2919, 2205,
1739, 1706, 1632, 1602, 1496, 1454, 1434, 1408, 1381, 1361, 1333, 1293, 1258, 1215, 1199, 1186,
1167, 1133, 1089, 1070, 1026, 997, 962, 933, 911, 895, 875, 836, 818, 776, 747 cm'; MS (m/z):

HRMS (ESI) Calcd. for CasH2sNaCINsO4 ([M+Na]*): 624.1666, found: 624.1660.
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rel-(3R,3'R)-1""-benzyl-5"'-chloro-5'-ethoxy-5-methyl-2,2"'-dioxodispiro[indoline-3,2'-furan-

3',3"-indoline]-4'-carbonitrile (8b): white solid, 70%, m.p. 140-142 °C; 'H NMR (400 MHz,
CDCls) & 7.57 (d, J = 2.0 Hz, 1H, ArH), 7.51 (s, 1H, NH), 7.31 (s, 1H, ArH), 7.19-7.13 (m, 2H,
ArH), 7.11-7.07 (m, 3H, ArH), 6.66 (d, J = 8.0 Hz, 1H, ArH), 6.57 (d, J = 7.2 Hz, 2H, ArH), 6.34
(d, J = 8.4 Hz, 1H, ArH), 5.21 (d, J = 16.0 Hz, 1H, CHy), 4.62 (q, J = 7.2 Hz, 2H, CH>), 4.30 (d, J
=16.4 Hz, 1H, CHy), 2.15 (s, 3H, CH3), 1.52 (t, J = 7.2 Hz, 3H, CH3).13C NMR (100 MHz, CDCls)
0 173.9,173.2, 172.7, 142.3, 139.1, 134.2, 133.7, 132.4, 130.5, 128.9, 128.9, 128.7, 127.5, 127.1,
126.1, 123.6, 120.9, 114.2, 110.6, 110.6, 89.1, 69.1, 62.5, 60.1, 43.9, 20.9, 14.7. IR (KBr) v: 3610,
3281, 3087, 3032, 3005, 2920, 2862, 2206, 1743, 1724, 1700, 1628, 1481, 1454, 1430, 1406, 1380,
1342, 1260, 1214, 1169, 1150, 1115, 1064, 1033, 999, 951, 928, 897, 824, 791, 765, 744, 722 cnv

1 MS (m/z): HRMS (ESI) Calcd. for C2gH22NaCIN3O4 ([M+Na]*): 534.1197, found: 534.1190.
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rel-(3R,3'R)-1,1""-dibenzyl-5,5"-dichloro-5'-ethoxy-2,2""-dioxodispiro[indoline-3,2'-furan-

3',3"-indoline]-4'-carbonitrile (8c): lilac solid, 57%, m.p. 168-170 °C; *H NMR (400 MHz, CDCls)
§ 7.75-7.74 (m, 1H, ArH), 7.62-7.61 (m, 1H, ArH), 7.19-7.08 (m, 8H, ArH), 6.70 (d, J = 7.2 Hz,
4H, ArH), 6.45-6.40 (m, 2H, ArH), 5.10 (t, J = 16.4 Hz, 2H, CH>), 4.65 (q, J = 6.8 Hz, 2H, CH)),
4.40 (d, J = 16.0 Hz, 1H, CHy), 4.31 (d, J = 15.6 Hz, 1H, CHy), 1.55 (t, J = 7.2 Hz, 3H, CH3).13C
NMR (100 MHz, CDCl3) 6 173.7, 172.9, 170.6, 142.4, 134.1, 133.7, 131.9, 130.6, 129.3, 129.3,
128.9, 128.8, 128.4, 127.9, 127.7, 127.6, 126.5, 126.4, 123.6, 122.4, 113.9, 110.8, 110.6, 110.0,
88.2,69.3,62.6,60.4,44.2,44.1,14.7. IR (KBr) v: 3108, 3061, 3034, 2993, 2928, 2868, 2208, 1895,
1816, 1729, 1644, 1609, 1484, 1428, 1413, 1377, 1357, 1334, 1250, 1217, 1177, 1151, 1121, 1079,
995, 946, 903, 826, 752 cm’; MS (m/z): HRMS (ESI) Calcd. for C3sH2sNaCloN3O4 ([M+Na]*):

