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Table S1 The single crystal date of compounds 3b, 5a, 5e

Phase 3b 5a 5e
Empirical formula Cs7H23N304 CssH22N203 CssH2sN203
Formula weight 573.58 518.54 560.62
Temperature/K 296(2) K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073 0.71073
Crystal system Orthorhombic Monoclinic Monoclinic
Space group Pbca P2(1) P2(1)
alA 17.4162(16) 10.5877(14) 9.7066(6)
b/A 11.9045(11) 12.8107(16) 12.5713(7)
c/A 34.111(3) 18.985(3) 23.8206(14)
() 90 90 90
B(°) 90 91.436(5) 100.881(2)
Y (°) 90 90 90
V(A% 7072.2(11) 2574.2(6) 2854.4(3)
YA 8 4 4
Calculated density (g €m™®) 1.077 1.338 1.305
Absorption coefficient (mm) 0.071 0.086 0.083
F(000) 2384 1080 1176

0 range / (°)

Limiting indices

Reflections collected/unique

Completeness to theta

Max. and min. transmission
Refinement method

Data/restraints/parameters
Goodness-of-fit on F?
Final R indices[I1>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
(e A?)

2.157 10 25.998
-21<=h<=18, -14<=k<=12, -

42<=I<=42

55584 /6945

[R(int) = 0.1433]

99.8 %

0.7456 and 0.6451

Full-matrix
least-squares on F~2
6945 /7 /399
1.023
R1 =0.0859, wR2 = 0.2212

R1=0.1964, wR2 =0.2761

0.279 and -0.164

2.146 10 25.992
-13<=h<=12, -13<=k<=15,

-23<=[|<=23

21391 / 5023
[R(int) = 0.0377]
99.2 %
0.7456 and 0.6747

Full-matrix

least-squares on F~2

5023/0/362
1.034

R1=0.0465, wR2 = 0.0943
R1=0.0820, wR2 = 0.1090

0.202 and -0.167

2.137 t0 25.998
-11<=h<=10, -15<=k<=15,

-28<=|<=29

27056 / 5589

[R(int) = 0.0436]
99.6 %

0.7455 and 0.6107
Full-matrix
least-squares on F/2
5589/0/391
1.026
R1=0.0469, wR2 = 0.1061
R1=0.0807, wR2 =0.1197

0.177 and -0.156
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Table S2 The single crystal date of compounds 7a, 7b, 7g

Phase 7a

7b 79
Empirical formula C3sH2004 CasH2005 C37H2404
Formula weight 504.51 520.51 532.56
Temperature/K 273(2) K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073 0.71073
Crystal system Triclinic Monoclinic Triclinic
Space group P-1 P2(1) P-1
alA 7.992(3) 8.5047(11) 8.2970(4)
b/A 8.725(3) 27.831(4) 12.8462(7)
c/A 17.432(6) 10.6483(15) 13.7948(7)
a(®) 87.327(11) 90 114.9926(16)
B(°) 79.388(12) 107.629(4) 100.881(2)
7(°) 89.684(11) 90 93.9003(16)
V(A% 1193.4(8) 2402.1(6) 100.7507(18)
V4 2 4 2
Calculated density (g €m™®) 1.404 1.439 1.370
Absorption coefficient (mm) 0.091 0.096 0.088
F(000) 524 1080 556
6 range / (°) 2.573 t0 24.997 2.136 t0 25.998

-9<=h<=9, -10<=k<=10,
Limiting indices

0<=1<=20
] ) 3142 /3142
Reflections collected/unique
[R(int) = 7]
Completeness to theta 89.8 %
Max. and min. transmission 0.982 and 0.978
Full-matrix

Refinement method
least-squares on F~2

Data/restraints/parameters 3142 /1/ 354

Goodness-of-fit on F? 0.984
Final R indices[I1>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
(e A?)

R1=0.1546,wR2 = 0.1271

0.278 and -0.229

R1=0.0651, wR2 = 0.1094

2.533 t0 25.999

-10<=h<=10, -28<=k<=34, -9<=h<=10, -15<=k<=15, -

-13<=I<=12 17<=I<=16

23093 /4711 18439 /5053

[R(int) = 0.1165] [R(int) = 0.0424]

99.8 % 99.7 %
0.7456 and 0.6772 0.7456 and 0.6842
Full-matrix Full-matrix

least-squares on F~2 least-squares on F*2

4711/0/363
1.010

5053/0/373
1.021

R1=0.0659, wR2 =0.1091 R1=0.0512, wR2=0.1148

R1=0.1941, wR2 =0.1460 R1=0.0936, wR2 = 0.1336

0.237 and -0.175 0.251 and -0.181
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Table S3 The single crystal date of compounds 7h, 8a, 8b

Phase 7h 8a 8b
Empirical formula C3sH2604 Ca215NOs CasH27NOs
Formula weight 546.59 623.63 637.65
Temperature/K 296(2) K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073 0.71073
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2(1)/c P2(1) P2(1)
alA 18.978(2) 12.9685(9) 13.3642(11)
b/A 12.4830(13) 13.8484(11) 14.9517(12)
c/A 11.7028(12) 20.7097(16) 20.5922(15)
() 90 90 90
B(°) 94.907(3) 93.367(2) 90.279(2)
Y (°) 90 90 90
V(A% 2762.2(5) 3712.9(5) 4114.6(6)
Z 4 4 4
Calculated density (g €m™®) 1.314 1.116 1.029
Absorption coefficient (mm) 0.084 0.073 0.067
F(000) 1144 1296 1328
6 range / (°) 2.154 t0 25.999 1.970 to 25.997 2.044 t0 26.000

Limiting indices

Reflections collected/unique

Completeness to theta

Max. and min. transmission
Refinement method

Data/restraints/parameters
Goodness-of-fit on F?
Final R indices[I1>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
(e A?)

-20<=h<=23, -15<=k<=15, -

14<=1<=13

22520/ 5377

[R(int) = 0.0858]
99.0 %
0.7456 and 0.6101
Full-matrix
least-squares on F/2
5377 /84 /414
1.006
R1 =0.0588, wR2 = 0,1190
R1=0.1616, wR2 = 0.1569

0.187 and -0.222

-15<=h<=15, -14<=k<=17,

-25<=|<=23

34303 /7270

[R(int) = 0.0692]
99.8 %
0.7456 and 0.6399
Full-matrix
least-squares on F/2
7270/0/433
1.034
R1 =0.0595, wR2 =
R1=0.1350, wR2 =

0.159 and -0.211

-16<=h<=16, -18<=k<=186,

-25<=|<=24

33607 / 8083

[R(int) = 0.1086]
99.6 %

0.7456 and 0.6410
Full-matrix
least-squares on F/2
8083 /0/443
0.975
R1=0.0622, wR2 = 0.1425
R1=0.1722, wR2 = 0.1831

0.174 and -0.154
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Experimental section

1. General procedure for the reactions of bindone and isatylidene malononitriles: A mixture of
bindane (1.0 mmol), isatylidene malononitrile (1.0 mmol) and triethylamine (2.0 mmol) in dry
dichloromethane (20.0 mL) was stirred at room temperature for twelve hours. After removing the
solvent, the residue was recrystallized in alcohol to give the pure product 3a-3j for analysis.
3'-amino-1"-benzyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-fluorene-1",3"'-
indoline]-2'-carbonitrile (3a): yellow solid, 0.514 g, 92%, m.p. 292-294 °C; 'H NMR (400 MHz,
DMSO-d) 8: 8.38-8.25 (m, 4H), 7.55 (d, J = 7.6 Hz, 2H), 7.45 (d, J = 7.2 Hz, 1H), 7.39-7.10 (m,
8H), 6.92 (d, J = 8.0 Hz, 1H), 6.54 (s, 2H), 5.94 (d, J = 7.2 Hz, 1H), 5.08 (d, J = 16.0 Hz, 1H), 5.03
(d, J = 16.0 Hz, 1H); BC{1H} NMR (100 MHz, DMSO-ds) &: 195.5, 195.3, 191.8, 174.8, 152.0,
150.1, 143.7, 143.4, 142.4, 140.1, 139.0, 138.8, 136.2, 135.2, 133.2, 130.7, 130.5, 129.9, 128.9,
127.8, 127.7, 125.9, 125.6, 124.0, 123.6, 120.6, 117.2, 110.3, 77.6, 61.6, 49.8, 44.1; HRMS (ESI-
TOF) Calcd. For CssH22N304 ([M+H]*): 560.1605, found: 560.1618.
3'-amino-1"-benzyl-5"-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carbonitrile (3b): yellow solid, 0.532 g, 93%, m.p. 291-293 °C; H
NMR (400 MHz, DMSO-ds) 8: 8.37-8.27 (m, 4H), 7.54 (d, J = 6.8 Hz, 2H), 7.38-7.30 (m, 5H), 7.24
(t, J = 8.0 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.52
(s,2H), 5.94 (d, J =7.2 Hz, 1H), 5.05 (d, J = 16.0 Hz, 1H), 5.00 (d, J = 16.0 Hz, 1H), 2.27 (s, 3H);
BC{1H} NMR (100 MHz, DMSO-dg) &: 195.5, 195.3, 191.8, 174.67, 151.8, 150.0, 143.7, 142.3,
141.0, 140.1, 139.0, 138.8, 136.3, 135.2, 133.2, 132.6, 130.7, 130.6, 130.0, 129.9, 128.9, 127.8,
127.6, 125.9, 125.6, 124.5, 124.0, 120.6, 117.2, 110.1, 77.8, 61.6, 49.8, 44.1, 21.2; HRMS (ESI-
TOF) Calcd. For Cs7H24N304 ([M+H]*"): 574.1761, found: 574.1771.
3'-amino-1"-benzyl-5"-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4"-
fluorene-1",3"-indoline]-2'-carbonitrile (3c): yellow solid, 0.539 g, 91%, m.p. 293-295 °C; H
NMR (400 MHz, DMSO-ds) 5: 8.38-8.26 (m, 4H), 7.55-7.47 (m, 3H), 7.40-7.29 (m, 5H), 7.25 (t, J
=7.6 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 7.6 Hz, 1H), 6.68 (s, 2H), 5.97 (d, J = 7.2 Hz,
1H), 5.09 (d, J = 16.0 Hz, 1H), 5.05 (d, J = 16.0 Hz, 1H); 33C{1H} NMR (100 MHz, DMSO-ds)
195.3, 195.2, 191.7, 174.5, 152.4, 150.6, 143.8, 142.3, 142.2, 139.9, 139.2, 138.8, 135.9, 135.3,
132.6, 132.5, 130.8, 129.9, 129.8, 129.0, 127.9, 127.7, 127.6, 126.0, 125.7, 124.2, 124.1, 120.8,

