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Single crystals were grown by slow evaporation of concentrated solution in CHCI3 /
DCM / EtOH (compounds 1f, 2b, 2g°, 3a, 4e, 5b) in glass vials, which were then

sealed by plugs with needles on them.
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Fig. S2 ORTEP drawing (30%) of the crystal structure of 2b
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Fig. S3 ORTEP drawing (30%) of the crystal structure of 2g°

Fig. S4 ORTEP drawing (30%) of the crystal structure of 3a



Fig. S6 ORTEP drawing (30%) of the crystal structure of 5b



Table S1The single crystal date of compounds 1f, 2b’

Phase 1f 2b
Empirical formula C40H30CIFN20, CssH26N4O
Formula weight 625.11 518.60
Temperature/K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073
Crystal system Orthorhombic Monoclinic
Space group Pbca P2(1)/n
alA 10.6504(5) 17.974(8)
b/A 20.2099(12) 8.236(4)
c/A 29.3774(14) 21.725(9)
a () 90 90
B () 90 109.319(11)
v (°) 90 90
Vv (A3) 6323.3(6) 3035(2)
z 8 4
Calculated density (g €m) 1.313 1.135
Absorption coefficient(mm?) 0.166 0.070
F(000) 2608 1088
0 range /(°) 2.015 to 24.999 deg. 2.401 to 24.995

-12<=h<=10, - 21<=k<=24,  -21<=h<=21, -9<=K<=9,

Limiting indices

-34<=l<=34 -25<=1<=23

49453 / 5558 20790/ 5259

Reflections collected/unique

[R(int) = 0.0996] [R(int) = 0.1344]

Completeness to theta 99.9 % 98.4 %
Max. and min. transmission 0.7456 and 0.6685 0.7456 and 0.6320
Full-matrix Full-matrix

Refinement method

least-squares on F2 least-squares on F2

Data/restraints/parameters 5558/ 0/ 417 5259/ 0/ 362

Goodness-of-fit on F2 1.054 1.016
Final R indices[I>2sigma(l)] = R1=0.0796, wR2 =0.2216 R1 =0.0801, wR2 = 0.2005

R indices (all data)

Largest diff. peak and hole
(e A?)

R1=0.1537, wR2 =0.2491 R1=0.1978, wR2 =0.2542

1.473 and -0.443 0.246 and -0.212




Table S2The single crystal date of compounds 2g°, 3a

Phase 29’ 3a
Empirical formula Ca3H2sClsN4O Cs1H25N303
Formula weight 638.39 487.54
Temperature/K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group P2(1)/c P2(1)/n
alA 10.4591(4) 12.6929(8)
b/A 12.0856(5) 14.6126(8)
clA 24.9411(10) 14.7027(7)
a () 90 90
B () 93.7861(13) 113.5420(18)
v (°) 90 90
V(A3 3145.8(2) 2500.0(2)
z 8 4
Calculated density (g €m) 1.348 1.295
Absorption coefficient(mm?) 0.409 0.085
F(000) 1320 1024
0 range /(°) 2.349 to 26.000 deg. 2.275 t0 25.995
-12<=h<=12, -12<=k<=14, -15<=h<=13,

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[I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
(e A?)

-30<=1<=30

29030/ 6165

[R(int) = 0.0353]
99.8 %

0.7456 and 0.6750
Full-matrix
least-squares on F*2
6165/0/381
1.020
R1=0.0572, wR2 = 0.1346
R1 =0.0882, wR2 = 0.1538

0.598 and -0.516

-18<=k<=17, -18<=I<=17

23220/ 4903
[R(int) = 0.0554]
99.7 %
0.7456 and 0.6972
Full-matrix

least-squares on F2

4903/01/339
1.029

R1 =0.0495, wR2 = 0.1057
R1=0.1077, wR2 = 0.1285

0.194 and -0.149




Table S3The single crystal date of compounds 4e, 5b

Phase 4e 5b
Empirical formula C3z1H29N305 C31H28CIsNO>
Formula weight 523.57 552.89
Temperature/K 296(2) K 296(2) K
Wavelength/ A 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group P2(1)/c P2(1)/c
alA 9.1112(5) 9.0519(14)
b/A 32.6212(16) 12.354(2)
c/A 17.7777(10) 25.164(5)
a(°) 90 90
B(°) 91.0593(17) 99.596(5)
v(°) 90 90
V(A% 5283.0(5) 2774.6(8)
YA 8 4
Calculated density (g €m) 1.317 1.324
Absorption coefficient(mm™) 0.090 0.359
F(000) 2208 1152
6 range /(°) 2.196 to 25.999 2.327 10 25.998

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?)

-11<=h<=11, -40<=k<=40,

-21<=I<=21

46537 / 10364

[R(int) = 0.0880]
99.8%

0.7455 and 0.6933
Full-matrix
least-squares on F/2
10364 /65 /711
1.022
R1=0.0745, wR2 = 0.1512
R1=0.1792, wR2 = 0.1920

0.600 and -0.238

-11<=h<=10, -14<=k<=15,

-31<=I<=27

23988 /5440

[R(int) = 0.1160]
99.9 %

0.7456 and 0.4919
Full-matrix
least-squares on F/2
5440/0/336
1.020
R1=0.0803, wR2 = 0.1909
R1 =0.1849, wR2 = 0.2480

0.392 and -0.495




Experimental section

Unless noted, the commercial reagents and solvents were used without further purification.
Melting points were recorded with a micromelting point apparatus and are uncorrected. IR spectra
were recorded using a Bruker Tensor 27 spectrometer (KBr disc). The 'H and 13C{*H} NMR
spectra were recorded with a Varian 400 spectrometer at 400 or 100 MHz. High-resolution mass
spectra (HRMS) were recorded in ESI mode using a MicroTOF mass spectrometer. Single-crystal
X-ray data were collected with a Bruker Smart APEX-2 CCD diffractometer. All reactions were
monitored by thin-layer chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25
mm), and components were monitored by observation under UV light (254 and 365 nm).
1. General procedures for the Synthesis of functionalized spiro[carbazole-3,3'-inolines]: A
mixture of 2-methyl-1H-indole (0.5 mmol, 1.0 equiv), aldehyde (0.6 mmol, 1.2 equiv),
3-methyleneoxindole (0.5 mmol, 1.0 equiv) and CuSO4 (0.2 mmol, 0.4 equiv) in dry toluene (6.0
mL) was stirred at 110°C for about three hours. After removing the solvent by evaporating at
reduced pressure, the residue was subjected to column chromatography with ethyl acetate and
light petroleum (V/V = 1:5-1:8) as eluent to give pure la-1j and 1a’-1j’.
2. General procedures for the Synthesis of functionalized spiro[carbazole-2,3'-indolines]: A
mixture of 2-methyl-1H-indole (0.5 mmol, 1.0 equiv), aldehyde (0.6 mmol, 1.2 equiv),
2-(1-benzyl-2-oxoindolin-3-ylidene)malononitrile (0.5 mmol, 1.0 equiv) and CuSOs (0.2 mmol,
0.4 equiv) in dry toluene (6.0 mL) was stirred at 110°C for about three hours. After removing the
solvent by evaporating at reduced pressure, the residue was subjected to column chromatography
with ethyl acetate and light petroleum (V/V=1:5-1:8) as eluent to give pure 2a-2g and 2a’-29°.

3. General procedures for the Synthesis of functionalized spiro[carbazole-3,5'-pyrimidine]



reaction: A mixture of 2-methyl-1H-indole (0.5 mmol, 1.0 equiv), aldehyde (0.6 mmol, 1.2 equiv),

5-arylidene-1,3-dimethylbaribituric acid (0.5 mmol, 1.0 equiv) and CuSO4 (0.2 mmol, 0.4 equiv)

in dry toluene (6.0 mL) was stirred at 110°C for about three hours. After removing the solvent by

evaporating at reduced pressure, the mixture of the above obtained product and DDQ (1.0 mmol,

0.227 g, 2.0 equiv) in dry acetonitrile (10.0 mL) was stirred at room temperature for about four

hours. After removing the solvent by evaporating at reduced pressure, the residue was subjected to

column chromatography with ethyl acetate and light petroleum (V/V=1:3-1.6) as eluent to give

pure products 3a-3c.

4. General procedures for the Synthesis of functionalized spiro[carbazole-3,3'-inolines]: A

mixture of 2-methyl-1H-indole (0.5 mmol, 1.0 equiv), aldehyde (1.2 mmol, 1.2 equiv) and

1,3-dimethylbaribituric acid (0.5 mmol, 1.0 equiv) in dry toluene (6.0 mL) was stirred at 110°C for

about three hours. After removing the solvent by evaporating at reduced pressure, the residue was

subjected to column chromatography with ethyl acetate and light petroleum (V/V=1:5-1:8) as

eluent to give pure 4a-4h.

5. General procedures for the Synthesis of functionalized

tetrahydrospiro[carbazole-3,1'-cyclopentane]-2',5'-diones and

tetrahydrospiro[carbazole-3,1'-cyclohexane]-2°,6'-diones: A mixture of 2-methyl-1H-indole

(0.5 mmol, 1.0 equiv), aldehyde (1.2 mmol, 2.4 equiv), 1,3-diones (0.5 mmol, 1.0 equiv) and

CuSO;4 (0.2 mmol, 0.4 equiv) in dry toluene (6.0 mL) was stirred at 110°C for about three hours.

After removing the solvent by evaporating at reduced pressure, the residue was subjected to

column chromatography with ethyl acetate and light petroleum (V/V=1:5-1:8) as eluent to give

pure 5a-5Kk.



2-Benzoyl-1'-benzyl-4-phenyl-1,2,4,9-tetrahydrospiro[carbazole-3,3'-indolin]-2'-one (1a):
purple solid, 61%, m.p. 182-185°C; *H NMR (400 MHz, CDCls) &: 8.23 (s, 1H, NH), 7.89 (d, J =

7.2 Hz, 1H, ArH), 7.54 (t, J = 7.2 Hz, 1H, ArH), 7.43-7.39 (m, 3H, ArH), 7.30 (d, J = 8.0 Hz, 1H,
ArH), 7.23-7.15 (m, 2H, ArH), 7.14-7.08 (m, 5H, ArH), 6.99 (t, J = 7.6 Hz, 1H, ArH), 6.83-6.73
(m, 3H, ArH), 6.63-6.62 (m, 2H, ArH), 6.36 (d, J = 7.6 Hz, 1H, ArH), 6.28 (t, J = 7.2 Hz, 2H,
ArH), 5.00 (s, 1H, CH), 4.83 (dd, J; = 12.4 Hz, J, = 5.2 Hz, 1H, CH), 4.60 (d, J = 16.0 Hz, 1H,
CH), 4.46 (d, J = 16.0 Hz, 1H, CH), 3.49 (t, J = 12.4 Hz, 1H, CH), 3.26 (dd, J, = 16.8 Hz, J, = 5.2
Hz, 1H, CH); 3C NMR (400 MHz, CDCls) &: 199.3, 178.0, 143.6, 136.6, 136.5, 136.2, 135.2,
133.3, 132.3, 130.9, 130.0, 128.7, 128.6, 128.4, 128.2, 127.9, 127.7, 127.0, 126.9, 126.7, 126.5,
125.6, 121.8, 121.5, 120.2, 119.1, 110.7, 110.7, 109.0, 56.1, 50.0, 48.8, 43.6, 25.4; IR(KBI) v:
3367, 3210, 3155, 3017, 2980, 2831, 2864, 1877, 1623, 1611, 1507, 1456, 1355, 1241, 1178, 1143,
955, 931, 849, 789 cml; MS (m/z): HRMS (ESI) Calcd. for CsoHsoN,02([M+Na]*): 581.2199,

found: 581.2191.