644.1120, found: 644.1128.
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rel-(3R,3'R)-1,1""-dibenzyl-5""-chloro-5'-ethoxy-5-fluoro-2,2"-dioxodispiro[indoline-3,2'-

furan-3',3""-indoline]-4'-carbonitrile (8d): white solid, 56%, m.p. 137-139 °C; *H NMR (400
MHz, CDCl3) 6 7.64 (s, 1H, ArH), 7.50 (d, J = 7.2 Hz, 1H, ArH), 7.20-7.06 (m, 7H, ArH), 6.90 (t,
J =7.6 Hz, 1H, ArH), 6.70-6.67 (m, 4H, ArH), 6.44-6.40 (m, 2H, ArH), 5.09 (t, J = 15.2 Hz, 2H,
CHy), 4.65 (g, J = 6.8 Hz, 2H, CH>), 4.43 (d, J = 16.0 Hz, 1H, CH,), 4.29 (d, J = 15.6 Hz, 1H, CH,),
1.55 (t, J = 9.2 Hz, 3H, CH3).13C NMR (100 MHz, CDCls) § 173.7, 172.9, 170.8, 159.1 (d, J = 243.0
Hz), 142.4, 139.8, 134.0, 133.8, 130.6, 129.3, 128.9, 128.8, 127.8, 127.6, 126.5, 126.3, 123.7, 122.2
(d, J = 9.0 Hz), 118.4 (d, J = 24.0 Hz), 116.3 (d, J = 26.0 Hz), 113.9, 110.6, 110.5 (d, J = 8.0 Hz),
88.4, 69.3, 62.7, 60.3, 44.1, 14.7. IR (KBr) v: 3062, 3036, 2993, 2929, 2868, 2209, 1883, 1728,
1643, 1489, 1453, 1412, 1378, 1336, 1273, 1217, 1178, 1152, 1117, 1078, 998, 954, 925, 899, 879,
846, 828, 785, 763, 748, 700 cm't; MS (m/z): HRMS (ESI) Calcd. for C3sH2sNaCIFN3O4 ([M+Nal*):

628.1415, found: 628.1409.
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rel-(3R,3'R)-1,1""-dibenzyl-5"-chloro-5'-ethoxy-2,2""-dioxodispiro[indoline-3,2’-furan-3',3"'-

indoline]-4'-carbonitrile (8e): white solid, 54%, m.p. 170-172 °C; *H NMR (400 MHz, CDCls) &
7.72 (d, J=7.6 Hz, 1H, ArH), 7.63 (d, J = 1.2 Hz, 1H, ArH), 7.22 (d, J = 7.2 Hz, 1H, ArH), 7.18-
7.06 (m, 5H, ArH), 7.02 (t, J = 7.6 Hz, 2H, ArH), 6.96 (t, J = 7.6 Hz, 1H, ArH), 6.69 (d, J=7.6 Hz,,
2H, ArH), 6.55-6.50 (m, 3H, ArH), 6.33 (d, J = 8.0 Hz, 1H, ArH), 5.14-5.07 (m, 2H, CH>), 4.65 (q,
J=7.2Hz, 2H, CH»), 4.36 (d, J = 16.4 Hz, 1H, CH2), 4.31 (d, J = 15.6 Hz, 1H, CH), 1.55 (t, J =
4.8 Hz, 3H, CH3).13C NMR (100 MHz, CDCls) § 173.9, 173.1, 171.0, 144.0, 142.3, 134.1, 134.0,
132.0, 130.4, 129.2, 128.8, 128.7, 128.0, 127.8, 127.6, 127.4, 126.4, 126.3, 124.0, 123.64, 120.8,
114.1, 110.6, 109.8, 88.9, 69.1, 62.8, 60.1, 44.0, 43.9, 14.7. IR (KBr) v: 3063, 3034, 2986, 2936,
2207,1727,1641, 1611, 1484, 1467, 1429, 1412, 1378, 1336, 1251, 1213, 1178, 1150, 1112, 1079,
991, 942, 917, 904, 823, 769, 745 cm; MS (m/z): HRMS (ESI) Calcd. for CssHzsNaCIN3O4