117.0, 112.0, 76.6, 61.6, 49.8, 44.1; HRMS (ESI-TOF) Calcd. For CssH2:CINsOs ([M+H]*):
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594.1215, found: 594.1214.
3'-amino-1""-benzyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carbonitrile (3d): yellow solid, 0.553 g, 96%, m.p. 233-235 °C; H
NMR (400 MHz, DMSO-ds) 8: 8.39-8.25 (m, 4H), 7.55 (d, J = 7.2 Hz, 2H), 7.40-7.15 (m, 8H), 6.94
(s, 1H), 6.65 (s, 2H), 5.97 (d, J = 7.2 Hz, 1H), 5.09 (d, J = 16.0 Hz, 1H), 5.04 (d, J = 16.0 Hz, 1H);
BC{1H} NMR (100 MHz, DMSO-d¢) &: 195.3, 195.2, 191.6, 174.7, 159.9 (d, J = 238.4 Hz), 152.3,
150.5, 143.8, 142.2, 139.9, 139.6, 139.0 (d, J = 30,5 Hz), 136.0, 135.2, 132.6, 132.4, 132.3, 130.8,
129.8, 128.9, 127.9, 127.7, 126.0, 125.7, 124.2, 120.8, 117.0, 116.3 (d, J = 23.6 Hz), 111.8, 111.4
(d, J = 8.0 Hz), 76.8, 61.6, 56.5, 50.0, 44.2, 19.0; HRMS (ESI-TOF) Calcd. For CssH21FN3O4
([M+H]*): 578.1511, found: 578.1519.
3'-amino-1"-butyl-5""-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carbonitrile (3e): yellow solid, 0.495 g, 92%, m.p. 288-290 °C; H
NMR (400 MHz, DMSO-ds) &: 8.36-8.26 (m, 4H), 7.30 (d, J = 7.2 Hz, 1H), 7.24-7.14 (m, 4H), 7.08
(d, J = 8.0 Hz, 1H), 6.45 (s, 2H), 5.91 (d, J = 7.6 Hz, 1H), 3.78-3.74 (m, 2H), 2.30 (s, 3H), 1.71-
1.64 (m, 2H), 1.48-1.42 (m, 2H), 0.94 (t, J = 7.6 Hz, 3H); 3C{1H} NMR (100 MHz, DMSO-ds) §:
195.6, 195.4, 191.7, 174.2, 151.6, 149.7, 143.6, 142.3, 141.4, 140.1, 138.9, 138.7, 135.1, 133.4,
132.1, 130.6, 130.5, 130.1, 129.9, 125.9, 125.5, 1245, 123.9, 120.5, 117.0, 109.5, 77.9, 61.5, 49.6,
29.4, 21.2, 19.9, 14.2; HRMS (ESI-TOF) Calcd. For CzsH2sN304 ([M+H]*): 540.1918, found:
540.1934.
3'-amino-1"-butyl-5"-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carbonitrile (3f): yellow solid, 0.503 g, 90%, m.p. 210-212 °C; H
NMR (400 MHz, DMSO-dg) 8: 8.38-8.25 (m, 4H), 7.47-7.45 (m, 2H), 7.33 (d, J = 7.2 Hz, 1H),
7.29-7.15 (m, 3H), 6.62 (s, 2H), 5.95 (d, J = 7.2 Hz, 1H), 3.84-3.77 (m, 2H), 1.72-1.64 (m, 2H),
1.50-1.40 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H); 3C{1H} NMR (100 MHz, DMSO-ds) : 195.3, 195.2,
191.6, 174.1, 152.2, 150.2, 143.8, 142.8, 142.2, 139.9, 139.1, 138.8, 135.2, 132.6, 132.6, 130.8,
129.8, 127.2, 125.9, 125.7, 124.1, 124.0, 120.7, 116.8, 111.5, 76.7, 61.6, 49.6, 29.4, 19.9, 14.1;
HRMS (ESI-TOF) Calcd. For Cs3H23CIN3O4 ([M+H]*): 560.1372, found: 560.1381.
3'-amino-1"-butyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carbonitrile (3g): yellow solid, 0.472 g, 87%, m.p. 280-282 °C; H

NMR (400 MHz, DMSO-dg) &: 8.38-8.24 (m, 4H), 7.32 (d, J = 7.2 Hz, 1H), 7.28-7.21 (m, 4H), 7.17
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(t, J = 7.2 Hz, 1H), 6.58 (s, 2H), 5.95 (d, J = 7.6 Hz, 1H), 3.82-3.78 (m, 2H), 1.72-1.65 (m, 2H),
1.50-1.41 (m, 2H), 0.95 (t, J = 7.6 Hz, 3H); 3C{1H} NMR (100 MHz, DMSO-d¢) 6: 195.4, 195.3,
191.5, 174.2, 159.1 (d, J = 237.6 Hz), 152.1, 150.2, 143.7, 142.1, 140.0, 139.9, 138.9 (d, J = 30.3
Hz), 135.1, 132.7, 132.4, 132.3, 130.7, 129.8, 125.9, 125.7 (d, J = 32.5 Hz), 120.7, 116.8, 116.3 (d,
J =228 Hz), 111.6, 111.4, 110.9 (d, J = 7.6 Hz), 76.9, 61.5, 49.8, 29.4, 19.9, 14.2.; HRMS (ESI-
TOF) Calcd. For CasH23FN3O4 ([M+H]*): 544.1667, found: 544.1682.

Ethyl 3'-amino-1"-benzyl-5""-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carboxylate (3h): purple solid, 0.527 g, 85%, m.p. 281-283 °C; H
NMR (400 MHz, DMSO-ds) &: 8.40-8.29 (m, 4H), 7.65 (d, J = 7.2 Hz, 2H), 7.49 (s, 1H), 7.41 (t, J
= 6.0 Hz, 2H), 7.33-7.28 (m, 3H), 7.22-7.12 (m, 3H), 7.01 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 7.6 Hz,
1H, NH), 5.90 (d, J = 7.2 Hz, 1H, NH), 5.03 (d, J = 15.6 Hz, 1H), 4.84 (d, J = 15.6 Hz, 1H), 3.82-
3.77 (m, 1H), 3.46-3.42 (m, 1H), 2.23 (s, 3H), 0.53 (t, J = 7.2 Hz, 3H); *C{1H} NMR (100 MHz,
DMSO-ds) 6: 196.3, 195.9, 191.9, 176.9, 167.9, 153.3, 147.8, 143.6, 142.7, 1425, 139.9, 139.1,
138.9, 137.2, 134.9, 133.2, 131.2, 130.3, 129.8, 128.8, 128.7, 128.7, 127.8, 125.8, 125.6, 123.7,
123.6, 120.2, 109.0, 94.3, 62.3, 59.5, 49.8, 46.2, 21.2, 13.9, 9.1; HRMS (ESI-TOF) Calcd. For
CaoH2sN2NaOg ([M+Na]*): 643.1840, found: 643.1842.