24
—-0.00

M N

NI D
Sl

=4 0.9
©40.961
0.971

1.004

= 11.922
%

3.06]
1.904

o

0.94y
0.931

“109
BIEE)

>
o
o

10



[Ta) [sa) Ya) AN N O X
3e] = N} SN — oo v O v 0
= %) N SN SR = R0 ~
=) = T A~ ==3 S L e %
— — — —_— o — v < < N
| | | ~\ = [ |
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
£1 (ppm)
Intens. +MS, 0.37-0.51min #(22-30)
x104
] 581.2191
5
4 ]
3 -
] 582.2223
] 578.2103 583.2254
o T T | L — L T — T T
576 578 580 582 584 586 mz

11




2-Benzoyl-1'-benzyl-4-phenyl-1,2,4,9-tetrahydrospiro[carbazole-3,3'-indolin]-2'-one (1a’):
purple solid, 6%, m.p. 195-198 °C; *H NMR (400 MHz, CDCls) é: 8.04 (s, 1H, NH), 7.79 (d, J =

7.6 Hz, 2H, ArH), 7.51 (t, J = 7.2 Hz, 1H, ArH), 7.39 (t, J = 7.2 Hz, 2H, ArH), 7.25-7.19 (m, 5H,
ArH), 7.16-7.06 (m, 5H, ArH), 7.04-6.97 (m, 4H, ArH), 6.83 (d, J = 7.2 Hz, 2H, ArH), 6.75-6.73
(m, 1H, ArH), 6.62 (d, J = 7.6 Hz, 1H, ArH), 4.94 (d, J = 15.6 Hz, 1H, CH), 4.84 (s, 1H, CH), 4.56
(d, J = 15.6 Hz, 1H, CH), 4.55-4.53 (m, 1H, CH), 3.81-3.75 (m, 1H, CH), 3.07 (dd, J; = 16.8 Hz,
J2 = 7.6 Hz, 1H, CH); 3C NMR (400 MHz, CDCls) &: 199.7, 176.5, 142.7, 139.2, 136.6, 136.5,
135.8, 133.1, 132.2, 131.8, 130.1, 128.7, 128.6, 128.5, 128.5, 127.8, 127.7, 127.2, 127.1, 127.0,
126.9, 124.6, 122.2, 121.5, 119.3, 119.1, 110.8, 110.5, 108.9, 54.0, 47.1, 44.2, 43.7, 24.5; IR(KBr)
v: 3354, 3263, 3211, 3130, 3078, 2935, 2864, 2817, 2077, 1867, 1644, 1607, 1537, 1437, 1355,
1256, 1155, 1109, 997, 988, 845, 768 cm; MS (m/z): HRMS (ESI) Calcd. for CagHaoN2O;

(IM+Na]*): 581.2199, found: 589.2187.
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1'-Benzyl-2-(4-chlorobenzoyl)-5'-methyl-4-(o-tolyl)-1,2,4,9-tetrahydrospiro[carbazole-3,3'-in
dolin]-2'-one (1b):

purple solid, 55%, m.p. 190-193°C; *H NMR (400 MHz, CDCls) 8: 8.08 (s, 1H, NH), 7.87 (d, J =
8.4 Hz, 2H, ArH), 7.42 (d, J = 8.4 Hz, 2H, ArH), 7.34 (d, J = 8.0 Hz, 1H, ArH), 7.17 (d, J = 7.2 Hz,
1H, ArH), 7.10-7.04 (m, 5H, ArH), 6.99-6.97 (m, 1H, ArH), 6.87 (d, J = 8.0 Hz, 1H, ArH), 6.75 (t,
J=7.8Hz, 1H, ArH), 6.56 (t, J = 7.2 Hz, 1H, ArH), 6.44 (d, J = 7.2 Hz, 2H, ArH), 6.35 (d, J = 8.0
Hz, 1H, ArH), 6.23 (d, J = 8.0 Hz, 1H, ArH), 6.05 (d, J = 8.0 Hz, 1H, ArH), 5.44 (s, 1H, CH),
4.90-4.84 (m, 2H, CHy), 4.24 (d, J = 16.4 Hz, 1H, CH), 3.67-3.59 (m, 1H, CH), 3.32 (dd, J; = 16.8
Hz, J» = 5.2 Hz, 1H, CH), 2.54 (s, 3H, CHa), 2.19 (s, 3H, CHa); 13C NMR (400 MHz, CDCls) &:
198.3, 178.3, 141.5, 139.6, 137.7, 136.6, 135.2, 135.1, 134.5, 131.4, 131.1, 130.7, 130.2, 130.0,
128.8, 128.5, 128.4, 126.8, 126.1, 124.6, 121.6, 119.7, 119.2, 112.2, 110.6, 109.0, 55.4, 49.6, 43.9,
435, 25.5, 21.5, 20.4; IR(KBr) v: 3344, 3271, 3160, 3018, 2955, 2864, 2821, 1874, 1631, 1600,
1567, 1488, 1363, 1231, 1131, 1107, 955, 908, 841, 766 cm'L; MS (m/z): HRMS (ESI) Calcd. for

C41H33CIN202 ([M+Na]*): 643.2123, found: 643.2105.

0 00 \Orn O DT VO nwn <t < O <t ~on ol N <t O < < [=)} 8
Snat —~SoXEMETAS T & RV NN N e D — .
o0 I~ O~ -~ O O \© O OO v <t <t < < < N on cnon A ™ ol
N S\t ] e N S e S |

| T

2.0
1.033
| 1.081
1.081

& 3.05¢1

2.96=

14



o) < ~ —~ONoOOMmMA®X IO —
“a “a IR i Sl B LT LA [JNsa el
3 6 N SO XBS N NS T e an MRt
=N = N AR~ —~ =3 R w ] =S
- — RATENAULSULEA SR A b Jhan i a4 n o aaQ
| | =N (N N AN
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)
Intens. +MS, 0.42-0.44min #(24-25)
x104
1 643.2105
2.0+
1.5
1.0 H
i 644.2137
: 645.2101
0.5 4
] 646.2114
647.2084
i 641.2019 648.2102
0.0 ! | 1 : ] l [
-0 =7 T T T T T T T T T
639 640 641 642 643 644 645 646 647 648 m'z

15




1'-Benzyl-2-(4-chlorobenzoyl)-5'-methyl-4-(o-tolyl)-1,2,4,9-tetrahydrospiro[carbazole-3,3'-in
dolin]-2'-one (1b’):
purple solid, 7%, m.p. 200-203°C; *H NMR (400 MHz, CDCls) é: 8.01 (s, 1H, NH), 7.75 (d, J =

8.8 Hz, 2H, ArH), 7.36-7.32 (m, 3H, ArH), 7.20-7.19 (m, 3H, ArH), 7.14-7.11 (m, 5H, ArH),
7.08-7.05 (m, 2H, ArH), 6.97 (d, J = 8.0 Hz, 1H, ArH), 6.88 (t, J = 7.2 Hz, 1H, ArH), 6.81 (d, J =
8.0 Hz, 1H, ArH), 6.68 (d, J = 8.4 Hz, 2H, ArH), 4.84 (d, J = 15.6 Hz, 1H, CH), 4.79 (t, J = 5.6 Hz,
1H, CH), 4.70 (s, 1H, CH), 4.57 (d, J = 15.6 Hz, 1H, CH), 3.41 (dd, J, = 16.8 Hz, J, = 5.6 Hz, 1H,
CH), 3.28 (dd, J; = 16.8 Hz, J = 11.6 Hz, 1H, CH), 2.16 (s, 3H, CHs), 2.12 (s, 3H, CHs); 13C
NMR (400 MHz, CDCls) &: 216.4, 215.2, 148.4, 148.0, 140.8, 139.9, 136.3, 136.1, 135.3, 135.0,
134.6, 134.1, 130.0, 129.7, 129.5, 125.4, 124.8, 123.9, 123.1, 123.0, 122.9, 121.8, 121.7, 119.6,
119.5, 119.2, 111.0, 110.9, 109.9, 106.7, 65.1, 48.4, 46.8, 37.2, 37.1, 36.3, 26.3; IR(KBT) v: 3301,
3267, 3154, 3037, 2955, 2864, 2831, 2051, 1878, 1647, 1633, 1524, 1466, 1371, 1234, 1178, 1168,
944, 907, 862, 755 cml; MS (m/z): HRMS (ESI) Calcd. for CaiH33sCIN20,([M+Na]*): 643.2123,

found: 643.2106.
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1'-Butyl-2-(4-chlorobenzoyl)-4-(4-methoxyphenyl)-5'-methyl-1,2,4,9-tetrahydrospiro[carbaz
ole-3,3'-indolin]-2'-one (1c):

purple solid, 57%, m.p. 193-195°C; 'H NMR (400 MHz, CDCls) &: 8.07 (s, 1H, NH), 7.86 (d, J =
8.4 Hz, 2H, ArH), 7.41-7.36 (m, 3H, ArH), 7.26-7.23 (m, 1H, ArH), 7.11 (t, J = 7.2 Hz, 1H, ArH),
6.94-6.90 (m, 2H, ArH), 6.81 (t, J = 7.2 Hz, 1H, ArH), 6.69 (d, J = 8.4 Hz, 1H, ArH), 6.40 (d, J =
7.6 Hz, 2H, ArH), 6.28-6.27 (m, 2H, ArH), 4.90 (s, 1H, CH), 4.72 (dd, J; = 12.4 Hz, J, = 5.2 Hz,
1H, CH), 3.69 (s, 3H, OCHs), 3.65-3.57 (m, 1H, CH), 3.26-3.23 (m, 2H, CHy), 3.18 (d, J = 5.2 Hz,
1H, CH), 2.19 (s, 3H, CHs), 1.18-1.11 (m, 2H, CHy), 1.01-0.96 (m, 2H, CH,), 0.76 (t, J = 7.2 Hz,
3H, CHs); 13C NMR (400 MHz, CDCls) 8: 197.8, 177.1, 158.3, 141.3, 139.6, 136.5, 134.6, 132.0,
131.6, 130.8, 130.6, 130.1, 128.7, 128.5, 128.2, 128.1, 126.8, 126.4, 121.5, 120.4, 119.1, 112.6,
111.9, 111.1, 110.5, 107.7, 56.1, 54.9, 48.8, 47.9, 39.6, 29.2, 25.1, 21.4, 20.0, 13.7; IR(KBI) v:
3362, 3301, 3256, 3144, 3067, 2963, 2811, 2750, 2143, 1831, 1654, 1611, 1542, 1466, 1355, 1241,
1100, 1054, 966, 931, 849, 772 cmr’; MS (m/z): HRMS (ESI) Calcd. for CsgHssCIN2O3 ([M+Na]*):