([M+Na]*): 610.1510, found: 610.1491.
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rel-(3R,3'R)-1-benzyl-1"-butyl-5""-chloro-5'-ethoxy-5-methyl-2,2"'-dioxodispiro[indoline-3,2'-
furan-3',3""-indoline]-4'-carbonitrile (8f): white solid, 76%, m.p. 142-144 °C; *'H NMR (400 MHz,
CDCls) 8 7.62 (s, 1H, ArH), 7.52 (s, 1H, ArH), 7.24 (s, 1H, ArH), 7.20-7.18 (m, 3H, ArH), 6.97 (d,
J=7.6Hz, 1H, ArH), 6.77 (d, J = 6.4 Hz, 2H, ArH), 6.59 (d, J = 8.4 Hz, 1H, ArH), 6.33 (d, J = 8.0
Hz, 1H, ArH), 5.07 (d, J = 15.6 Hz,, 1H, CHy), 4.62 (q, J = 6.8 Hz, 2H, CHy), 4.27 (d, J = 15.6 Hz,
1H, CHy), 3.76-3.69 (m, 1H, CH>), 3.27-3.20 (m, 1H, CH,), 2.27 (s, 3H, CH3), 1.53 (t, J = 6.8 Hz,
3H, CHs), 1.30-1.20 (m, 2H, CHy), 1.04-0.97 (m, 2H, CHy), 0.77 (t, J = 7.2 Hz, 3H, CH3).3C NMR
(100 MHz, CDCl3) 6 173.7, 173.1, 170.9, 142.9, 141.4, 134.4, 132.9, 132.2, 130.3, 128.8, 128.5,
127.7,127.6, 126.6, 124.0, 120.4, 114.3, 109.4, 88.9, 69.0, 62.3, 60.1, 44.0, 40.2, 29.3, 21.0, 19.8,
14.7, 13.7. IR (KBr) v: 3664, 3434, 3068, 3035, 2959, 2933, 2871, 2741, 2202, 1952, 1885, 1724,
1659, 1635, 1607, 1494, 1430, 1408, 1379, 1336, 1261, 1210, 1168, 1147, 1107, 1072, 997, 951,
928, 897, 846, 819, 729 cm'*; MS (m/z): HRMS (ESI) Calcd. for Cs3H31CIN3O4 ([M+H]*): 568.2003,

found: 568.2000.

o0 ~len onon — o O on <t~ o0 00 o v Nl O W 00 N \O N o0 8
— D v \O 0 T Al e a) A NN — O\ o ol <t O\ Al 00 0 <+ =)
AL QN hen << AN A o N N~ NN e IS
o~ e~ O O O O O v <t <t tnen on N on o — —_—— 0 O O

Sl SN S e S S L s e

r T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

72



D DD S — Reli=JNo e} ~ ol
o O o N < S wneen o< < o N 0 o~ o o 0~ - -
&S A NG S o R S S NS o a e
o~ o~ o~ < < NN — O o0 ® oo on o (= N < on
— - — —— —_— o — 0 © © ° <+ < N —
~/~ ~| ~ 1 | | |~ Vo | I~
Bn
|
I
I
I I
[
I
I !
I |
1 H l” ‘ ‘ i |
I | | i
W ‘ Jl
: . . . . . . . . . . . . T . : . . . . . )
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Intens. | +MS, 0.36-0.37min #(21-22)
2500 568.2000
2000
1500
1000 7 569.2032 570.1981
500 ]
] 571.2026
0 T T T L T T T T
564 566 568 570 572 574 576 mz