Ethyl 3'-amino-1"-benzyl-5"-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carboxylate (3i): purple solid, 0.524 g, 82%, m.p. 234-236 °C; 'H
NMR (400 MHz, DMSO-ds) &: 8.80 (d, J = 7.2 Hz, 1H), 8.42 (s, 1H), 7.57-7.55 (m, 2H), 7.48 (t, J
= 7.6 Hz, 1H), 7.34-7.28 (m, 2H), 7.22-7.04 (m, 5H), 6.92 (t, J = 7.6 Hz, 2H), 6.67 (d, J = 8.4 Hz,
1H), 6.35 (d, J = 7.2 Hz, 1H), 6.34 (s, 2H), 4.80 (d, J = 16.0 Hz, 1H), 4.40 (d, J = 16.0 Hz, 1H),
3.92-3.86 (m, 1H), 3.67-3.62 (m, 1H), 0.65 (t, J = 7.2 Hz, 3H); **C{1H} NMR (100 MHz, DMSO-
de) 6: 183.7, 180.7, 168.9, 167.8, 166.9, 151.5, 145.3, 142.4, 142.1, 140.0, 138.7, 135.9, 130.5,
130.1, 130.0, 128.7, 127.2, 126.3, 125.6, 125.2, 125.1, 124.0, 121.9, 118.7, 111.5, 110.1, 99.1, 68.5,
59.4,58.8, 46.2, 13.9, 9.1; HRMS (ESI-TOF) Calcd. For CagH26CIN2Og ([M+H]*): 641.1474, found:
641.1485.

Ethyl 3'-amino-1'"-benzyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-
fluorene-1',3"-indoline]-2'-carboxylate (3j): purple solid, 0.549 g, 88%, m.p. 230-232 °C; H
NMR (400 MHz, DMSO-dg) 8: 8.80 (d, J = 7.2 Hz, 1H), 8.40 (s, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.47

(t, J = 7.2 Hz, 1H), 7.35-7.27 (m, 2H), 7.22-7.03 (m, 6H), 6.92 (t, J = 7.6 Hz, 2H), 6.65-6.62 (m,

S10



1H), 6.37 (s, 2H), 6.36 (d, J = 7.6 Hz, 1H), 4.80 (d, J = 16.0 Hz, 1H), 4.39 (d, J = 16.0 Hz, 1H),
3.92-3.86 (m, 1H), 3.64-3.60 (m, 1H), 0.64 (t, J = 7.2 Hz, 3H); *C{1H} NMR (100 MHz, DMSO-
de) 6: 183.7, 180.7, 169.1, 167.9, 166.9, 157.8 (d, J = 234.9 Hz), 151.4, 145.3, 142.5, 140.1, 139.4,
138.8,136.1,130.3 (d, J=24.9 Hz), 130.1,129.9,128.6,127.1,126.3,125.1,124.1,121.9, 118.6,
115.0 (d, J = 22.7 Hz), 114.9, 113.1 (d, J = 23.7 Hz), 111.5, 99.2, 68.5, 60.1, 59.3, 58.9, 46.2, 13.9,
9.1; HRMS (ESI-TOF) Calcd. For CssH2sFN2NaOs ([M+H]*): 647.1589, found: 647.1585.

2. General procedure for the reactions of bindone and 4-arylidene-pyrazol-3-ones: A mixture
of bindone (1.0 mmol), 4-arylidene-pyrazol-3-one (1.0 mmol), and DABCO (2.0 mmol) in DCM
(20 mL) was stirred at room temperature for 24 hours. After removing the solvent by rotatory
evaporating at reduced pressure, the resulting residue was purified by column chromatography on
silica gel with ethyl acetate and petroleum ether (1:4) as eluent to afford the desired products 5a-5j.
3'-methyl-1',6-diphenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-5',7,12(1'H,4bH)-
trione (5a): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow solid, 0.383 g, 74%,
m.p. 264-266 ‘C; 'H NMR (400 MHz, CDClIs) 6: major isomer: 9.55 (d, J = 8.0 Hz, 1H), 8.01 (d,
J=6.0 Hz, 1H), 7.87 (t, J = 7.6 Hz, 2H), 7.67 (t, J = 7.6 Hz, 1H), 7.58 (t, J = 8.0 Hz, 2H), 7.54-7.53
(m, 2H), 7.38 (t, J= 7.6 Hz, 6H), 7.25-7.16 (m, 3H), 5.15 (s, 1H), 1.76 (s, 3H); ratio of major/minor
=15:1; 3C{1H} NMR (100 MHz, CDCls) §: 189.7, 187.1, 173.3, 161.4, 157.2, 145.9, 145.2, 140.6,
140.3, 140.2, 139.3, 138.9, 137.3, 137.0, 135.8, 135.7, 135.5, 134.9, 134.0, 133.4, 132.5, 132.3,
130.0, 129.8, 129.3, 129.3, 129.2, 129.1, 129.0, 128.8, 128.7, 128.1, 126.3, 126.0, 125.7, 124.9,
124.7,124 .5, 123.9, 123.7, 119.5, 119.4, 65.1, 45.7, 43.8, 15.5, 15.0; MS (m/z): HRMS (ESI-TOF)
Calcd. For CasHzN2NaOs ([M+Na]*): 541.1523, found: 541.1525.
3'-methyl-1'-phenyl-6-(p-tolyl)-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5b): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow
solid, 0.414 g, 78%, m.p. 240-242 °C; *H NMR (400 MHz, CDCls) 6: major isomer: 9.54 (d, J
= 8.0 Hz, 1H), 8.01-7.99 (m, 1H), 7.88-7.85 (m, 2H), 7.68-7.63 (m, 3H), 7.54-7.51 (m, 2H), 7.40
(t, J = 8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 7.17 (s, 5H), 5.13 (s, 1H), 2.34 (s, 3H), 1.76 (s, 3H);
ratio of major/minor = 14:1; C{1H} NMR (100 MHz, CDCls) ¢: 189.7, 188.1, 187.0, 173.5,
157.6, 155.6, 146.6, 146.3, 145.2, 144.3, 140.4, 140.2, 140.1, 139.3, 137.6, 137.1, 135.7, 135.6,

135.4,134.9, 133.8, 132.5, 132.2, 130.6, 129.3, 129.1, 129.0, 128.9, 128.8, 126.1, 125.9, 125.6,
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124.7,124.6, 123.9, 123.7, 119.5, 119.4, 65.2, 47.1, 46.0, 43.8, 21.5, 21.4, 15.6, 15.0; MS (m/z):
HRMS (ESI-TOF) Calcd. For CasH2sN2NaOs ([M+Na]*): 555.1679, found: 555.1682.
6-(4-methoxyphenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5c): ethyl acetate and petroleum ether (v/iv=1:4) as the eluent, yellow
solid, 0.438 g, 80%, m.p. 268-270 “C; *H NMR (400 MHz, CDCls) 6: major isomer: 9.55 (d, J
= 8.0 Hz, 1H), 8.01-7.99 (m, 1H), 7.86 (t, J = 8.0 Hz, 2H), 7.67 (d, J = 8.0 Hz, 3H), 7.53-7.51 (m,
2H), 7.41 (t, J = 8.0 Hz, 2H), 7.27 (s, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.18-7.17 (m, 1H), 6,88 (d, J =
8.4 Hz, 2H), 5.12 (s, 1H), 3.81 (s, 3H), 1.75 (s, 3H); ratio of major/minor = 13:1; 3C{1H} NMR
(100 MHz, CDCls) ¢: 189.7, 189.3, 187.3, 187.0, 173.6, 168.0, 162.0, 161.1, 161.0, 158.0, 146.6,
146.2, 145.1, 144.2, 141.2, 140.5, 140.4, 140.0, 139.2, 138.9, 138.8, 138.0, 137.0, 135.7, 135.5,
135.4, 134.8, 133.6, 133.3, 132.5, 132.2, 129.3, 129.2, 129.1, 129.0, 128.8, 126.0, 125.9, 125.8,
125.6, 125.5, 124.8, 124.7, 124.6, 124.0, 123.9, 123.6, 119.5, 119.3, 113.6, 113.4, 65.1, 63.8, 55.2,
55.2, 46.2, 43.9, 15.6, 15.0; MS (m/z): HRMS (ESI-TOF) Calcd. For CssH24N2NaO4 ([M+Na]*):
571.1628, found: 571.1631.
6-(3-methoxyphenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5d): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow
solid, 0.471 g, 86%, m.p. 245-247 “C; 'H NMR (400 MHz, CDCls) 6: major isomer: 9.54 (d, J
= 8.0 Hz, 1H), 8.01-7.99 (m, 1H), 7.88-7.85 (m, 2H), 7.68 (d, J = 7.2 Hz, 1H), 7.63 (d, J = 8.0 Hz,
2H), 7.55-7.52 (m, 2H), 7.39 (t, J = 8.0 Hz, 2H), 7.32-7.28 (m, 1H), 7.25-7.22 (m, 2H), 7.17 (d, J =
7.6 Hz, 1H), 6.93-6.91 (m, 1H), 6,83 (s, 1H), 5.13 (s, 1H), 3.73 (s, 3H), 1.75 (s, 3H); minor isomer:
9.55 (d, J = 8.0 Hz, 1H), 7.96 (s, 1H), 7.82 (d, J = 7.6 Hz, 2H), 7.65 (s, 2H), 7.58 (s, 1H), 7.55 (s,
1H), 7.50 (s, 1H), 6.99-6.96 (m, 2H), 4.86 (s, 1H), 3.62 (s, 3H), 2.17 (s, 3H); ratio of major/minor
=10:1; *C{1H} NMR (100 MHz, CDCls) §: 189.7, 186.9, 173.2, 159.1, 157.3, 145.6, 145.1, 140.3,
140.2, 139.2, 137.3, 137.0, 135.8, 135.5, 134.6, 134.0, 132.5, 129.3, 129.1, 129.0, 126.3, 125.9,
124.7,124.5,123.9, 119.4, 119.2, 115.8, 65.0, 55.2, 45.8, 15.6; MS (m/z): HRMS (ESI-TOF) Calcd.
For CssH24N2NaO4 ([M+Na]*): 571.1628, found: 571.1631.
6-(4-isopropylphenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5'7,12(1'H,4bH)-trione (5¢): ethyl acetate and petroleum ether (v/iv=1:4) as the eluent, yellow
solid, 0.397 g, 71%, m.p. 241-243 °C; *H NMR (400 MHz, CDCls) 6: major isomer: 9.54 (d, J