625.2228, found: 625.2228.
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1'-Benzyl-2-(4-chlorobenzoyl)-4-(2-chlorophenyl)-5'-methyl-1,2,4,9-tetrahydrospiro[carbazol
e-3,3'-indolin]-2'-one (1d):

purple solid, 58%, m.p. 184-187°C; *H NMR (400 MHz, CDCls) 8: 8.08 (s, 1H, NH), 7.73 (d, J =
8.4 Hz, 2H, ArH), 7.37 (d, J = 7.2 Hz, 2H, ArH), 7.35-7.32 (m, 2H, ArH), 7.18-7.16 (m, 4H, ArH),
7.14-7.11 (m, 5H, ArH), 6.96 (d, J = 8.0 Hz, 1H, ArH), 6.92 (d, J = 4.0 Hz, 2H, ArH), 6.64 (d, J =
8.0 Hz, 2H, ArH), 4.96 (s, 1H, CH), 4.94 (d, J = 15.6 Hz, 1H, CH), 4.71 (t, J = 8.4 Hz, 1H, CH),
458 (d, J = 16.0 Hz, 1H, CH), 3.34 (d, J = 8.4 Hz, 2H, CHy), 2.11 (s, 3H, CHa); $3C NMR (400
MHz, CDCls) 6: 198.3, 175.5, 140.3, 139.7, 137.3, 136.8, 135.8, 135.2, 134.7, 132.4, 131.8, 131.5,
130.9, 130.1, 128.9, 128.8, 128.4, 128.3, 128.3, 127.4, 127.1, 126.7, 126.5, 124.6, 122.1, 119.7,
118.7, 110.6, 109.9, 108.8, 53.0, 44.1, 43.3, 42.9, 21.4, 0.1 cm; IR(KBTr) v: 3341, 3305, 3248,
3103, 3054, 2954, 2866, 2760, 2149, 1860, 1653, 1667, 1553, 1470, 1344, 1249, 1150, 1140, 967,
933, 849, 761 cml; MS (m/z): HRMS (ESI) Calcd. for CaoHz0CIaN20, ([M+Na]*): 663.1577,

found: 663.1564.
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1'-Butyl-2-(4-chlorobenzoyl)-4-(4-chlorophenyl)-5'-methyl-1,2,4,9-tetrahydrospiro[carbazole
-3,3'-indolin]-2'-one (le):

purple solid, 65%, m.p. 185-188°C; tH NMR (400 MHz, CDCls) &: 8.12 (s, 1H, NH), 7.85 (d, J =
8.4 Hz, 2H, ArH), 7.39 (t, J = 8.4 Hz, 3H, ArH), 7.29-7.28 (m, 1H, ArH), 7.17-7.12 (m, 2H, ArH),
6.94 (d, J = 7.6 Hz, 1H, ArH), 6.88-6.87 (m, 1H, ArH), 6.84 (t, J = 7.6 Hz, 1H, ArH), 6.70 (dd, J;
= 8.4 Hz, J;= 2.0 Hz, 1H, ArH), 6.42 (d, J = 8.0 Hz, 1H, ArH), 6.37 (d, J = 8.0 Hz, 1H, ArH), 6.32
(dd, J1= 8.4 Hz, J,= 2.0 Hz, 1H, ArH), 4.93 (s, 1H, CH), 4.71 (dd, J:= 12.4 Hz, J,= 5.2 Hz, 1H,
ArH), 3.64-3.56 (m, 1H, CH), 3.26 (g, J = 7.2 Hz, 2H, CH3), 3.23-3.19 (m, 1H, CH), 2.19 (s, 3H,
CHs), 1.16-1.10 (m, 2H, CHy), 1.02-0.89 (m, 2H, CH;), 0.78 (t, J = 7.2 Hz, 3H, CH3); *C NMR
(400 MHz, CDCls) &: 197.6, 176.8, 141.2, 139.8, 136.5, 135.0, 134.5, 132.6, 132.3, 131.9, 131.1,
130.8, 130.1, 128.7, 128.5, 127.6, 127.4, 126.7, 126.4, 121.7, 120.1, 119.3, 110.6, 107.8, 55.9,
48.8, 47.8, 39.7, 29.2, 25.0, 21.3, 20.0, 13.6; IR(KBr) v: 3307, 3278, 3148, 3033, 2971, 2863,
2801, 2133, 1862, 1655, 1638, 1564, 1467, 1358, 1231, 1146, 1100, 948, 903, 843, 788 cmt; MS

(m/z): HRMS (ESI) Calcd. for C37H32CI2N202 ([M+Na]*): 629.1721, found: 629.1733.
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1'-Benzyl-4-(3-chlorophenyl)-5'-fluoro-2-(4-methylbenzoyl)-1,2,4,9-tetrahydrospiro[carbazol
e-3,3'-indolin]-2'-one (1f):
purple solid, 55%, m.p. 195-198 °C; *H NMR (400 MHz, CDCls) &: 8.17 (s, 1H, NH), 7.83 (d, J =

8.0 Hz, 2H, ArH), 7.45-7.35 (m, 2H, ArH), 7.26-7.24 (m, 3H, ArH), 7.17-7.11 (m, 5H, ArH),
6.86-6.81 (m, 2H, ArH), 6.77-6.73 (m, 2H, ArH), 6.71-6.67 (m, 1H, ArH), 6.38 (d, J = 7.2 Hz, 1H,
ArH), 6.34 (d, J = 7.6 Hz, 1H, ArH), 6.28-6.20 (m, 1H, ArH), 4.98 (d, J = 7.2 Hz, 1H, CH), 4.82
(dd, J1= 12.0 Hz, Jo= 5.6 Hz, 1H, CH), 4.61 (t, J = 16.0 Hz, 1H, CH), 451 (t, J = 16.0 Hz, 1H,
CH), 3.47 (t, J = 16.0 Hz, 1H, CH), 3.37-3.30 (m, 1H, CH), 2.41 (s, 3H, CHs); 3C NMR (400
MHz, CDCls) 5: 198.5, 177.6, 159.7 (d, J = 11.0 Hz), 157.3 (d, J = 10.9 Hz), 144.5 (d, J = 2.6 Hz),
139.7 (d, J = 11.7 Hz), 138.4 (d, J = 16.2 Hz), 136.6, 134.9, 133.3, 133.2, 133.1, 132.2 (d, J = 11.8
Hz), 130.6, 129.7, 129.4, 128.9, 128.8 (d, J = 10.2 Hz), 128.5, 127.4 (d, J = 9.8 Hz), 127.2, 126.6,
126.4 (d, J = 9.2 Hz), 121.9 (d, J = 22.0 Hz), 119.9 (d, J = 21.8 Hz), 119.3 (d, J = 21.8 Hz), 114.3
(d, J = 11.5 Hz), 114.1 (d, J = 11.2 Hz), 113.7 (d, J = 8.3 Hz), 113.4 (d, J = 7.8 Hz), 110.9, 109.6
(d, J = 5.9 Hz), 109.5 (d, J = 10.6 Hz), 56.3, 49.4, 48.6, 43.9, 25.3, 21.7; IR(KBr) v: 3299, 3217,
3166, 3031, 2973, 2855, 2814, 2168, 1859, 1643, 1600, 1578, 1463, 1354, 1280, 1167, 1139, 983,
955, 883, 755 cml; MS (m/z): HRMS (ESI) Calcd. for CaoHaCIFN20; ([M+Na]*): 647.1872,

found: 647.1860.
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1'-Benzyl-4-(3-chlorophenyl)-5'-fluoro-2-(4-methylbenzoyl)-1,2,4,9-tetrahydrospiro[carbazol
e-3,3'-indolin]-2'-one (1f°):

purple solid, 5%, m.p. 212-214°C; 'H NMR (400 MHz, CDCls) 8: 7.99 (s, 1H, NH), 7.73 (d, J =
8.0 Hz, 2H, ArH), 7.32-7.30 (m, 2H, ArH), 7.28-7.25 (m, 2H, ArH), 7.21 (t, J = 8.0 Hz, 3H, ArH),
7.12-7.06 (m, 5H, ArH), 6.93 (t, J = 8.0 Hz, 1H, ArH), 6.89-6.86 (m, 1H, ArH), 6.85-6.76 (m, 3H,
ArH), 6.61 (dd, J; = 8.4 Hz, J, = 4.4 Hz, 1H, ArH), 4.94 (d, J = 15.6 Hz, 1H, CH), 4.67 (s, 1H,
CH), 4.57 (d, J = 8.8 Hz, 1H, CH), 4.53 (d, J = 10.0 Hz, 1H, CHy), 3.75 (dd, J, = 16.8 Hz, J, = 6.4
Hz, 1H, CH), 3.11 (dd, J; = 16.8 Hz, J, = 8.4 Hz, 1H, CH), 2.38 (s, 3H, CHa); 13C NMR (400
MHz, CDCls) §: 199.1, 176.1, 160.0, 157.6, 144.4, 141.5, 138.6, 138.6, 136.7, 135.6, 133.7, 133.5,
131.9, 129.9, 129.4, 129.0, 128.7, 128.6, 128.2, 127.5, 127.4, 127.3, 126.6, 121.8, 119.4, 118.9,
114.2 (d, J = 23.4 Hz), 112.8 (d, J = 25.9 Hz),, 110.8, 109.6, 109.3 (d, J = 8.1 Hz), 54.3, 47.1, 44.0,
43.9, 24.7, 21.6; IR(KBr) v: 3330, 3300, 3259, 3146, 3083, 2958, 2878, 2842, 2174, 1863, 1625,
1617, 1542, 1438, 1334, 1255, 1157, 1119, 983, 917, 862, 781 cm; MS (m/z): HRMS (ESI)