73



rel-(3R,3'R)-1"-butyl-5""-chloro-5’-ethoxy-5-methyl-2,2"*-dioxodispiro[indoline-3,2'-furan-

3',3""-indoline]-4'-carbonitrile (8g): white solid, 73%, m.p. 189-191 °C; 'H NMR (400 MHz,
CDCls) § 7.98 (s, 1H, NH), 7.50 (d, J = 6.8 Hz, 2H, ArH), 7.18 (d, J = 7.6 Hz, 1H, ArH), 7.08 (d, J
= 6.8 Hz, 1H, ArH), 6.66-6.58 (m, 2H, ArH), 4.59-4.57 (m, 2H, CHy), 3.80-3.73 (m, 1H, CHy),
3.26-3.19 (M, 1H, CH>), 2.30 (s, 3H, CHs), 1.49 (t, J = 6.4 Hz, 3H, CH3), 1.31-1.25 (m, 2H, CH>),
1.00-0.97 (m, 2H, CHy), 0.80 (t, J = 6.4 Hz, 3H, CH3).23C NMR (100 MHz, CDCls) & 173.6, 173.1,
172.7, 142.8, 138.9, 132.9, 132.3, 130.4, 128.8, 128.5, 127.1, 123.8, 120.6, 114.2, 110.4, 109.5,
89.0, 69.0, 62.1, 60.0, 40.2, 29.4, 21.0, 19.8, 14.7, 13.7. IR (KBr) v: 3236, 3072, 2968, 2935, 2864,
2208, 1748, 1719, 1643, 1606, 1487, 1411, 1382, 1347, 1301, 1266, 1244, 1208, 1188, 1166, 1150,
1106, 1075, 1045, 1000, 951, 923, 900, 879, 844, 814, 794, 715 cm™*; MS (m/z): HRMS (ESI) Calcd.

for Co6H24NaCIN3O4 ([M+Na]*): 500.1353, found: 500.1357.
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rel-(3R,3'R)-1,1""-dibenzyl-5'-ethoxy-5"'-fluoro-5-methyl-2,2"*-dioxodispiro[indoline-3,2'-

furan-3',3""-indoline]-4'-carbonitrile (8h): white solid, 69%, m.p. 158-160 °C; *H NMR (400
MHz, CDCls) & 7.55 (s, 1H, ArH), 7.40 (dd, J; = 8.4 Hz, J, = 2.4 Hz, 1H, ArH), 7.17-7.11 (m, 2H,
ArH), 7.08-7.00 (m, 5H, ArH), 6.85-6.80 (m, 1H, ArH), 6.69 (d, J = 7.6 Hz, 2H, ArH), 6.54 (d, J =
7.2 Hz, 2H, ArH), 6.39 (d, J = 8.0 Hz, 1H, ArH), 6.36-6.33 (m, 1H, ArH), 5.20 (d, J = 16.4 Hz, 1H,
CHy), 5.04 (d, J = 16.0 Hz, 1H, CHy), 4.65 (g, J = 7.2 Hz, 2H, CH>), 4.33 (t, J = 15.6 Hz, 2H, CH>),
2.13 (s, 3H, CH3), 1.55 (t, J = 9.2 Hz, 3H, CH3).1*C NMR (100 MHz, CDCls) 5 174.2, 173.1, 170.9,
159.4 (d, J = 242.0 Hz), 141.4, 139.8, 134.3, 134.2, 133.6, 132.2, 128.7, 128.6, 127.5, 127.3, 126.4,
126.1, 123.9 (d, J = 9.0 Hz), 120.8, 116.9 (d, J = 23.0 Hz), 115.6 (d, J = 26.0 Hz), 114.3, 110.1 (d,
J=8.0Hz), 109.6, 89.0, 69.0, 63.0, 60.2, 44.0, 43.8, 20.9, 14.7. IR (KBr) v: 3064, 3033, 2989, 2918,
2208, 1723, 1633, 1491, 1453, 1411, 1378, 1337, 1281, 1261, 1224, 1167, 1131, 1079, 1027, 996,
965, 928, 888, 846, 819.63, 773, 732, 702 cm; MS (m/z): HRMS (ESI) Calcd. for C3sH2sNaFN304