= 8.4 Hz, 1H), 8.01-8.00 (m, 1H), 7.88-7.85 (M, 2H), 7.68-7.51 (m, 6H), 7.38 (t, J = 7.6 Hz, 2H),
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7.25-7.21 (m, 5H), 5.13 (s, 1H), 2.96-2.86 (m, 1H), 1.75 (s, 3H), 1.22 (s, 3H), 1.20 (s, 3H); minor
isomer: 9.56 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.82 (d, J = 7.2 Hz, 2H), 7.46 (t, J = 7.6
Hz, 3H), 7.32 (t, J = 7.6 Hz, 3H), 7.15 (d, J = 7.6 Hz, 2H), 4.85 (s, 1H), 2.09 (s, 3H), 1.29 (s, 3H),
1.28 (s, 3H); ratio of major/minor = 4:1; 3C{1H} NMR (100 MHz, CDCls) §: 189.7, 187.1, 173.4,
157.4, 151.2, 150.7, 146.5, 145.2, 140.4, 140.2, 139.2, 137.5, 136.9, 135.7, 135.6, 135.4, 134.8,
133.6, 132.5, 132.2, 130.8, 129.2, 129.1, 128.9, 128.8, 126.2, 126.1, 126.0, 125.6, 124.7, 124.6,
123.9, 123.6, 119.8, 119.4, 65.1, 45.6, 43.9, 33.9, 23.8, 23.6, 15.5, 15.0; MS (m/z): HRMS (ESI-
TOF) Calcd. For CsgH2sN2NaO3 ([M+Na]*): 583.1992, found: 583.1992.
6-(4-(tert-butyl)phenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5f): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow solid,
0.436 g, 76%, m.p. 259-261 ‘C; *"H NMR (400 MHz, CDCl3) 6: major isomer: 9.55 (d, J = 8.0
Hz, 1H), 8.02-7.99 (m, 1H), 7.89-7.85 (m, 2H), 7.67 (t, J = 7.2 Hz, 1H), 7.55-7.53 (m, 2H), 7.48 (t,
J=8.0Hz, 2H), 7.38-7.35 (m, 4H), 7.24-7.18 (m, 4H), 5.13 (s, 1H), 1.75 (s, 3H), 1.28 (5, 9H, 3CH3);
minor isomer: 9.56 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.83-7.81 (m, 1H), 7.63-7.57 (m,
5H), 7.31 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.8 Hz, 1H), 4.85 (s, 1H), 2.09 (s, 3H), 1.34 (s, 9H, 3CH3);
ratio of major/minor =9:1; 1*C{1H} NMR (100 MHz, CDCls) §: 189.7,187.2, 173.4, 157.4,152.9,
146.5, 145.3, 140.4, 140.2, 139.2, 137.4, 136.9, 135.7, 135.4, 133.6, 132.5, 130.5, 129.2, 129.1,
128.9,126.1,126.0,125.0, 124.7,124.6,123.9, 119.9, 65.1, 45.5, 34.7, 31.1, 15.5; MS (m/z): HRMS
(ESI-TOF) Calcd. For CagHz1N203 ([M+H]*): 575.2329, found: 575.2331.
6-(4-chlorophenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5g): ethyl acetate and petroleum ether (v/iv=1:4) as the eluent, yellow
solid, 0.463 g, 84%, m.p. 277-279 °C; 'H NMR (400 MHz, CDCls) 6: major isomer: 9.53 (d, J
= 8.0 Hz, 1H), 7.89-7.81 (m, 3H), 7.68 (t, J = 7.6 Hz, 1H), 7.64-7.62 (m, 2H), 7.58-7.53 (m, 2H),
7.44-7.28 (m, 6H), 7.18-7.14 (m, 2H), 5.12 (s, 1H), 1.75 (s, 3H); minor isomer: 9.54 (d, J = 7.6 Hz,
1H), 8.01-7.96 (m, 3H), 7.52-7.46 (m, 3H), 7.24 (s, 1H), 4.84 (s, 1H), 2.15 (s, 3H); ratio of
major/minor = 2:1; *C{1H} NMR (100 MHz, CDCls) ¢: 189.7, 187.0, 173.2, 161.2, 157.3, 145.0,
144.3, 144.1, 141.0, 140.6, 140.3, 139.1, 138.8, 137.8, 137.0, 136.8, 136.2, 136.0, 135.9, 135.6,
135.1, 134.5, 132.6, 132.4, 131.8, 131.6, 129.4, 129.2, 129.1, 128.9, 128.5, 126.4, 126.2, 125.8,
125.3,125.0, 124.8, 124.5, 124.0, 123.9, 119.4, 119.3, 101.3, 65.0, 45.8, 43.7, 29.7, 15.6, 15.1; MS

(m/z): HRMS (ESI-TOF) Calcd. For CagHa1CINNaOs ([M+Na]*): 575.1133, found: 575.1139.
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6-(3-chlorophenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5h): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow
solid, 0.419 g, 76%, m.p. 257-259 “C; *H NMR (400 MHz, CDCls) 6: major isomer: 9.53 (d, J
=8.0Hz, 1H), 8.01 (d, J= 8.4 Hz, 1H), 7.87 (d, J = 7.2 Hz, 2H), 7.68 (t, J = 7.2 Hz, 1H), 7.57-7.53
(m, 3H), 7.42-7.29 (m, 5H), 7.24 (d, J = 7.6 Hz, 1H), 7.16 (d, J = 5.2 Hz, 1H), 5.13 (s, 1H), 1.75 (s,
3H); minor isomer: 9.54 (d, J = 8.0 Hz, 1H), 7,97 (d, J = 7.2 Hz, 1H), 7.90 (s, 1H), 7.82 (d, J= 7.6
Hz, 2H), 7.48 (d, J = 7.6 Hz, 1H), 4.85 (s, 1H), 2.18 (s, 3H); ratio of major/minor = 4:1; *C{1H}
NMR (100 MHz, CDCls) 4: 189.7, 186.9, 173.1, 161.0, 157.0, 145.0, 144.2, 144.1, 143.6, 143.4,
141.0, 140.7, 140.3, 140.3, 139.2, 139.1, 138.8, 136.8, 136.7, 136.0, 135.9, 135.6, 135.2, 135.1,
135.0, 134.9, 134.8, 134.7, 134.2, 132.6, 132.4, 130.0, 129.8, 129.7, 129.6, 129.4, 129.3, 129.2,
129.0,128.9,126.6,126.1,125.9,125.4,125.0, 124.8,124.5, 124.0, 123.8, 123.7, 119.7, 119.5, 64.9,
63.7,45.6,43.6,43.1, 15.5, 15.1; MS (m/z): HRMS (ESI-TOF) Calcd. For CssH22CIN203 ([M+H]*):
553.1313, found: 553.1320.
6-(4-bromophenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5i): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow solid,
0.429 g, 72%, m.p. 275-277 “C; *H NMR (400 MHz, DMSO-dg) 6: major isomer: 9.43 (d, J =
8.0 Hz, 1H), 8.02-7.95 (m, 2H), 7.82-7.78 (m, 2H), 7.69 (t, J = 8.0 Hz, 1H), 7.63-7.56 (m, 5H), 7.47
(t, J = 7.6 Hz, 2H), 7.31-7.20 (m, 3H), 7.03 (d, J = 7.6 Hz, 1H), 5.17 (s, 1H), 1.72 (s, 3H); ratio of
major/minor = 14:1; *C{1H} NMR (100 MHz, DMSO-dg) J: 189.6, 186.9, 173.4, 158.1, 145.4,
142.8, 140.3, 139.3, 136.9, 136.4, 134.8, 133.3, 133.0, 131.3, 129.7, 128.7, 126.9, 126.6, 124.9,
124.2, 123.3, 119.6, 64.8, 45.5, 15.6; MS (m/z): HRMS (ESI-TOF) Calcd. For CssH22BrN2O3
([M+H]*): 597.0808, found: 597.0808.
3'-methyl-6-(4-nitrophenyl)-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-
5',7,12(1'H,4bH)-trione (5j): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, yellow solid,
0.461 g, 82%, m.p. 273-275 “C; 'H NMR (400 MHz, CDCls) 6: major isomer: 9.53 (d, J = 8.0 Hz,
1H), 8.23 (d, J = 8.8 Hz, 2H), 8.03-7.99 (m, 1H), 7.92-7.82 (m, 2H), 7.71-7.66 (m, 1H), 7.61-7.50
(m, 5H), 7.40 (t, J = 8.0 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 7.23-7.13 (m, 2H), 5.16 (s, 1H), 1.78 (s,
3H); minor isomer: 7.97 (s, 1H), 7.50 (s, 1H), 4.88 (s, 1H), 2.19 (s, 3H); ratio of major/minor =
3:1; BC{1H} NMR (100 MHz, CDClIs) 6: 189.6, 187.0, 172.8, 167.6, 160.5, 156.8, 148.3, 144.8,