Calcd. for CsoH3oCIFN202 ([M+Na]*): 647.1872, found: 647.1861.
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1'-benzyl-2-(4-methylbenzoyl)-4-(4-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,3'-indol
in]-2'-one (19):

purple solid, 54%, m.p. 198-201°C; *H NMR (400 MHz, CDCls) &: 8.22 (s, 1H, NH), 7.90 (dd, J1
=8.4Hz, J, =24 Hz 1H, ArH), 7.84 (d, J = 8.0 Hz, 2H, ArH), 7.55 (dd, J. = 8.4 Hz, J, = 2.4 Hz,
1H, ArH), 7.46 (d, J = 8.0 Hz, 1H, ArH), 7.38 (d, J = 8.0 Hz, 1H, ArH), 7.27-7.26 (m, 2H, ArH),
7.19 (t, J = 7.2 Hz, 1H, ArH), 7.13-7.09 (m, 4H, ArH), 7.05 (d, J = 7.6 Hz, 1H, ArH), 6.86 (d, J =
7.6 Hz, 1H, ArH), 6.82 (t, J = 7.6 Hz, 3H, ArH), 6.54 (d, J = 8.8 Hz, 1H, ArH), 6.42 (d, J = 5.6 Hz,
1H, ArH), 6.24 (d, J = 8.0 Hz, 1H, ArH), 5.11 (s, 1H, CH), 4.84 (dd, J1: = 12.4 Hz, J, = 5.6 Hz, 1H,
CH), 4.55-4.54 (m, 2H, CH,), 3.60-3.53 (m, 1H, CH), 3.36 (dd, J1 = 16.8 Hz, J, = 5.6 Hz, 1H,
CH), 2.42 (s, 3H, CHs); *C NMR (400 MHz, CDCls) &: 198.2, 177.4, 146.8, 144.4, 143.3, 136.5,
135.1, 133.4, 132.9, 131.4, 130.7, 129.3, 128.8, 128.4, 128.3, 127.4, 127.0, 126.1, 125.5, 122.8,
122.0, 121.9, 121.5, 119.6, 119.5, 110.9, 109.1, 109.1, 55.8, 49.4, 48.3, 43.8, 25.5, 21.7; IR(KBr) v:
3300, 3270, 3217, 3148, 3043, 2967, 2831, 2800, 2169, 1855, 1637, 1600, 1549, 1434, 1338, 1267,

1138, 1171, 963, 955, 863, 754 cm’; MS (m/z): HRMS (ESI) Calcd. for CaoHaiN3O4 ([M+Na]*):

640.2207, found: 640.2196.
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1'-Benzyl-2-(4-methylbenzoyl)-4-(4-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,3'-indol
in]-2'-one (19°):
purple solid, 9%, m.p. 211-213°C; *H NMR (400 MHz, CDCls) é: 8.09 (s, 1H, NH), 7.89 (d, J =

7.6 Hz, 2H, ArH), 7.69 (d, J = 7.2 Hz, 2H, ArH), 7.29 (d, J = 7.6 Hz, 2H, ArH), 7.21-7.14 (m, 6H,
ArH), 7.13-7.09 (m, 3H, ArH), 6.94-6.89 (m, 3H, ArH), 6.84 (t, J = 7.2 Hz, 1H, ArH), 6.70 (t, J =
7.2 Hz, 1H, ArH), 6.58 (d, J = 7.2 Hz, 1H, ArH), 5.12 (s, 1H, CH), 4.87 (d, J = 15.6 Hz, 1H, CH),
452 (d, J = 15.6 Hz, 1H, CH), 4.39 (s, 1H, CH), 3.92-3.86 (m, 1H, CH), 3.11-3.06 (m, 1H, CH),
2.38 (s, 3H, CHs); 1*C NMR (400 MHz, CDCls) 6: 198.7, 175.9, 147.1, 146.8, 144.4, 142.6, 136.5,
135.5, 133.6, 132.3, 130.9, 129.4, 128.6, 128.5, 127.6, 127.2, 126.4, 125.0, 122.8, 122.7, 121.7,
119.4, 118.9, 110.8, 109.2, 109.0, 53.9, 46.3, 44.0, 43.7, 24.2, 21.6; IR(KBr) v: 3331, 3300, 3267,
3175, 3067, 2938, 2866, 2817, 2167, 1855, 1632, 1618, 1544, 1467, 1378, 1263, 1154, 1117, 963,
944, 869, 771 cm; MS (m/z): HRMS (ESI) Calcd. for C40H31N304 ([M+Na]*): 640.2207, found:

640.2200.
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1'-Benzyl-5'-chloro-2-(4-chlorobenzoyl)-4-(4-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-
3,3'-indolin]-2'-one (1h):

purple solid, 57%, m.p. 196-199°C; *H NMR (400 MHz, CDCls) &: 8.26 (s, 1H, NH), 7.92 (dd, J1
=8.4 Hz, J, =2.4 Hz, 1H, ArH), 7.86 (d, J = 8.8 Hz, 2H, ArH), 7.64 (dd, J; = 8.4 Hz, J, = 2.4 Hz,
1H, ArH), 7.44-7.40 (m, 4H, ArH), 7.23-7.12 (m, 4H, ArH), 7.07-7.05 (m, 2H, ArH), 6.87-6.81 (m,
3H, ArH), 6.61 (dd, J; = 8.8 Hz, J; = 1.6 Hz, 1H, ArH), 6.36 (d, J = 8.8 Hz, 1H, ArH), 6.26 (d, J =
8.0 Hz, 1H, ArH), 5.09 (s, 1H, CH), 4.78 (dd, J: = 12.4 Hz, J, = 5.6 Hz, 1H, CH), 4.54-4.53 (m,
2H, CHy), 3.54-3.46 (m, 1H, CH), 3.34 (dd, J; = 16.8 Hz, J, = 5.6 Hz, 1H, CH); 3C NMR (400
MHz, CDCls) 6: 197.4, 177.0, 147.0, 143.8, 142.0, 140.2, 136.6, 134.6, 133.9, 132.1, 131.2, 130.5,
130.1, 129.1, 129.1, 128.5, 128.4, 127.7, 127.5, 127.0, 125.9, 125.6, 123.0, 122.3, 121.8, 119.8,
119.7, 111.1, 110.0, 108.9, 55.8, 49.3, 48.5, 43.9, 25.3; IR(KBr) v: 3354, 3310, 3267, 3149, 3066,
2955, 2871, 2846, 2176, 1848, 1655, 1600, 1531, 1414, 1317, 1248, 1167, 1130, 992, 917, 867,

768 cm; MS (m/z): HRMS (ESI) Calcd. for CsgH27CloN3O4 ([M+Na]*): 694.1271, found:
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1'-Benzyl-5'-chloro-2-(4-chlorobenzoyl)-4-(3-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-
3,3'-indolin]-2-one (1i):
purple solid, 49%, m.p. 201-204 °C; 'H NMR (400 MHz, CDCls) &: 8.21 (s, 1H, NH), 7.99 (t, J =

8.0 Hz, 1H, ArH), 7.90-7.87 (m, 2H, ArH), 7.46-7.40 (m, 3H, ArH), 7.31-7.26 (m, 2H, ArH),
7.24-7.06 (m, 5H, ArH), 7.05-6.96 (m, 2H, ArH), 6.86-6.77 (m, 3H, ArH), 6.34-6.23 (m, 2H, ArH),
5.10 (d, J =9.6 Hz, 1H, CH), 4.85-4.78 (m, 1H, CH), 4.64-4.57 (m, 1H, CH), 4.48-4.41 (m, 1H,
CH), 3.57-3.49 (m, 1H, CH), 3.40-3.33 (m, 1H, CH); *C NMR (400 MHz, CDCls) &: 197.6, 177.1,
1475, 147.1, 142.1, 1417, 140.2, 138.5, 136.7, 136.3, 135.9, 134.6, 133.9, 132.3, 130.1, 129.1,
128.6, 128.5, 128.4, 128.3, 127.7, 127.6, 127.6, 127.4, 126.9, 126.7, 125.9, 125.7, 125.6, 125.0,
1245, 122.5, 122.3, 122.2, 122.1, 119.8, 119.8, 119.6, 119.2, 111.2, 111.1, 110.0, 109.9, 108.8,
55.8, 49.3, 48.5, 43.9, 25.2; IR(KBr) v: 3355, 3238, 3146, 3067, 2955, 2848, 2168, 1848, 1637,

1617, 1555, 1447, 1362, 1276, 1155, 1168, 966, 903, 855, 769 cm?; MS (m/z): HRMS (ESI)

Calcd. for C39H27CI2N304 ([M+Na]*):694.1271, found: 694.1255.
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1'-Benzyl-5'-chloro-2-(4-chlorobenzoyl)-4-(3-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-
3,3'-indolin]-2'-one (1i°):
purple solid, 6%, m.p. 216-219°C; *H NMR (400 MHz, CDCls) 6: 8.12-8.09 (m, 2H, NH), 7.94 (s,

1H, NH), 7.75 (d, J = 7.6 Hz, 2H, ArH), 7.41-7.35 (m, 5H, ArH), 7.29-7.26 (m, 2H, ArH),
7.18-7.12 (m, 5H, ArH), 6.94-6.88 (m, 2H, ArH), 6.75 (dd, J, = 19.2 Hz, J, = 7.6 Hz, 2H, ArH),
4.88 (d, J = 15.2 Hz, 1H, CH), 4.68 (s, 1H, CH), 4.59 (d, J = 15.2 Hz, 1H, CH), 4.56-4.53 (m, 1H,
CH), 3.72-3.66 (m, 1H, CH), 3.24-3.17 (m, 1H, CH); *C NMR (400 MHz, CDCls) &: 198.0, 175.8,
147.9, 141.7, 141.2, 140.1, 136.8, 135.9, 135.2, 134.1, 133.5, 131.8, 129.9, 129.1, 128.8, 128.3,
128.0, 127.8, 127.3, 126.2, 124.5, 124.5, 124.4, 122.5, 122.3, 119.8, 118.5, 111.1, 110.1, 109.0,
53.9, 47.1, 44.1, 44.0, 24.6 cml; IR(KB) v: 3341, 3278, 3166, 3048, 2966, 2849, 2158, 1871,
1671, 1643, 1522, 1458, 1331, 1268, 1148, 1137, 954, 913, 832, 767 cm’; MS (m/z): HRMS (ESI)