(IM+Na]*): 608.1962, found: 608.1960.
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rel-(3R,3'R)-1,1"'-dibenzyl-5-chloro-5'-ethoxy-5"-fluoro-2,2"-dioxodispiro[indoline-3,2'-

furan-3',3""-indoline]-4'-carbonitrile (8i): white solid, 47%, m.p. 150-152 °C; 'H NMR (400 MHz,
CDCls) 7.76 (d, J = 2.0 Hz, 1H, ArH), 7.38 (dd, J; = 8.4 Hz, J, = 2.4 Hz, 1H, ArH), 7.18-7.14 (m,
3H, ArH), 7.11-7.07 (m, 4H, ArH), 6.89-6.84 (m, 1H, ArH), 6.69 (t, J = 7.6 Hz, 4H, ArH), 6.45-
6.42 (m, 1H, ArH), 6.40 (d, J = 8.8 Hz, 1H, ArH), 5.15 (d, J = 16.0 Hz, 1H, CH,), 5.03 (d, J = 16.0
Hz, 1H, CH), 4.65 (q, J = 7.2 Hz, 2H, CHy), 4.36 (t, J = 15.6 Hz, 2H, CH,), 1.54 (t, J = 4.4 Hz, 3H,
CH3).33C NMR (100 MHz, CDCls) & 173.9, 172.8, 170.6, 160.6, 158.2, 141.1 (d, J = 250.0
Hz),139.8, 134.2, 133.6, 131.7, 129.3, 128.8, 128.5, 127.8, 127.6, 126.4, 126.3, 123.5 (d, J = 8.0
Hz), 122.4,117.1 (d, J = 24.0 Hz), 115.6 (d, J = 26.0 Hz), 113.9, 110.8, 110.3 (d, J = 7.0 Hz), 88.3,
69.3, 62.9, 60.4, 44.2, 44.0, 14.7. IR (KBr) v: 3082, 3032, 2980, 2936, 2361, 2206, 1885, 1724,
1637, 1612, 1487, 1452, 1437, 1408, 1379, 1334, 1263, 1222, 1178, 1130, 1078, 1029, 994, 963,
922,902, 881, 841, 817, 746 cm'L; MS (m/z): HRMS (ESI) Calcd. for CasHasNaCIFNzO4 ([M+Na]*):

628.1415, found: 628.1416.
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rel-(3R,3'R)-1,1"'-dibenzyl-5'-ethoxy-5,5""-difluoro-2,2"*-dioxodispiro[indoline-3,2'-furan-