144.0, 142.0, 141.4, 140.9, 140.8, 140.5, 140.2, 139.9, 139.0, 138.6, 137.0, 136.7, 136.4, 136.3,
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136.2, 135.9, 135.5, 135.4, 132.9, 132.6, 131.0, 129.6, 129.5, 129.4, 129.3, 129.2, 129.1, 128.7,
128.1,127.0,126.3, 126.1, 125.9, 125.2, 124.9, 124.5, 124.2, 124.0, 123.8, 123.5, 119.3, 119.1, 64.8,
63.8, 45.6, 43.6, 15.6, 15.3; MS (m/z): HRMS (ESI-TOF) Calcd. For CasH21NsNaOs ([M+Na]*):

586.1373, found: 586.1380.

3. General Procedure for the reaction of bindone and 2-arylidene-1,3-indanediones: A mixture
of bindone (1.0 mmol), bindone (1.0 mmol), 2-arylidene-1,3-indanedione (1.0 mmol) and EtsN (2.0
mmol) in toluene (3.0 mL) in sealed tube was heated 120 °C in oil bath at for twelve hours. After
removing the solvent, the residue was recrystallized in ethyl acetate to give the pure product 7a-7h

for analysis.

15-hydroxy-15-(m-tolyl)diindeno[1,2-a:1',2'-clanthracene-5,10,16(15H)-trione  [7a]: light
yellow solid, 0.413g, 82%, m.p. >300°C; *H NMR (400 MHz, CDCls) 8: 9.16 (d, J = 7.6 Hz ,1H),
8.30 (d, J = 7.6 Hz, 1H), 8.10-8.07 (m, 2H), 7.88 (s, 1H) 7.81 (d, J = 7.2 Hz ,1H), 7.66-7.60 (m,
4H), 7.51-7.48 (m, 1H), 7.44-7.40 (m, 2H), 7.28 (s, 1H), 7.14 (s, 1H), 7.10-7.06 (m, 1H), 6.90 (d, J
=7.2Hz, 1H), 2.21 (s, 3H); 13C NMR (100 MHz, CDCls) 5: 194.4, 191.9, 186.6, 154.4, 150.9, 147.8,
146.7, 145.9, 142.2, 141.3, 138.2, 136.2, 135.6, 135.2, 134.7, 134.3, 131.7, 131.4, 130.7, 130.4,
129.8, 128.5, 128.4, 128.2, 127.8, 127.5, 126.4, 126.0, 125.4, 124.8, 124.2, 121.9, 7.59, 21.6; MS
(m/z): HRMS (ESI) Calcd. For CssH2oNaO4 ([M+Na]*): 527.1254, found:527.1259.
15-hydroxy-15-(4-methoxyphenyl)diindeno[1,2-a:1",2'-c]anthracene-5,10,16(15H)-trione (7b):
light yellow solid, 0.395g, 76%, m.p. 286-288°C; 'H NMR (400 MHz, CDCls) &: 9.16 (d, J = 8.0
Hz ,1H), 9.29 (d, J = 8.0 Hz, 1H), 8.11-8.07 (m, 2H), 7.94 (s, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.65-
7.61 (m, 4H), 7.51-7.48 (m, 1H), 7.44-7.41 (m, 2H), 7.10-7.04 (m, 2H), 6.91 (d, J = 7.6 Hz, 1H),
6.62 (d, J =10.4 Hz, 1H), 3.71 (s, 3H); *C NMR (100 MHz, CDCls3) é: 194.5, 191.9, 186.4, 159.5,
154.1, 151.1, 151.0, 150.7, 147.9, 147.6, 146.4, 145.8, 142.2, 141.3, 136.3, 135.9, 135.6, 135.3,
134.7, 134.3, 131.8, 131.5, 131.5, 130.7, 130.5, 129.8, 129.5, 128.6, 127.9, 127.6, 126.4, 126.1,
124.9, 124.2, 117.3, 112.2, 111.3, 74.5, 55.2; MS (m/z): HRMS (ESI) Calcd. For CssHzNaOs
(IM+Na]*): 543.1203, found: 543.1203.
15-hydroxy-15-(3-methoxyphenyl)diindeno[1,2-a:1",2'-c]anthracene-5,10,16(15H)-trione

(7¢): light yellow solid, 0.338g, 65%, m.p. 290-292°C; 'H NMR (400 MHz, CDCls) 6: 9.17 (d, J =
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8.0 Hz ,1H), 8.30 (d, J = 7.6 Hz, 1H), 8.10-8.07 (m, 2H), 7.94 (s, 1H), 7.82 (d, J = 7.2 Hz,2H),
7.66-7.62 (m, 4H), 7.52-7.48 (m, 1H), 7.45-7.41 (m, 2H), 7.10-7.03 (m, 2H), 6.91 (d, J = 8.0 Hz,
1H), 6.62 (d, J = 8.4 Hz 1H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) 5: 194.4, 191.8, 186.4,
159.5,154.1, 151.0, 147.8, 147.6, 146.4, 142.2, 141.2, 136.2, 135.5, 135.2, 134.6, 134.3, 131.7,
131.4,130.7, 130.4, 129.8, 129.5, 128.5, 127.9, 127.6, 126.4, 126.1, 124.8, 124.2, 117.3, 112.2,
111.2, 74.5, 55.2; MS (m/z): HRMS (ESI) Calcd. For CssHxoNaOs ([M+Na]*): 543.1203, found:
543.1197.
15-hydroxy-15-(2-methoxyphenyl)diindeno[1,2-a:1',2'-c]anthracene-5,10,16(15H)-trione (7d):
light yellow solid, 0.411g, 79%, m.p. 297-299°C; 'H NMR (400 MHz, CDCls) 6: 9.17 (d, J = 8.0
Hz ,1H), 8.30 (d, J = 8.0 Hz, 1H), 8.10-8.05 (m, 2H), 7.92 (s, 1H), 7.83 (d, J = 7.2 Hz, 1H), 7.68-
7.62 (m, 4H), 7.53-7.49 (m, 1H), 7.46-7.42 (m, 2H), 7.41-7.37 (m, 2H), 6.89-6.84 (m, 2H); *C
NMR (100 MHz, CDCls) 8: 194.4, 191.9, 186.4, 159.5, 154.1, 151.0, 147.8, 147.6, 146.4, 142.2,
141.3, 136.3, 135.6, 135.2, 134.7, 134.3, 131.8, 131.5, 131.4, 130.7, 130.5, 129.8, 129.5, 128.6,
127.9, 127.6, 126.4, 126.1, 124.9, 124.2, 117.3, 112.2, 111.2, 74.5, 55.2; MS (m/z): HRMS (ESI)
Calcd. For CssHz0NaOs ([M+Na]*): 543.1203, found:543.1211.
15-(4-fluorophenyl)-15-hydroxydiindeno[1,2-a:1',2'-cJanthracene-5,10,16(15H)-trione  (7¢):
light yellow solid, 0.340g, 67%, m.p. 285-287°C; 'H NMR (400 MHz, CDCls) 6: 9.17 (d, J = 8.0
Hz ,1H), 8.3 (d, J = 8.0 Hz , 1H), 8.10-8.05 (m, 2H), 7.92 (s, 1H), 7.83 (d, J = 7.2 Hz, 1H), 7.68-
7.62 (m, 4H), 7.53-7.49 (m, 1H), 7.46-7.42 (m, 2H), 7.41-7.37 (m, 2H), 6.89-6.84 (m, 2H); *C
NMR (100 MHz, CDCls) 6: 194.5, 191.9, 186.4, 159.5, 154.1, 151.1, 147.7 (d, J = 26.3 Hz), 146 .4,
142.2, 141.3, 136.3, 135.6, 135.2, 134.7, 134.3, 131.6, 131.5, 130.7, 129.8, 129.5, 128.6, 127.9,
127.6, 126.4, 126.1, 124.9, 124.2, 117.3, 112.2, 111.3, 74.6, 55.1, 29.7; MS (m/z): HRMS (ESI)
Calcd. For C3sH17FNaO4 ([M+Na]*): 531.1003, found: 532.1020.
15-(3-fluorophenyl)-15-hydroxydiindeno[1,2-a:1',2'-c]Janthracene-5,10,16(15H)-trione  (7f):
light yellow solid, 0.360g, 71%, m.p. 286-287°C; 'H NMR (400 MHz, CDCl3) 6: 9.17 (d, J = 8.0
Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.11-8.06 (m, 2H), 7.97 (s, 1H), 7.83 (d, J = 7.6 Hz ,1H), 7.69-
7.63 (M, 4H), 7.53-7.50 (m, 1H), 7.47-7.42 (m, 2H), 7.23 (s, 1H), 7.15-7.06 (m, 2H), 6.82-6.77(m,
1H); 3C NMR (100 MHz, CDCls) &: 194.5, 191.7, 186.2, 162.6 (d, J = 245.7 Hz), 153.4, 151.3,
148.7, 148.6, 147.8, 145.9, 142.1, 141.2, 136.4, 135.5, 135.3, 134.6, 134.5, 131.7, 131.6, 130.7,