Calcd. for CsgH27Cl2N304 ([M+Na]*): 694.1271, found: 694.1256.
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1'-Benzyl-5'-chloro-2-(4-methoxybenzoyl)-4-(4-methoxyphenyl)-1,2,4,9-tetrahydrospiro[carb
azole-3,3'-indolin]-2'-one (1j):

purple solid, 65%, m.p. 189-192°C; *H NMR (400 MHz, CDCls) 5: 8.60 (d, J = 2.0 Hz, 1H, NH),
7.63 (d, J= 2.0 Hz, 1H, ArH), 7.48 (d, J = 7.6 Hz, 2H, ArH), 7.35 (t, J = 7.6 Hz, 2H, ArH), 7.28 (d,
J=7.6Hz, 1H, ArH), 7.20 (d, J = 8.4 Hz, 3H, ArH), 7.16-7.13 (m, 2H, ArH), 6.96 (dd, J; = 8.4 Hz,
J2 = 2.0 Hz, 1H, ArH), 6.78 (d, J = 8.8 Hz, 3H, ArH), 6.65 (d, J = 8.8 Hz, 2H, ArH), 6.57 (t, J =
8.8 Hz, 2H, ArH), 6.13 (d, J = 8.4 Hz, 1H, ArH), 5.81 (s, 1H, CH), 5.23 (d, J = 15.6 Hz, 1H, CH),
5.17-5.16 (m, 1H, CH), 5.16-5.14 (m, 2H, CH,), 3.79 (d, J = 15.6 Hz, 1H, CH), 3.78 (s, 3H,
OCHs), 3.72 (s, 3H, OCHz); 13C NMR (400 MHz, CDCls) &: 195.0, 177.6 (d, J = 8.0 Hz), 162.6,
159.6, 147.1, 141.6, 140.7, 135.6, 134.4, 132.9, 130.8, 130.1, 129.5, 129.4, 129.1, 128.8, 128.8,
128.7, 128.5, 127.9, 127.6, 127.5, 127.5, 127.2, 127.2, 125.8, 124.2, 113.6, 112.9, 110.3, 109.2,
67.4, 65.6, 60.9, 55.4, 55.1, 44.5, 44.3; IR(KBr) v: 3300, 3284, 3180, 3078, 2967, 2849, 2831,
2156, 1833, 1619, 1600, 1531, 1429, 1333, 1219, 1117, 1100, 955, 948, 860, 769 cm*; MS (m/z):

HRMS (ESI) Calcd. for Ca;Hs3CIN204 ([M+Na]*): 675.2021, found: 675.2008.
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1'-Benzyl-2'-o0x0-4-phenyl-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarbonitrile
(2a):
white solid, 51%, m.p. 201-204 °C; *H NMR (400 MHz, CDCls) &: 8.27 (s, 1H, NH), 7.52-7.46 (m,

3H, ArH), 7.43-7.38 (m, 4H, ArH), 7.35-7.28 (m, 5H, ArH), 7.20 (t, J =7.6 Hz, 1H, CH), 6.95-6.90
(m, 4H, ArH), 6.54 (d, J =8.0 Hz, 1H, CH), 5.14 (d, J =15.6 Hz, 1H, CH), 4.96 (d, J =15.6 Hz, 1H,
CH), 4.89 (s, 1H, CH), 4.10 (dd, J; = 16.4 Hz, J, = 2.4 Hz, 1H, CH), 2.96 (d, J = 16.4 Hz, 1H,
CH); 3C NMR (400 MHz, CDCls) &: 173.2, 136.6, 134.7, 133.6, 130.9, 129.4, 128.8, 128.0, 127.6,
125.0, 123.6, 122.7, 120.2, 120.1, 112.7, 111.0, 110.4, 106.9, 51.8, 47.6, 46.2, 44.7, 29.1; IR(KBr)
v: 3355, 3207, 3117, 3048, 2963, 2831, 2167, 1871, 1641, 1633, 1554, 1431, 1370, 1240, 1131,
1100, 972, 961, 881, 764 cm; MS (m/z): HRMS (ESI) Calcd. for CasHaNJO ([M+Na]*):

527.1842, found: 527.1849.
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1'-Benzyl-2'-o0x0-4-phenyl-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarbonitrile
(2a’):
white solid, 7%, m.p. 213-215°C; 'H NMR (400 MHz, CDCls) &: 8.03 (s, 1H, NH), 7.86 (d, J =

7.6 Hz, 1H, ArH), 7.66-7.63 (m, 1H, ArH), 7.55-7.46 (m, 3H, ArH), 7.37-7.33 (m, 5H, ArH),
7.31-7.28 (m, 2H, ArH), 7.19 (t, J = 7.6 Hz, 1H, ArH), 7.11 (t, J = 7.6 Hz, 1H, ArH), 6.86 (d, J =
7.6 Hz, 2H, ArH), 6.46 (d, J = 8.0 Hz, 1H, ArH), 5.51 (s, 1H, CH), 5.03 (d, J =15.6 Hz, 1H, CH),
4.90 (d, J =15.6 Hz, 1H, CH), 3.85 (dd, J; = 17.6 Hz, J, = 2.0 Hz, 1H, CH), 3.15 (d, J =17.6 Hz,
1H, CH); 3C NMR (400 MHz, CDCls) &: 172.6, 142.5, 136.5, 134.7, 134.6, 130.8, 129.2, 129.1,
128.9, 128.6, 127.9, 127.3, 126.6, 125.7, 124.5, 123.9, 122.2, 120.3, 119.7, 113.0, 112.9, 110.8,
110.1, 107.7, 50.6, 47.7, 45.7, 44.4, 29.3; IR(KBr) v: 3300, 3267, 3178, 3043, 2965, 2848, 2164,
1853, 1666, 1607, 1541, 1456, 1355, 1251, 1167, 1121, 969, 955, 870, 768 cm'l; MS (m/z):

HRMS (ESI) Calcd. for CasH2sN4O ([M+Na]*): 527.1842, found: 527.1846.
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1'-Benzyl-2'-oxo0-4-(p-tolyl)-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarbonitrile
(2b):
white solid, 62%, m.p. 195-198°C; *H NMR (400 MHz, CDCls) &: 8.04 (s, 1H, NH), 7.85 (d, J =

7.6 Hz, 1H, ArH), 7.55-7.52 (m, 1H, ArH), 7.37-7.27 (m, 8H, ArH), 7.19 (t, J = 7.6 Hz, 2H, ArH),
7.11 (t, I = 7.2 Hz, 1H, ArH), 6.87 (t, J = 8.4 Hz, 2H, ArH), 6.51 (d, J = 8.0 Hz, 1H, ArH), 5.47 (s,
1H, CH), 5.03 (d, J =15.6 Hz, 1H, CH), 4.90 (d, J =15.6 Hz, 1H, CH), 3.84 (dd, J, = 17.6 Hz, J, =
2.0 Hz, 1H, CH), 3.15 (d, J = 17.6 Hz, 1H, CH), 2.41 (s, 3H, CHs); *C NMR (400 MHz, CDCls)
8: 172.6, 142.5, 139.0, 136.5, 134.7, 131.5, 130.7, 129.3, 129.0, 128.9, 128.8, 127.9, 127.3, 126.7,
125.8, 124.5, 123.9, 122.2, 120.4, 119.7, 113.1, 110.7, 110.1, 108.0, 50.6, 47.8, 45.4, 44.4, 29.3,
21.3; IR(KBr) v: 3367, 3310, 3245, 3087, 2956, 2833, 2155, 1860, 1671, 1655, 1543, 1445, 1361,
1267, 1158, 1141, 955, 901, 868, 783 cm’; MS (m/z): HRMS (ESI) Calcd. for CasHisN.O

([M+Na]*): 541.1999, found: 541.2001.
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1'-Benzyl-2'-oxo0-4-(p-tolyl)-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarbonitrile

(2b%):

white solid, 10%, m.p. 205-208°C; *H NMR (400 MHz, CDCls) &: 8.00 (s, 1H, NH), 7.86 (d, J =
7.6 Hz, 1H, ArH), 7.55-7.52 (m, 1H, ArH), 7.37-7.33 (m, 5H, ArH), 7.31-7.27 (m, 3H, ArH),
7.27-7.25 (m, 1H, ArH), 7.19 (t, J = 7.6 Hz, 2H, ArH), 7.11 (t, J = 8.0 Hz, 1H, ArH), 6.87 (t, J =
8.8 Hz, 2H, ArH), 6.52 (d, J = 8.0 Hz, 1H, ArH), 5.47 (s, 1H, CH), 5.03 (d, J =15.6 Hz, 1H, CH),
4.90 (d, J =16.0 Hz, 1H, CH), 3.84 (dd, J; = 17.6 Hz, J, = 2.0 Hz, 1H, CH), 3.15 (d, J = 17.6 Hz,
1H, CH), 2.41 (s, 3H, CH3); C NMR (400 MHz, CDCls) &: 172.6, 142.5, 139.0, 136.5, 134.7,
131.5, 130.7, 129.2, 129.0, 128.9, 128.9, 127.9, 127.3, 126.7, 125.8, 124.4, 123.8, 122.2, 120.4,
119.7, 113.1, 112.9, 110.7, 110.1, 108.0, 50.6, 47.8, 45.4, 44.4, 29.3, 21.3; IR(KBr) v: 3343, 3245,
3171, 3067, 2955, 2848, 2161, 1843, 1643, 1618, 1565, 1455, 1348, 1231, 1155, 1131, 984, 922,

862, 755 cm; MS (m/z): HRMS (ESI) Calcd. for C3sHisN4O ([M+Na]*): 541.1999, found:
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1'-Benzyl-4-(4-fluorophenyl)-2*-oxo0-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicar
bonitrile (2¢):

white solid, 56%, m.p. 201-204 °C; *H NMR (400 MHz, CDCls) 8: 8.28 (s, 1H, NH), 7.52-7.50 (m,
1H, ArH), 7.41 (t, J = 7.6 Hz, 3H, ArH), 7.36-7.29 (m, 4H, ArH), 7.22 (t, J = 8.0 Hz, 1H, ArH),
7.15-7.14 (m, 1H, ArH), 7.06-7.04 (m, 1H, ArH), 6.96 (t, J = 8.0 Hz, 1H, ArH), 6.92-6.88 (m, 3H,
ArH), 6.55 (d, J = 8.0 Hz, 1H, ArH), 5.14 (d, J = 11.6 Hz, 1H, CH), 4.95 (d, J = 11.6 Hz, 1H, CH),
4.90 (s, 1H, CH), 4.09 (dd, J:= 16.8 Hz, Jo= 2.0 Hz, 1H, CH), 2.96 (d, J = 16.8 Hz, 1H, CH); 1*C
NMR (400 MHz, CDCls) ¢: 173.1, 143.2, 136.6, 134.6, 131.0, 130.6, 129.5, 129.4, 128.8, 128.0,
127.6, 125.1, 124.9, 123.6, 122.8, 120.2, 120.0, 112.6, 111.5, 111.2, 110.5, 106.6, 51.7, 46.9, 44.7,
29.6 (d, J =5.0 Hz), 1.0 (d, J = 4.0 Hz); IR (KBr) v: 3451, 3133, 3078, 3001, 2961, 1978, 1755,
1648, 1567, 1519, 1466, 1367, 1314, 1255, 1131, 970, 880, 783 cmt; MS (m/z): HRMS (ESI)