3',3""-indoline]-4'-carbonitrile (8j): white solid, 35%, m.p. 168-170 °C; 'H NMR (400 MHz,
CDCl3) 6 7.53 (dd, J1 = 8.0 Hz, J, = 2.4 Hz, 1H, ArH), 7.40 (dd, J1 = 8.4 Hz, J, = 2.8 Hz, 1H, ArH),
7.19-7.13 (m, 2H, ArH), 7.10-7.05 (m, 4H, ArH), 6.93-6.84 (m, 2H, ArH), 6.67 (d, J = 7.6 Hz, 4H,
ArH), 6.44-6.38 (m, 2H, ArH), 5.09 (t, J = 16.0 Hz, 2H, CH,), 4.65 (q, J = 6.8 Hz, 2H, CHy), 4.41
(d, J = 16.0 Hz, 1H, CHy), 4.32 (d, J = 16.0 Hz, 1H, CHy), 1.55 (t, J = 8.0 Hz, 3H, CHs).3C NMR
(100 MHz, CDCls3) 6 173.9, 172.9, 170.8, 159.4 (d, J = 242.0 Hz), 159.1 (d, J = 242.0 Hz), 139.7,
134.2, 133.7, 128.8, 128.7, 127.8, 127.6, 126.4, 126.3, 123.6 (d, J = 9.0 Hz), 122.4 (d, J = 9.0 Hz),
118.4 (d, J = 24.0 Hz), 117.1 (d, J = 23.0 Hz), 116.4 (d, J = 26.0 Hz), 115.7 (d, J = 26.0 Hz), 114.0,
110.5 (d, J = 8.0 Hz), 110.3 (d, J = 8.0 Hz), 88.4, 69.3, 62.9, 60.3, 44.1, 44.0, 14.7. IR (KBr) v:
3085, 3035, 2980, 2942, 2361, 2206, 1887, 1723, 1638, 1490, 1452, 1410, 1382, 1336, 1272, 1222,
1176, 1131, 1077, 1029, 997, 964, 930, 882, 846, 814, 776, 738, 701 cm; MS (m/z): HRMS (ESI)

Calcd. for CssHasNaF2N3O4 ([M+Na]*): 612.1711, found: 612.1698.
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rel-(3R,3'R)-1-benzyl-5'-ethoxy-1",5,5""-trimethyl-2,2"-dioxodispiro[indoline-3,2'-furan-
3',3"-indoline]-4'-carbonitrile (8k): white solid, 77%, m.p. 173-175 °C; *H NMR (400 MHz
CDCl3) 6 7.55 (s, 1H, ArH), 7.39 (s, 1H, ArH), 7.20-7.16 (m, 1H, ArH), 7.11 (t, J = 7.6 Hz, 3H

ArH), 6.95 (d, J = 8.0 Hz, 1H, ArH), 6.61 (d, J = 7.6 Hz, 2H, ArH), 6.56 (d, J = 8.0 Hz, 1H, ArH)

6.25 (d, J = 8.0 Hz, 1H, ArH), 5.15 (d, J = 16.0 Hz, 1H, CH>), 4.63 (q, J = 7.2 Hz, 2H, CH>), 4.20

(d, J = 16.4 Hz, 1H, CHy), 2.97 (s, 3H, CHs), 2.27 (s, 3H, CH3), 2.14 (s, 3H, CH3), 1.53 (t, J = 7.2

Hz, 3H, CH3). 3C NMR (100 MHz, CDCl3) 6 174.2, 173.1, 171.1, 142.2, 141.5, 134.4,133.3,132.9,

132.1, 130.6, 128.6, 128.0, 127.8, 127.4, 126.2, 121.9, 120.6, 114.7, 109.3, 108.2, 89.1, 68.8, 62.6,

60.2, 43.7, 26.3, 21.0, 20.9, 14.7. IR (KBr) v: 3467, 3063, 3035, 2990, 2919, 2205, 1739, 1706,

1632, 1602, 1496, 1454, 1434, 1408, 1381, 1361, 1333, 1293, 1258, 1215, 1199, 1186, 1167, 1133,

1089, 1070, 1026, 997, 962, 933, 911, 895, 875, 836, 818, 776, 747 cm*; MS (m/z): HRMS (ESI