130.6, 130.1 (d, J = 8.2 Hz), 129.6, 128.6, 128.5, 128.2, 127.6, 126.4, 126.2, 124.9, 124.2, 120.5,
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114.4 (d, J = 21.0 Hz), 112.3 (d, J = 23.1 Hz), 74.2, 73.0; MS (m/z): HRMS (ESI) Calcd. For
CasH17FNaO4 ([M+Na]*): 531.1003, found: 531.1016.
15-hydroxy-15-(4-isopropylphenyl)diindeno[1,2-a:1",2'-c]lanthracene-5,10,16(15H)-trione
(79): light yellow solid, 0.276g, 52%, m.p. 294-296°C; *H NMR (400 MHz, CDCls) 6: 9.18 (d, J =
7.2 Hz, 1H), 8.32 (d, J = 7.6 Hz, 1H), 8.11-8.07 (m, 2H), 7.94 (s, 1H), 7.83 (d, J = 7.2 Hz ,1H),
7.66-7.62 (m, 4H), 7.53-7.49 (m, 1H), 7.45-7.40 (m, 2H), 7.31 (d, J = 7.6 Hz, 2H), 7.02 (d, J = 8.0
Hz, 2H), 2.78-2.71 (m, 1H, CH), 1.10 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCls) &: 194.4,
191.8, 186.6, 154.6, 150.9, 147.8, 147.7, 146.9, 143.2, 142.2, 141.2, 136.1, 135.6, 135.2, 134.7,
134.3, 131.7, 131.4, 130.7, 130.3, 129.8, 128.5, 127.7, 127.6, 126.6, 126.4, 126.0, 124.8, 124.7,
124.1,74.6, 33.4, 23.7, 23.6; MS (m/z): HRMS (ESI) Calcd. For Cs7H22NaO4 ([M+Na]*): 555.1567,
found: 555.1573.
15-(4-(tert-butyl)phenyl)-15-hydroxydiindeno[1,2-a:1",2'-c]anthracene-5,10,16(15H)-trione
(7h): light yellow solid, 0.317g, 58 %, m.p. >300 °C; *H NMR (400 MHz, CDCls) §: 9.12 (d, J =
8.8 Hz, 1H), 8.28 (d, J = 7.6 Hz, 1H), 8.10-8.05 (m, 2H), 7.92 (s, 1H), 7.79 (d, J = 6.8 Hz ,1H),
7.65-7.55 (m, 4H), 7.50-7.39 (m, 3H), 7.31-7.26 (m, 2H), 7.17 (d, J = 8.4 Hz, 2H), 1.17 (s, 9H,
3CHs3); 3C NMR (100 MHz, CDCls) 8: 194.3,191.7, 186.6, 154.6, 150.9, 149.9, 147.7,146.9, 142.7,
142.1, 141.2, 136.1, 135.5, 135.1, 134.6, 134.3, 131.6, 131.4, 131.3, 130.7, 130.3, 129.8, 128.5,
127.7, 127.5, 126.4, 126.0, 125.5, 124.7, 124.4, 124.1, 74.6, 34.3, 31.1; MS (m/z): HRMS (ESI)
Calcd. For C3sH2sNaO4 ([M+Na]*): 569.1723, found: 569.1713.

4. General Procedure for the reaction of 1,3-indanedione and isatins: A mixture of 1,3-
indanedione (1.0 mmol), isatin (1.0 mmol) and triethylamine (2.0 mmol) in toluene (10.0 mL) was
heated in oil bath at 90 °C for sixteen hours. After removing the solvent, the residue was subjected
to column chromatography with a mixture of ethyl acetate and light petroleum (V/V = 1:4) as eluent
to give the pure product 8a-8h for analysis.
1'-benzyl-10a,16¢-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-indoline]-
2'5,10,12,17-pentaone (8a): ethyl acetate and petroleum ether (v/v=1:4) as the eluent, white solid,
0.454 g, 73%, m.p. 291-293 °C; *H NMR (400 MHz, CDCls) &: 8.15 (d, J = 7.6 Hz, 1H), 8.10 (d, J
= 3.6 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.94 (d, J = 7.6 Hz, 1H), 7.87-7.77 (m, 2H), 7.65 (d, J = 7.6
Hz, 2H), 7.54-7.42 (m, 5H), 7.35-7.30 (m, 2H), 7.23 (s, 1H), 7.00-6.93 (m, 2H), 6.72 (d, J = 8.0 Hz,

1H), 6.28 (t, J = 7.6 Hz, 1H), 5.27 (d, J = 16.0 Hz, 1H), 5.19 (s, 1H), 5.04 (d, J = 16.0 Hz, 1H), 4.85
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(d, J = 7.6 Hz, 1H), 4.66 (s, 2H); 3C{1H} NMR (100 MHz, CDCls) §: 197.5, 193.0, 192.6, 177.0,
152.5, 1495, 145.0, 141.7, 135.8, 135.4, 135.3, 135.0, 134.9, 133.7, 132.3, 132.0, 130.6, 130.2,
129.4,129.0,128.7,128.5,127.4,127.2, 126.8, 126.6, 125.2, 123.7, 122.4, 121.3, 109.6, 59.9, 57.1,
52.0, 49.2, 45.2; HRMS (ESI-TOF) Calcd. For C421sNNaOs ([M+Na]*): 646.1625, found: 646.1629.
1'-benzyl-5'-methyl-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3"-
indoline]-2',5,10,12,17-pentaone (8b): ethyl acetate and petroleum ether (v/v=1:4) as the eluent,
white solid, 0.515 g, 81%, m.p. 293-295 °C; 'H NMR (400 MHz, CDCls) &: 8.15 (d, J = 7.6 Hz,
1H), 8.11 (d, J = 3.6 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.84-7.79 (m, 2H),
7.65 (d, J = 7.6 Hz, 2H), 7.56-7.48 (m, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.33-7.26 (m, 3H), 7.24 (d, J
= 7.6 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 5.25 (d,
J =16.0 Hz, 1H), 5.20 (s, 1H), 5.02 (d, J = 16.0 Hz, 1H), 4.65 (s, 1H), 4.60 (s, 1H), 1.65 (s, 3H);
BC{1H} NMR (100 MHz, CDCls) &: 197.6, 193.0, 192.6, 192.5, 176.8, 152.3, 149.6, 142.5, 141.7,
135.9, 135.3, 135.3, 135.2, 135.0, 133.7, 132.3, 130.6, 130.3, 130.1, 129.3, 129.0, 128.8, 128.6,
127.5, 127.4, 127.3, 127.1, 126.8, 126.5, 126.4, 123.6, 122.4, 109.3, 59.9, 57.0, 52.0, 49.2, 45.2,
20.6; HRMS (ESI-TOF) Calcd. For Ca3H27NNaOs ([M+Na]*): 660.1781, found: 660.1785.
1'-benzyl-5'-chloro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2',1'-d]Janthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8c): ethyl acetate and petroleum ether (v/v=1:4) as the eluent,
white solid, 0.519 g, 79%, m.p. 298-300 °C; *H NMR (400 MHz, CDCls) &: 8.16-8.11 (m, 2H),
8.01-7.95 (m, 2H), 7.88-7.79 (m, 2H), 7.64 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.51 (t, J =
7.2Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.39-7.34 (m, 2H), 7.30 (d, J = 7.6 Hz, 1H), 7.23 (s, 1H), 6.97-
6.93 (m, 2H), 6.62 (d, J = 8.4 Hz, 1H), 5.26 (d, J = 16.0 Hz, 1H), 5.20 (s, 1H), 5.02 (d, J = 16.0 Hz,
1H), 4.66 (s, 1H), 4.64 (d, J = 8.4 Hz, 1H); BC{1H} NMR (100 MHz, CDCls) §: 197.1, 192.6, 192.3,
176.6, 153.1, 149.0, 143.5, 141.5, 135.7, 135.4, 135.4, 135.2, 135.2, 134.8, 133.8, 132.4, 131.3,
130.8, 130.5, 129.6, 129.1, 128.9, 128.8, 128.4, 127.5, 127.4, 127.2, 126.8, 126.7, 126.5, 126.0,
123.8, 122.5, 110.4, 59.8, 57.1, 52.1, 49.1, 45.3; HRMS (ESI-TOF) Calcd. For Cs214CINNaOs
(IM+Na]*): 680.1235, found: 680.1241.
1'-benzyl-5'-fluoro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8d): ethyl acetate and petroleum ether (v/iv=1:4) as the eluent,
white solid, 0.493 g, 77%, m.p. 297-299 °C; *H NMR (400 MHz, CDCls) &: 8.16 (d, J = 7.6 Hz,