Calcd. for CasH23FN4O ([M+Na]*): 545.1748, found: 545.1746.
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1'-Benzyl-4-(4-fluorophenyl)-2*-oxo0-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicar
bonitrile (2¢°):

white solid, 8%, m.p. 215-218 °C; 'H NMR (400 MHz, CDCl5) &: 8.07 (s, 1H, NH), 7.84 (d, J =
7.6 Hz, 1H, ArH), 7.62-7.45 (m, 2H, ArH), 7.37-7.28 (m, 7H, ArH), 7.19 (t, J = 7.6 Hz, 1H, ArH),
7.11 (t, J = 7.6 Hz, 2H, ArH), 6.90-6.85 (m, 2H, ArH), 6.47 (d, J = 8.0 Hz, 1H, ArH), 5.51 (s, 1H,
CH), 5.01 (d, J=16.0 Hz, 1H, CH), 4.87 (d, J = 16.0 Hz, 1H, CH), 3.81 (dd, J; = 17.6 Hz, J,= 2.0
Hz, 1H, CH), 3.14 (d, J = 17.6 Hz, 1H, CH); 13C NMR (400 MHz, CDCls) &: 172.6, 164.5, 162.1,
142.5, 136.5, 134.6, 130.9, 130.4, 129.2, 128.9, 128.0, 127.2, 126.5, 125.5, 124.4, 124.0, 122.3,
120.1, 119.9, 115.5, 115.5, 112.9, 112.9, 111.0, 110.2, 107.4, 50.5, 47.7, 45.1, 44.4, 29.2; IR (KBr)
v: 3417, 3078, 2978, 1843, 1765, 1678, 1617, 1583, 1457, 1355, 1317, 1248, 1131, 970, 861, 788

cmt; MS (m/z): HRMS (ESI) Calcd. for CsaH23FN4O ([M+Na]*): 545.1748, found: 545.1745.
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1'-Benzyl-4-(4-nitrophenyl)-2'-oxo-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarb
onitrile (2d):

White solid, 56%, m.p. 191-194 °C; 'H NMR (400 MHz, CDCls) é: 8.63 (s, 1H, NH), 8.25 (dd, J:
=54.0Hz, J, = 5.2 Hz, 2H, ArH), 7.64 (dd, J1 = 54.0 Hz, J> = 4.0 Hz, 2H, ArH), 7.42-7.38 (m, 3H,
ArH), 7.32-7.27 (m, 4H, ArH), 7.21 (t, J = 8.0 Hz, 1H, ArH), 6.97-6.92 (m, 3H, ArH), 6.87 (d, J =
8.0 Hz, 1H, ArH), 6.45 (d, J = 8.0 Hz, 1H, ArH), 5.13 (d, J = 15.6 Hz, 1H, CH), 5.02 (s, 1H, CH),
4.93 (d, J = 15.6 Hz, 1H, CH), 4.08 (d, J = 17.2 Hz, 1H, CH), 3.04 (d, J = 16.8 Hz, 1H, CH); 13C
NMR (400 MHz, CDCls) 6: 172.9, 148.7, 143.2, 141.1, 136.7, 134.5, 131.8, 131.2, 131.0, 128.9,
128.0, 127.6, 124.8, 124.7, 124.5, 123.8, 123.7, 123.1, 120.5, 119.5, 112.3, 111.5, 111.2, 110.6,
109.9, 105.2, 51.6, 47.2, 45.7, 44.8, 29.6; IR (KBr) v: 3356, 3300, 3249, 3154, 3048, 2963, 1847,
1763, 1632, 1607, 1548, 1467, 1332, 1310, 1249, 1137, 959, 843 cm; MS (m/z): HRMS (ESI)

Calcd. for Cs2H29NO4 ([M+Na]*): 572.1693, found: 572.1690.
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1'-Benzyl-4-(4-nitrophenyl)-2'-oxo-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarb
onitrile (2d°):

White solid, 7%, m.p. 200-203 °C; *H NMR (400 MHz, CDCls) 6: 8.12 (s, 1H, NH), 7.84 (d, J =
7.6 Hz, 2H, ArH), 7.41-7.37 (m, 1H, ArH), 7.36-7.35 (m, 4H, ArH), 7.16 (t, J = 7.2 Hz, 1H, ArH),
6.92-6.88 (m, 2H, ArH), 6.39 (d, J = 8.0 Hz, 1H, ArH), 5.66 (s, 1H, CH), 5.04 (d, J = 15.6 Hz, 1H,
CH), 4.92 (d, J = 15.6 Hz, 1H, CH), 3.87 (dd, J1= 17.6 Hz, J>= 2.0 Hz, 1H, CH), 3.22 (d, J = 17.6
Hz, 1H, CH); 3C NMR (400 MHz, CDCls) &: 172.3, 148.5, 142.5, 142.0, 136.5, 134.5, 131.1,
129.5, 128.9, 128.0, 127.2, 126.2, 125.1, 124.4, 124.1, 123.7, 122.6, 120.2, 119.7, 112.4, 111.1,
110.3, 106.3, 50.4, 47.0, 45.5, 44.4, 29.2; IR (KBr) v: 3418, 3240, 3179, 3054, 3004, 2976, 1857,
1767, 1648, 1638, 1564, 1433, 1378, 1334, 1258, 1165, 944, 831, 767 cm; MS (m/z): HRMS

(ESI) Calcd. for CaHasNO4 ([M+Na]*): 572.1693, found: 572.1692.
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3-((2-Azanylidene)-3-methyl)-1'-benzyl-2'-oxo0-4-(o-tolyl)-1,3,4,9-tetrahydrospiro[carbazole-2
,3'-indoline]-3-carbonitrile (2e):
white solid, 57%, m.p. 187-190°C; *H NMR (400 MHz, CDCls) &: 8.32 (s, 1H, NH), 7.49 (d, J =

8.0 Hz, 1H, ArH), 7.41 (d, J = 6.8 Hz, 2H, ArH), 7.37-7.34 (m, 2H, ArH), 7.33-7.25 (m, 5H, ArH),
7.20-7.16 (m, 2H, ArH), 7.01 (d, J = 7.2 Hz, 1H, ArH), 6.96 (d, J = 7.6 Hz, 1H, ArH), 6.93-6.88
(m, 2H, ArH), 6.32 (d, J = 8.0 Hz, 1H, ArH), 5.47 (s, 1H, CH), 5.14 (d, J = 15.6 Hz, 1H, CH), 4.93
(d, J = 15.6 Hz, 1H, CH), 4.12 (dd, J; = 16.8 Hz, J, = 2.0 Hz, 1H, CH), 2.98 (d, J = 16.8 Hz, 1H,
CH), 2.43 (s, 3H, CHs); *C NMR (400 MHz, CDCls) &: 173.2, 143.3, 137.4, 136.7, 134.6, 132.0,
131.3, 130.9, 130.9, 130.2, 129.0, 128.8, 128.0, 127.6, 126.4, 125.4, 125.1, 125.0, 123.6, 122.6,
120.0, 119.8, 112.9, 112.0, 111.1, 110.5, 107.9, 52.2, 44.8, 44.8, 41.5, 29.1, 19.9; IR(KBTr) v: 3300,
3248, 3167, 2932, 2847, 2166, 1841, 1638, 1628, 1531, 1466, 1354, 1218, 1168, 1131, 955, 834,
789 cm*; MS (m/z): HRMS (ESI) Calcd. for MS (m/z): HRMS (ESI) Calcd. for CssH16N4O

(IM+Na]*):541.1999, found: 541.1989.
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1'-Benzyl-2'-o0x0-4-(0-tolyl)-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1H)-dicarbonitrile
(2e”):
white solid, 7%, m.p. 196-199°C; 'H NMR (400 MHz, CDCls) &: 8.00 (s, 1H, NH), 7.89 (d, J =

7.6 Hz, 1H, ArH), 7.53 (d, J = 7.6 Hz, 1H, ArH), 7.38-7.33 (m, 6H, ArH), 7.31-7.28 (m, 2H, ArH),
7.20 (t, J = 7.6 Hz, 2H, ArH), 7.09 (t, J = 7.6 Hz, 1H, ArH), 6.82 (t, J = 7.6 Hz, 1H, ArH), 6.28 (d,
J=8.0 Hz, 1H, ArH), 6.10 (s, 1H, CH), 5.07 (d, J= 15.6 Hz, 1H, CH), 4.90 (d, J =16.0 Hz, 1H,
CH), 3.87 (d, J =16.4 Hz, 1H, CH), 3.18 (d, J =17.6 Hz, 1H, CH), 2.63 (s, 3H, CHs); 13C NMR
(400 MHz, CDCls) §: 172.9, 142.5, 138.0, 136.5, 134.7, 132.9, 131.0, 131.0, 130.8, 129.0, 128.9,
128.9, 128.8, 127.9, 127.4, 126.6, 126.2, 125.8, 1245, 123.9, 122.1, 120.0, 119.7, 113.4, 110.7,
110.0, 108.9, 50.8, 46.5, 44.4, 39.5, 29.3, 20.1; IR(KBr) v: 3289, 3231, 3178, 3055, 2948, 2867,
2148, 1855, 1648, 1637, 1546, 1417, 1376, 1236, 1138, 1137, 937, 948, 845, 736 cm'’; MS (m/z):

HRMS (ESI) Calcd. for CasH16N4O ([M+Na]*): 541.1999, found: 541.1990.
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1'-Butyl-5'-chloro-4-(2-methoxyphenyl)-2*-oxo0-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(
1H)-dicarbonitrile (2f):

white solid, 58%, m.p. 190-193°C; *H NMR (400 MHz, CDCls) &: 7.98 (s, 1H, NH), 7.81 (d, J =
2.0 Hz, 1H, ArH), 7.45-7.38 (m, 3H, ArH), 7.29 (d, J = 8.0 Hz, 1H, ArH), 7.10 (t, J = 8.0 Hz, 1H,
ArH), 7.04 (d, J = 8.0 Hz, 1H, ArH), 6.95 (t, J = 7.6 Hz, 1H, ArH), 6.91 (d, J = 8.8 Hz, 1H, ArH),
6.85 (t, J = 7.6 Hz, 1H, ArH), 6.49 (d, J = 8.4 Hz, 1H, ArH), 6.23 (s, 1H, CH), 3.93-3.90 (m, 1H,
CH), 3.88 (s, 3H, OCHs), 3.79 (dd, J; =17.2 Hz, J, =2.0 Hz, 1H, CH), 3.66-3.60 (m, 1H, CH),
3.11 (d, J = 17.6 Hz, 1H, CH), 1.74-1.66 (m, 2H, CH,), 1.49-1.42 (m, 2H, CHy), 0.97 (t, J = 7.2
Hz, 3H, CHa); 3C NMR (400 MHz, CDCls) &: 172.2, 140.4, 136.5, 135.2, 133.4, 133.3, 132.0,
131.2, 129.5, 128.9, 128.9, 128.8, 126.6, 125.5, 125.1, 122.2, 120.1, 119.8, 112.8, 112.5, 110.8,
109.1, 107.1, 50.3, 47.6, 45.1, 40.3, 29.3, 28.9, 21.2, 20.2, 13.6; IR(KBr) v: 3300, 3278, 3158,
3033, 2967, 2856, 2148, 1940, 1654, 1600, 1548, 1417, 1343, 1243, 1155, 1127, 945, 855, 748