Calcd. for Cs1H27NaN3O4 ([M+Na]*): 528.1899, found: 528.1896.
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rel-(3R,3'R)-1,1""-dibenzyl-5'-ethoxy-5-methyl-2,2"'-dioxodispiro[indoline-3,2'-furan-3*,3"-

indoline]-4'-carbonitrile (8l): white solid, 83%, m.p. 141-143 °C; *H NMR (400 MHz, CDCls) &
7.61(d, J = 7.6 Hz, 1H, ArH), 7.54 (s, 1H, ArH), 7.16-7.09 (m, 3H, ArH), 7.04-6.93 (m, 6H, ArH),
6.55 (d, J = 7.6 Hz, 4H, ArH), 6.44 (d, J = 8.0 Hz, 1H, ArH), 6.29 (d, J = 8.0 Hz, 1H, ArH), 5.20
(d, J = 16.0 Hz, 1H, CHy), 5.04 (d, J = 16.0 Hz, 1H, CH>), 4.65 (g, J = 6.8 Hz, 2H, CHy), 4.33 (d, J
= 16.0 Hz, 1H, CHy), 4.28 (d, J = 16.4 Hz, 1H, CHy), 2.10 (s, 3H, CHs) 1.54 (t, J = 6.8 Hz, 3H,
CHs3).23C NMR (100 MHz, CDCls3) § 174.5, 173.1, 171.2, 144.0, 141.4, 134.6, 134.2, 133.4, 132.0,
130.3, 128.7, 128.6, 128.5, 127.4, 127.2, 126.4, 126.0, 123.7, 122.2, 121.0, 114.5, 109.6, 109.5,
89.3,68.9, 62.9, 60.3, 43.8, 43.7, 20.9, 14.8.IR (KBr) v: 3675, 3032, 2984, 2920, 2859, 2361, 2206,
1724, 1637, 1496, 1467, 1438, 1408, 1376, 1335, 1214, 1166, 1094, 1077, 1053, 1029, 994, 927,
902, 874, 848, 816, 779, 760, 737, 700 cm; MS (m/z): HRMS (ESI) Calcd. for CasH2oNaN3z04

([M+Na]*): 590.2056, found: 590.2047.
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rel-(3R,3'R)-1"-benzyl-5'-ethoxy-1,5-dimethyl-2,2"'-dioxodispiro[indoline-3,2'-furan-3*,3"-

indoline]-4'-carbonitrile (8m): white solid, 62%, m.p. 174-175 °C; *H NMR (400 MHz, CDCls) &
7.57 (d, J = 7.6 Hz, 1H, ArH), 7.53 (s, 1H, ArH), 7.19-7.15 (m, 2H, ArH), 7.11-7.08 (m, 3H, ArH),
7.00 (t, J=8.0 Hz, 1H, ArH), 6.62 (d, J=7.2 Hz, 2H, ArH), 6.55 (d, J = 8.0 Hz, 1H, ArH), 6.40 (d,
J=7.6 Hz, 1H, ArH), 5.21 (d, J = 16.0 Hz, 1H, CHy), 4.62 (q, J = 6.8 Hz, 2H, CH,), 4.32 (d J =
16.0 Hz, 1H, CHy), 2.92 (s, 3H, CH3), 2.15 (s, 3H, CHs), 1.52 (t, J = 7.2 Hz, 3H, CH3).13C NMR
(100 MHz, CDCls) 6 174.4, 173.2, 171.2, 143.7, 142.1, 134.8, 133.4, 132.0, 130.3, 128.6, 128.4,
127.3,126.7,126.2,123.2,121.8, 120.9, 115.5, 109.4, 108.4, 89.1, 68.9, 62.5, 60.6, 43.8, 26.1, 20.9,
14.7. IR (KBr) v: 3057, 3029, 2987, 2964, 2927, 2360, 2204, 1955, 1731, 1650, 1609, 1499, 1465,
1410, 1380, 1343, 1293, 1242, 1214, 1179, 1136, 1097, 1063, 1006, 937, 906, 858, 815, 755, 739

cml; MS (m/z): HRMS (ESI) Calcd. for CaoHasNaNzO4 ([M+Na]*): 514.1743, found: 514.1744.
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