1H), 8.12 (d, J = 7.6 Hz, 1H), 8.00 (d, J = 7.2 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 7.88-7.80 (m, 2H),
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7.64 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H),
7.36 (t, J = 7.6 Hz, 2H), 7.29 (d, J = 6.8 Hz, 1H), 7.23 (d, J = 6.8 Hz, 1H), 6.96 (d, J = 8.0 Hz, 1H),
6.69 (t, J = 7.6 Hz, 1H), 6.63-6.60 (m, 1H), 5.27 (d, J = 16.0 Hz, 1H), 5.20 (s, 1H), 5.01 (d, J = 16.0
Hz, 1H), 4.66 (s, 1H), 4.49 (d, J = 9.2 Hz, 1H); *C{1H} NMR (100 MHz, CDCls) &: 197.2, 192.7,
192.3, 176.7, 159.0, 153.0, 149.1, 141.5, 141.0, 135.6, 135.5, 135.4, 135.2, 134.8, 133.8, 132.4,
131.4, 130.6, 130.5, 129.5, 129.1, 128.9, 128.7, 127.5, 127.4, 127.2, 126.8, 126.5, 123.8, 122.5,
114.6, 113.6, 59.8, 57.1, 52.1, 49.4, 45.3; HRMS (ESI-TOF) Calcd. For C21sFNNaOs ([M+Na]*):
664.1531, found: 664.1540.
1'-butyl-5'-methyl-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8e): ethyl acetate and petroleum ether (v/v=1:4) as the eluent,
white solid, 0.518 g, 86%, m.p. 299-301 °C; *H NMR (400 MHz, CDCls) &: 8.09 (t, J = 7.2 Hz, 2H),
7.99-7.94 (m, 2H), 7.84-7.76 (m, 2H), 7.55 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.32 (t, J =
8.0 Hz, 1H), 7.23-7.19 (m, 2H), 6.93 (t, J = 7.6 Hz, 2H), 6.84 (d, J = 8.0 Hz, 1H), 5.17 (s, 1H), 4.58
(d, J = 7.2 Hz, 2H), 3.95-3.88 (m, 1H), 3.85-3.78 (m, 1H), 1.94-1.85 (m, 2H), 1.69 (s, 3H), 1.60-
1.55 (m, 2H), 1.05 (t, J = 7.2 Hz, 3H); 3C{1H} NMR (100 MHz, CDCls) &: 197.7, 192.9, 192.6,
1925, 176.1, 152.2, 149.7, 142.8, 141.8, 135.4, 135.3, 135.2, 135.0, 134.9, 133.6, 132.3, 132.2,
130.6, 130.0, 129.8, 129.2, 129.0, 128.8, 127.5, 127.3, 126.7, 126.6, 126.5, 123.5, 122.3, 108.1,
59.9, 56.9, 52.0, 49.0, 40.8, 29.0, 20.6, 20.4, 13.9; HRMS (ESI-TOF) Calcd. For CsH3NNaOs
([M+H]"): 604.2118, found: 604.2118.
1'-butyl-5'-chloro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]Janthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8f): ethyl acetate and petroleum ether (v/iv=1:4) as the eluent,
white solid, 0.417 g, 67%, m.p. 286-288 °C; *H NMR (400 MHz, CDCls) &: 8.11 (d, J = 7.6 Hz,
2H), 7.97 (t, J = 8.0 Hz, 2H), 7.86-7.77 (m, 2H), 7.59 (t, J = 7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H),
7.39 (t, J = 7.6 Hz, 1H), 7.25-7.21 (m, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.02 (t, J = 7.2 Hz, 1H), 6.92
(d, J=7.6 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 5.17 (s, 1H), 4.65 (s, 1H), 4.55 (s, 1H), 3.95-3.78 (m,
2H), 1.92-1.85 (m, 2H), 1.58-1.53 (m, 2H), 1.05 (t, J = 7.6 Hz, 3H); 3C{1H} NMR (100 MHz,
CDCl) 8:197.2,192.8, 192.6, 192.3, 175.9, 152.9, 149.0, 143.8, 141.6, 135.7, 135.4, 135.2, 135.1,
134.8, 133.8, 132.4, 131.4, 130.7, 130.5, 129.5, 129.1, 128.4, 127.1, 126.7, 126.7, 126.1, 123.7,
122.4, 109.2, 59.7, 57.0, 52.1, 49.0, 40.9, 28.9, 20.4, 13.8; HRMS (ESI-TOF) Calcd. For

C39H24CINNaOs ([M+Na]*): 646.1392, found: 646.1395.
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1'-butyl-5'-fluoro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8g): ethyl acetate and petroleum ether (v/v=1:4) as the eluent,
white solid, 0.370 g, 61%, m.p. 241-243 °C; 'H NMR (400 MHz, CDCls) é: 8.10 (d, J = 7.6 Hz,
2H), 7.97 (t, J =7.6 Hz, 2H), 7.85-7.78 (m, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.2 Hz, 1H),
7.37 (t, J = 7.6 Hz, 1H), 7.24-7.21 (m, 2H), 6.94 (d, J = 8.0 Hz, 1H), 6.88-6.81 (m, 2H), 5.17 (s,
1H), 4.58 (s, 1H), 4.49 (d, J = 7.2 Hz, 1H), 3.95-3.88 (m, 1H), 3.85-3.78 (m, 1H), 1.93-1.84 (m,
2H), 1.60-1.56 (m, 1H), 1.55-1.51 (m, 1H), 1.05 (t, J = 7.6 Hz, 3H); 3C{1H} NMR (100 MHz,
CDCls) 6: 197.3, 192.8, 192.6, 192.4, 175.9, 157.7 (d, J = 238.4 Hz), 152.8, 149.2, 141.6, 141.2,
135.6, 1354, 135.2, 135.1, 134.8, 133.7, 132.3, 131.5, 130.5, 130.5, 129.5, 129.1, 127.2, 126.7,
123.7,122.4, 114.7 (d, J = 22.9 Hz), 113.7 (d, J = 26.5 Hz), 108.6 (d, J = 8.1 Hz), 59.8, 57.0, 52.1,
49.3, 40.9, 28.9, 20.4, 13.8; HRMS (ESI-TOF) Calcd. For C3sHzsFNNaOs ([M+Na]*): 630.1687,
found: 630.1693.
5'-chloro-1'-methyl-10a,16¢c-dihydro-5H,12H-spiro[diindeno[2,1-b:2',1'-d]anthracene-11,3'-
indoline]-2',5,10,12,17-pentaone (8h): ethyl acetate and petroleum ether (v/v=1:4) as the eluent,
white solid, 0.447 g, 77%, m.p. >300 °C; *H NMR (400 MHz, DMSO-ds) 6: 8.10-8.05 (m, 2H),
7.98-7.92 (m, 4H), 7.69 (t, J = 7.6 Hz, 1H), 7.63 (t, J = 7.6 Hz, 1H), 7.57 (t, J = 7.6 Hz, 1H), 7.35
(t,J = 7.6 Hz, 1H), 7.25-7.21 (m, 2H), 7.11 (d, J = 7.6 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H), 5.25 (s,
1H), 5.11 (s, 1H), 4.53 (s, 1H), 3.30 (s, 3H); *C{1H} NMR (100 MHz, CDCls) &: 198.2, 193.7,
193.1, 1924, 176.0, 154.1, 150.0, 144.9, 141.6, 136.1, 134.8, 134.6, 132.6, 131.5, 130.3, 130.1,
129.5, 128.8, 128.7, 127.3, 126.9, 125.7, 125.2, 124.1, 59.6, 56.3, 53.2, 48.9, 27.3; HRMS (ESI-

TOF) Calcd. For C3sH2:CINOs ([M+H]*): 582.1103, found: 582.1109.
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3'-amino-1'"-benzyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-fluorene-1",3"-

indoline]-2'-carbonitrile (3a)
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Intens.

+MS, 0.71-0.78min #(42-46)

x105 1
1 560.1618
3 -
2 -
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1 -
J 562.1677
0 : : : - : : .
556 558 560 562 564 566 mz
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3'-amino-1"-benzyl-5""-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carbonitrile (3b)
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Intens. +MS, 0.99-1.03min #(59-61)

x105
] 574.1771
1.25

575.1804

1 576.I1835

T
570 572 574 576 578 580 mz

S24



3'-amino-1""-benzyl-5"-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4"-

fluorene-1",3"-indoline]-2'-carbonitrile (3c)
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3'-amino-1"-benzyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carbonitrile (3d)
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3'-amino-1"-butyl-5""-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carbonitrile (3e)
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3'-amino-1"-butyl-5""-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4"-

fluorene-1",3"-indoline]-2'-carbonitrile (3f)
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3'-amino-1"-butyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carbonitrile (3g):
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Ethyl 3'-amino-1"-benzyl-5"-methyl-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carboxylate (3h):
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3'-amino-1"-benzyl-5"-chloro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carboxylate (3i)
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3'-amino-1"-benzyl-5"-fluoro-1,2",3,9'-tetraoxo-1,3-dihydro-9'H-dispiro[indene-2,4'-

fluorene-1",3"-indoline]-2'-carboxylate (3j):
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3'-methyl-1',6-diphenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-5',7,12(1'H,4bH)-

trione (5a):
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3'-methyl-1'-phenyl-6-(p-tolyl)-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

5',7,12(1'H,4bH)-trione (5b):

|

—

L

..