cmrl; MS (m/z): HRMS (ESI) Calcd. for Ca2H27CIN4O, ([M+Na]*): 557.1715, found: 557.1705.
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1'-Butyl-4-(4-chlorophenyl)-5'-methyl-2*-0x0-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1
H)-dicarbonitrile (2g):

white solid, 54%, m.p. 186-189°C; H NMR (400 MHz, CDCls) 5: 8.40 (s, 1H, NH), 7.47-7.43 (m,
2H, ArH), 7.41 (d, J = 8.4 Hz, 1H, ArH), 7.34-7.33 (m, 2H, ArH), 7.24-7.19 (m, 2H, ArH), 6.95
(dd, J; = 18.0 Hz, J, = 8.0 Hz, 2H, ArH), 6.70-6.69 (m, 1H, ArH), 6.55 (d, J = 8.0 Hz, 1H, ArH),
4.84 (d, J = 1.2 Hz, 1H, CH), 3.99 (dd, J; = 17.2 Hz, J, = 2.0 Hz, 1H, CH), 3.92 (g, J = 7.2 Hz, 1H,
CH), 3.71-3.63 (m, 1H, CH), 2.93 (d, J = 17.2 Hz, 1H, CH), 2.18 (s, 3H, CHs), 1.78-1.70 (m, 2H,
CHy), 1.48-1.42 (m, 2H, CHy), 0.96 (t, J = 7.2 Hz, 3H, CHa); 3C NMR (400 MHz, CDCls)
172.7, 141.1, 136.7, 135.4, 133.2, 132.3, 131.4, 130.9, 125.4, 125.2, 125.1, 122.6, 120.1, 120.0,
112.4, 111.6, 111.2, 109.4, 105.9, 51.6, 46.8, 46.3, 40.6, 29.3, 28.6, 21.2, 20.2, 13.6; IR(KBI) v:
3300, 3259, 3167, 3017, 2955, 2837, 2148, 1865, 1681, 1631, 1548, 1467, 1355, 1248, 1131, 1101,

947, 902, 846 cm; MS (m/z): HRMS (ESI) Calcd. for C32H27CIN4O ([M+Na]*): 541.1766, found:
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1'-Butyl-4-(4-chlorophenyl)-5'-methyl-2*-0x0-4,9-dihydrospiro[carbazole-2,3'-indoline]-3,3(1
H)-dicarbonitrile (2g9°):

white solid, 6%, m.p. 193-197 °C; *H NMR (400 MHz, CDCl3) &: 8.09 (s, 1H, NH), 7.70-7.59 (m,
2H, ArH), 7.48-7.37 (m, 3H, ArH), 7.29 (t, J = 8.4 Hz, 2H, ArH), 7.11 (t, J = 8.0 Hz, 1H, ArH),
6.88 (t, J = 8.0 Hz, 2H, ArH), 6.47 (d, J = 8.0 Hz, 1H, ArH), 5.45 (s, 1H, CH), 3.84-3.75 (m, 2H,
CH3), 3.64 (g, J = 7.2 Hz, 1H, CH), 3.10 (d, J = 17.6 Hz, 1H, CH), 2.40 (s, 3H, CHs), 1.71 (t, J =
7.2 Hz, 2H, CHy), 1.43-1.41 (m, 2H, CHy), 0.96 (t, J = 7.2 Hz, 3H, CHs); *C NMR (400 MHz,
CDCls) §: 172.2, 140.4, 136.5, 135.2, 133.5, 133.3, 131.2, 129.5, 128.9, 128.8, 126.6, 125.5, 125.1,
122.3,120.1, 119.8, 112.8, 112.5, 110.8, 109.1, 107.1, 50.3, 47.6, 45.1, 40.3, 29.3, 28.9, 21.2, 20.2,
13.6; IR(KBr) v: 3300, 3248, 3170, 3049, 2966, 2849, 2170, 1864, 1654, 1600, 1560, 1455, 1348,
1267, 1131, 1100, 970, 917, 855 cmt; MS (m/z): HRMS (ESI) Calcd. for CaHarCINO ([M+Na]*):

541.1766, found: 541.1765.
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1',3'-Dimethyl-2,4-di-p-tolyl-2'H-spiro[carbazole-3,5'-pyrimidine]-2',4',6*(1'H,3"'H)-trione
(3a):

yellow solid, 75%, m.p. 190-192 °C; *H NMR (400 MHz, CDCls) &: 7.59 (d, J = 7.6 Hz, 1H, ArH),
7.35-7.30 (m, 4H, ArH), 7.25-7.17 (m, 2H, ArH), 7.04 (s, 1H, ArH), 6.96-6.91 (m, 4H, ArH), 6.35
(d, J = 7.6 Hz, 1H, CH), 3.10 (s, 3H, CHs), 3.07 (s, 3H, CH3), 2.37 (s, 3H, CHa), 2.34 (s, 3H, CHa);
13C NMR (400 MHz, CDCls) &: 165.3, 162.7, 157.9, 149.7, 149.0, 147.3, 142.6, 139.1, 138.7,
137.1, 136.0, 133.7, 130.6, 130.3, 130.0, 129.1, 128.7, 128.3, 128.0, 126.3, 126.1, 125.5, 124.7,
124.2,123.1, 120.8, 29.6, 28.8, 21.4, 21.3; IR (KBr) v: 3219, 3158, 3043, 2966, 2900, 1843, 1755,
1648, 1617, 1537, 1466, 1358, 1318, 1266, 1150, 987, 899, 765 cm?; MS (m/z): HRMS (ESI)

Calcd. for Cs1H2sN303 ([M+Na]*): 510.1788, found: 510.1788.
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2,4-Bis(3-chlorophenyl)-1',3'-dimethyl-2'H-spiro[carbazole-3,5'-pyrimidine]-2',4",6"(1'H,3'"H)
-trione (3b):

yellow solid, 67%, m.p. 194-197 °C; *H NMR (400 MHz, CDCls) &: 7.62 (d, J = 8.0 Hz, 1H, ArH),
7.53-7.50 (m, 1H, ArH), 7.44 (t, J = 8.0 Hz, 1H, ArH), 7.36 (t, J = 8.0 Hz, 2H, ArH), 7.30 (t, J =
8.0 Hz, 1H, ArH), 7.28-7.27 (m, 1H, ArH), 7.20-7.18 (m, 2H, ArH), 7.06 (t, J = 7.6 Hz, 2H, ArH),
6.98 (t, J = 7.6 Hz, 1H, ArH), 6.36 (d, J = 8.0 Hz, 1H, CH), 3.16 (s, 3H, CHs3), 3.09 (s, 3H, CH3);
13C NMR (400 MHz, CDCls) &: 164.8, 162.0, 157.9, 149.3, 145.2, 139.9, 138.6, 136.6, 135.4,
135.3, 134.9, 130.8, 130.7, 130.2, 130.2, 129.5, 127.9, 127.8, 127.0, 126.1, 126.0, 125.8, 125.7,
123.1,121.2, 66.0, 29.0; IR (KBr) v: 3255, 3175, 3048, 2978, 1876, 1756, 1667, 1601, 1556, 1478,
1362, 1258, 1217, 1180, 964, 832, 745 cm; MS (m/z): HRMS (ESI) Calcd. for C2gH19CI2N3O3

([M+Na]*): 550.0696, found: 550.0692.
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1',3'-Dimethyl-2,4-bis(3-nitrophenyl)-2'H-spiro[carbazole-3,5'-pyrimidine]-2',4',6'(1'H,3'"H)-
trione (3c):

yellow solid, 58%, m.p. 200-203 °C; *H NMR (400 MHz, CDCls) &: 8.42 (d, J = 8.0 Hz, 1H, ArH),
8.27 (d, J = 8.0 Hz, 1H, ArH), 8.07-8.05 (m, 2H, ArH), 7.75 (t, = 8.0 Hz, 1H, ArH), 7.66-7.56 (m,
4H, ArH), 7.42-7.37 (m, 2H, ArH), 6.97 (t, J = 8.0 Hz, 1H, ArH), 6.23 (d, J = 7.2 Hz, 1H, CH),
3.19 (s, 3H, CHs), 3.08 (s, 3H, CHa); *C NMR (400 MHz, CDCls) &: 161.5, 157.9, 148.9, 148.6,
148.2, 143.8, 138.3, 138.2, 137.2, 135.1, 134.6, 134.1, 131.4, 130.8, 130.4, 127.9, 126.4, 125.4,
125.0, 124.3, 122.9, 122.8, 122.1, 121.7, 65.7, 29.2, 29.1; IR (KBr) v: 3217, 3167, 3005, 2967,
1945, 1832, 1746, 1676, 1523, 1411, 1348, 1234, 1221, 1167, 969, 848, 772 cm*; MS (m/z):

HRMS (ESI) Calcd. for CasH1oNsO7 ([M+Na]*): 572.1177, found: 572.1172.
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1',3'-Dimethyl-2,4-diphenyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5'-pyrimidine]-2°,4°,6°(
1'H,3'H)-trione (4a):

purple solid, 82%, m.p. 205-208 °C; *H NMR (400 MHz, CDCls) &: 8.02 (s, 1H, NH), 7.30-7.27
(m, 2H, ArH), 7.25-7.24 (m, 2H, ArH), 7.24-7.22 (m, 2H, ArH), 7.19-7.15 (m, 3H, ArH),
7.15-7.10 (m, 1H, ArH), 7.06 (t, J = 7.2 Hz, 1H, ArH), 6.94 (d, J = 7.2 Hz, 1H, ArH), 6.80 (t, J =
8.0 Hz, 1H, ArH), 6.41 (d, J = 8.0 Hz, 1H, ArH), 5.24 (s, 1H, CH), 4.13 (dd, J;= 12.0 Hz, J,= 5.6
Hz, 1H, CH), 3.90-3.82 (m, 1H, CH), 3.05 (dd, Ji1= 16.4 Hz, J,= 5.6 Hz, 1H, CH), 2.97 (s, 3H,
CHs), 2.81 (s, 3H, CHs); **C NMR (400 MHz, CDCls) &: 171.7, 167.8, 150.0, 138.9, 137.2, 136.0,
134.6, 129.3, 128.9, 128.7, 128.2, 128.2, 128.1, 128.1, 128.1, 126.3, 121.0, 119.7, 118.9, 110.6,
107.5, 62.5, 51.1, 48.2, 28.3, 27.8, 27.7; IR (KBr) v: 3407, 3078, 2981, 1873, 1744, 1658, 1667,
1582, 1466, 1356, 1321, 1221, 1180, 912, 833 cm; MS (m/z): HRMS (ESI) Calcd. for