=
=

FL0'€

I

10

11

12

13

14

f1 (ppm)

809°G1
z6v12 |
6551Z
STO9¥
ezso |
LTY6I11
LTS'611
YIL'€TI
956'€T1
LTOVTL
SILVTI k
TL9'STI
€56'ST1
121921 k

O;\CV—AA

1,8°8C1

6C6'8C1

r€0°6C1

Tel'ecl |
creecl
£€69°0¢1 1
L8TCE
S0S'Cel
L18°€E]
P06 vET |
€OV SEl
8T9°SEl Y
19L°6€1 A
LTIT'LET o
SLY'LET A

6CE6E1 &
L8T'OVI
SoTovl
1Ly ov]
91T sl
10991 \
9C9°LS1
80S°ELT ~

S90°L8L N
6C1°881
S9L681 /

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

190

230 220 210 200

f1 (ppm)

S43



Intens‘i +MS, 0.86-0.93min #(51-55)
x10
8 555.1682

556.1713

557.1743

T T T T t
552 554 556 558 560 mz

s44



6-(4-methoxyphenyl)-3'-methyl-1'-phenyl-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

5',7,12(1'H,4bH)-trione (5¢)
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7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(3-methoxyphenyl)-3'-methyl-1'-phenyl

5'7,12(1'H,4bH)-trione (5d)

-10

60 50 40 30 20 10

70

80

110 100 90

f1 (ppm)

120
S47

130

— Lo €19°S1 —
6v8'St
| — €TSS 1
£60°59 1
008°SI1
TS6T | 8YT6I11 |
-62°0 09611 ?
¥86°€C1
| . soswTl k
LILYTL
| 570 896'STI |
Nt oo 11€°92T |
9€0°621 1
161°621
-010| €0€°6C1 1
-260 9YSTET
o1 ~ 160PET
| £ coovel
o[ S LTSsEl
11°1 & pI8Sel 1
1L°1 VLOLET
Lol ™ €9E°LET |
ic72 €8T'6ET
10 0CTOoPI A
61 - ° 89€°0VT —
Z1°0 LLI'SYL T
10 T69°SH1
kAl SSELST ~
60 1916517
ﬁ <ol
OTE = ezeLi—
0°0
01
I'rL = 216981 ~
9TL 681~
Lo
[
LI

180 170 160 150 140

190

230 220 210 200

el T




Intens. | +MS, 0.51-0.68min #(30-40)

571.1631

w

N

572.1667

[

573.1705

o

T T T T T
568 570 572 574 576 mz

S48



-7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(4-isopropylphenyl)-3’-methyl-1'-phenyl

5',7,12(1'H,4bH)-trione (5e)
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Intens. +MS, 0.79-0.88min #(47-52)
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7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(4-(tert-butyl)phenyl)-3'-methyl-1'-phenyl
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TH-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(4-chlorophenyl)-3'-methyl-1'-phenyl

5',7,12(1'H,4bH)-trione (59):
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TH-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(3-chlorophenyl)-3'-methyl-1'-phenyl

5'7,12(1'H,4bH)-trione (5h)
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TH-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

6-(4-bromophenyl)-3'-methyl-1'-phenyl

5'7,12(1'H,4bH)-trione (5i)
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+MS, 0.12-0.32min #(7-19)
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7H-spiro[indeno[1,2-a]fluorene-5,4'-pyrazole]-

3'-methyl-6-(4-nitrophenyl)-1'-phenyl

5'7,12(1'H,4bH)-trione (5j)

000°0- —

N
061°T
L8V ]
8s1°s 1
LT

Ib1L
L81°L
€0T'L
sTTL
YPTL
80€°L |
62€L T
LyeL
1LE°L
06€°L
60t"L 1
00S°L ]
SSL
PSSL ]
065°L 7
019°L1
T9'LA
659°L
SL9°L”]
€69°L
11LL
s18°L]
vES'L
TS8°L
148 ]
€88°L ]
1062
0T6'L
vi6L ]
€66°L |
800°8
L10°8
670°8
s1T'8
LETS

—

Ode;
s6

L

A

=1€'C
=690

=920
=SL0

10

12

13

14

f1 (ppm)

08TST)
€29°51
009°€P
8€9°SH |
0r8H9 |
9TI611
01€611
ShPETl
LLLETT
S00+T1
YITHTI
69%¥T1
€€6'¥C1
0S1°sTI
280921
LEE9TI
9L6'9C1
90621

——

TIC6C1 |
P8E6T1 1
YEP'6TI |
$85°621 1
1£9°621 1
PPOTEL ]
SPRTEI |
99€SE1 |
SbbSEl |
TL8SEL
681°9€1 Y
G3T'OET
06£9¢€1
669°9€1
z€9°8¢€1 ]
866'8€1
Z166¢61 ]
81T OV
TS OvT |
106°0t1 |
0£6°0t1 ]
LY6 TP 1
6£0° b1
eRed!
Y6T 8P
L9L'9S1
105091
909°L91 |
L18TLT ]
0L6'981 1

|
|
|
|
|

$79°681 "

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

190

230 220 210 200

f1 (ppm)

S59



Intens. ] +MS, 0.27-0.39min #(16-23)
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1',2'-clanthracene-5,10,16(15H)-trione[7a] :

15-hydroxy-15-(m-tolyl)diindeno[1,2-a
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1',2'-clanthracene-5,10,16(15H)-trione

15-hydroxy-15-(4-methoxyphenyl)diindeno[1,2-a
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Intens. +MS, 0.22min #(13)
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1',2'-clanthracene-5,10,16(15H)-trione

15-hydroxy-15-(3-methoxyphenyl)diindeno[1,2-a

(7¢):
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Intens. +MS, 1.06-1.10min #(63-65)
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1',2'-clanthracene-5,10,16(15H)-trione

15-hydroxy-15-(2-methoxyphenyl)diindeno[1,2-a

(7d):
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Intens. +MS, 0.62min #(37)
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1',2'-clanthracene-5,10,16(15H)-trione  (7e):

15-(4-fluorophenyl)-15-hydroxydiindeno[1,2-a

00070\
Y89
S989
L88'9
ILEL
¥8E'L
c6¢e’L
SOv'L
12v'L
ovv'L
6SY'L
vmv.:
CIS'L 1
1€S°L
€T9°L 1
0v9°L 1
8S9°L {
SLY'LA
128°L Y
6€8°L T
€T6°L Y
1S0°8
1L0°8
08078

0018
6T8~
z1es’
991'6
s81'67

10

11

12

13

14

1 (ppm)

L89°6C —

0S1°sS —

OV vL —

PSTII
LITTIT
S9TLIT ]
SOIHTI ]
6L8VTI |
290'9C1 |
614921\
z6s°LT1 |
0€6°LTI A
TLS8TI
SES6TI ]
¥T8°6C1
€TL0ET
Atk
8y IET
PIEPET
00L¥ET |
79T°SET
109°s€1 |
LLT9ET |
v8T 1P |
szzeyt ]
prropt |
12521 |
beS L ]
€L0'1ST ]
selbet ]
805651 |
6177981
SL8161 ]
99t p61 -

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

190

230 220 210 200

f1 (ppm)

S69



Intens.

150

100

50

531.

1001

532.1020

+MS, 0.54-0.56min #(32-33)

T
527

T
528

T
529

T
530

S70

T
531

T
532

T
533

T
534

T
535

T
536m/z




1',2'-clanthracene-5,10,16(15H)-trione  (7f):

15-(3-fluorophenyl)-15-hydroxydiindeno[1,2-a
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Intens. | +MS, 0.54min #(32)
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15-hydroxy-15-(4-isopropylphenyl)diindeno[1,2-a:1",2'-c]lanthracene-5,10,16(15H)-trione

(79):
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1',2'-clanthracene-5,10,16(15H)-trione

15-(4-(tert-butyl)phenyl)-15-hydroxydiindeno[1,2-a

(7h):
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1'-benzyl-10a,16¢c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-indoline]-

2,17-pentaone (8a)
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1'-benzyl-5'-methyl-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3"-

indoline]-2',5,10,12,17-pentaone (8b):
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1'-benzyl-5'-chloro-10a,16¢-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8c)
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Intens. +MS, 0.37-0.41min #(22-24)
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1'-benzyl-5'-fluoro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8d):
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1'-butyl-5'-methyl-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8e)
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1'-butyl-5'-chloro-10a,16¢c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8f)
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1'-butyl-5'-fluoro-10a,16c-dihydro-5H,12H-spiro[diindeno[2,1-b:2",1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8g):
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5'-chloro-1'-methyl-10a,16c¢-dihydro-5H,12H-spiro[diindeno[2,1-b:2',1'-d]anthracene-11,3'-

indoline]-2',5,10,12,17-pentaone (8h):
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