C29H25N303 ([M+Na]*): 486.1788, found: 486.1794.
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1',3'-Dimethyl-2,4-di-p-tolyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5-pyrimidine]-2*,4",6*(
1'H,3'H)-trione (4b):

purple solid, 80%, m.p. 206-209 °C; 'H NMR (400 MHz, CDCls) &: 7.99 (s, 1H, NH), 7.28 (d, J =
8.4 Hz, 1H, ArH), 7.07-7.03 (m, 7H, ArH), 6.92 (d, J = 8.0 Hz, 1H, ArH), 6.82-6.78 (m, 2H, ArH),
6.43 (d, J = 8.0 Hz, 1H, ArH), 5.19 (s, 1H, CH), 4.09 (dd, J;= 12.0 Hz, J,= 5.6 Hz, 1H, CH),
3.87-3.79 (m, 1H, CH), 3.00 (dd, J;= 16.8 Hz, J.= 5.6 Hz, 1H, CH), 2.98 (s, 3H, CHs), 2.82 (s, 3H,
CHs), 2.29 (s, 3H, CHs), 2.28 (s, 3H, CH3); *3C NMR (400 MHz, CDCls) &: 171.9, 167.9, 150.2,
137.7, 137.6, 136.0, 135.9, 134.6, 134.0, 129.4, 129.0, 128.9, 128.8, 128.7, 128.1, 126.3, 120.9,
119.7, 118.8, 110.5, 107.7, 62.6, 50.8, 47.7, 28.3, 27.9, 27.7, 21.1, 21.0; IR (KBr) v: 3464, 3087,
2967, 1866, 1753, 1662, 1631, 1583, 1462, 1355, 1317, 1280, 1175, 961, 870 cm?; MS (m/z):

HRMS (ESI) Calcd. for CaiH2oN3O3 ([M+Na]*): 514.2101, found: 514.2106.
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1',3'-Dimethyl-2,4-di-o-tolyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5-pyrimidine]-2*,4",6*(
1'H,3'H)-trione (4c):

purple solid, 75%, m.p. 212-214 °C; *H NMR (400 MHz, CDCl3) &: 8.01 (s, 1H, NH), 7.27 (d, J =
8.4 Hz, 1H, ArH), 7.20-7.13 (m, 3H, ArH), 7.13-7.09 (m, 2H, ArH), 7.06 (d, J = 7.2 Hz, 1H, ArH),
7.03 (t, J = 7.2 Hz, 1H, ArH), 6.96 (t, J = 7.2 Hz, 1H, ArH), 6.88 (d, J = 7.2 Hz, 1H, ArH), 6.73 (,
J=7.2Hz, 1H, ArH), 6.12 (d, J = 8.0 Hz, 1H, ArH), 5.47 (s, 1H, CH), 4.57 (dd, J1= 12.0 Hz, J,=
5.6 Hz, 1H, CH), 3.84-3.76 (m, 1H, CH), 3.04 (d, J = 5.6 Hz, 1H, CH), 3.01 (s, 3H, CHs), 2.93 (s,
3H, CH3), 2.48 (s, 3H, CHa), 2.37 (s, 3H, CH3); 3C NMR (400 MHz, CDCl3) &: 171.2, 169.1,
150.3, 139.0, 137.1, 136.4, 136.0, 135.2, 135.1, 131.2, 130.7, 129.9, 128.0, 127.4, 126.7, 126.4,
125.6, 125.4, 121.1, 119.1, 119.1, 110.6, 108.5, 60.0, 48.3, 43.2, 29.5, 28.6, 28.1, 19.9, 19.5; IR
(KBr) v: 3466, 3010, 2953, 1937, 1841, 1678, 1655, 1572, 1469, 1361, 1310, 1255, 1169, 987,

863 cm*; MS (m/z): HRMS (ESI) Calcd. for C31H29N303 ([M+Na]*): 514.2101, found: 514.2107.
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2,4-Bis(4-methoxyphenyl)-1',3'-dimethyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5'-pyrimi
dine]-2",4*,6'(1'H,3'"H)-trione (4d):

purple solid, 78%, m.p. 213-215 °C; *H NMR (400 MHz, CDCls) &: 8.01 (s, 1H, NH), 7.28 (d, J =
8.0 Hz, 1H, ArH), 7.10-7.04 (m, 4H, ArH), 6.85 (d, J = 8.8 Hz, 1H, ArH), 6.81 (d, J = 8.0 Hz, 1H,
ArH), 6.78-6.76 (m, 3H, ArH), 6.45 (dd, J; = 8.8 Hz, J, = 2.0 Hz, 1H, ArH), 6.43 (d, J = 8.0 Hz,
1H, ArH), 5.17 (s, 1H, CH), 4.07 (dd, J; = 12.0 Hz, J» = 5.6 Hz, 1H, CH), 3.81 (d, J = 15.6 Hz, 1H,
CH), 3.76 (s, 3H, OCH3), 3.75 (s, 3H, OCHs3), 3.05 (s, 3H, CHs), 2.97 (d, J = 5.6 Hz, 1H, CH),
2.85 (s, 3H, CHs); 1*C NMR (400 MHz, CDCls) 6: 172.0, 168.0, 159.1, 159.1, 150.1, 136.0, 134.5,
130.8, 130.4, 129.9, 129.3, 129.1, 126.3, 120.9, 119.7, 118.9, 114.0, 113.7, 113.1, 110.5, 107.8,
62.9, 55.1, 55.1, 50.3, 47.3, 28.3, 28.0, 27.7; IR (KBr) v: 3439, 3078, 2988, 1967, 1854, 1676,
1631, 1542, 1453, 1361, 1349, 1255, 1167, 987, 869 cm’; MS (m/z): HRMS (ESI) Calcd. for

Cs1H29N30s ([M+Na]*): 546.1999, found: 546.2001.
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2,4-Bis(3-methoxyphenyl)-1',3'-dimethyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5-pyrimi
dine]-2',4',6'(1'H,3'H)-trione (4e):

purple solid, 70%, m.p. 215-217 °C; *H NMR (400 MHz, CDCls) &: 8.00 (s, 1H, NH), 7.28 (d, J =
8.4 Hz, 1H, ArH), 7.23-7.16 (m, 2H, ArH), 7.05-7.01 (m, 2H, ArH), 6.85 (d, J = 8.4 Hz, 2H, ArH),
6.82-6.75 (m, 3H, ArH), 6.72 (t, J = 7.6 Hz, 1H, ArH), 6.38 (d, J = 8.0 Hz, 1H, ArH), 5.62 (s, 1H,
CH), 4.83 (dd, J; = 12.4 Hz, J, = 5.6 Hz, 1H, CH), 3.81 (s, 3H, OCHs3), 3.77 (s, 3H, OCHy),
3.77-3.72 (m, 1H, CH), 3.04-2.99 (m, 1H, CH), 2.99 (s, 3H, CHs), 2.84 (s, 3H, CH3); 3C NMR
(400 MHz, CDCl3) &: 170.7, 169.1, 157.1, 157.0, 150.8, 136.0, 135.9, 131.5, 129.1, 128.9, 128.4,
127.1, 126.5, 125.3, 120.8, 120.8, 120.0, 119.5, 118.8, 111.3, 110.4, 109.9, 109.9, 107.8, 59.3,
55.7, 55.3, 44.0, 28.4, 28.3, 27.7; IR (KBr) v: 3417, 3083, 2990, 1871, 1743, 1645, 1631, 1581,
1467, 1355, 1371, 1283, 1145, 879, 786 cm™; MS (m/z): HRMS (ESI) Calcd. for CaHaoN3Os

([M+Na]*): 546.1999, found: 546.1992.
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2,4-Bis(4-chlorophenyl)-1*,3'-dimethyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5'-pyrimidi

nel]-2',4',6'(1'H,3'H)-trione (4f):

purple solid, 75%, m.p. 203-205 °C; *H NMR (400 MHz, CDCls) &: 8.07 (s, 1H, NH), 7.30 (d, J =

8.0 Hz, 1H, ArH), 7.28-7.25 (m, 1H, ArH), 7.25-7.23 (m, 1H, ArH), 7.23-7.22 (m, 1H, ArH), 7.09

(d, J = 8.4 Hz, 5H, ArH), 6.87 (dd, J. = 8.4 Hz, J, = 2.0 Hz, 1H, ArH), 6.83 (t, J = 7.6 Hz, 1H,

ArH), 6.38 (d, J = 8.0 Hz, 1H, ArH), 5.20 (s, 1H, CH), 4.09 (dd, J; = 12.0 Hz, J, = 5.2 Hz, 1H,

CH), 3.82-3.71 (m, 2H, CH>), 3.02 (s, 3H, CH3), 2.85 (s, 3H, CHs): 3C NMR (400 MHz, CDCls)

0:171.4, 167.5, 149.7, 137.1, 136.0, 135.7, 134.3, 134.1, 134.0, 130.7, 130.1, 129.6, 129.0, 128.5,

128.4, 125.9, 121.3, 119.5, 119.2, 110.7, 106.9, 62.1, 50.3, 47.5, 28.5, 27.8, 27.7; IR (KBr) v:

3304, 3113, 3081, 2967, 1746, 1655, 1613, 1569, 1482, 1366, 1312, 1276, 1158, 944, 863 cm;

MS (m/z): HRMS (ESI) Calcd. for C2gH23CIoN3O3 ([M+Na]*): 554.1009, found: 554.1001.
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2,4-Bis(3-chlorophenyl)-1*,3'-dimethyl-1,2,4,9-tetrahydro-2'H-spiro[carbazole-3,5'-pyrimidi
nel]-2',4',6'(1'H,3'H)-trione (4g):

purple solid, 67%, m.p. 211-213 °C; 'H NMR (400 MHz, CDCls) &: 8.07 (s, 1H, NH), 7.42 (t, J =
7.6 Hz, 2H, ArH), 7.28 (d, J = 8.4 Hz, 1H, ArH), 7.24-7.20 (m, 1H, ArH), 7.17-7.12 (m, 3H, ArH),
7.04 (t, J = 8.4 Hz, 2H, ArH), 6.91 (dd, J, = 8.0 Hz, J; = 1.6 Hz, 1H, ArH), 6.76 (t, J = 7.6 Hz, 1H,
ArH), 6.18 (d, J = 8.0 Hz, 1H, ArH), 5.71 (s, 1H, CH), 5.00 (dd, J; = 12.0 Hz, J, = 5.6 Hz, 1H,
CH), 3.77 (t, J = 16.8 Hz, 1H, CH), 3.13 (dd, J; = 16.0 Hz, J, = 5.6 Hz, 1H, CH), 3.09 (s, 3H,
CHs), 2.93 (s, 3H, CHs); **C NMR (400 MHz, CDCls) &: 169.6, 168.8, 150.3, 138.5, 136.0, 135.4,
134.9, 134.5, 134.4, 131.8, 130.6, 129.6, 129.6, 128.6, 127.5, 126.5, 126.3, 126.0, 121.3, 119.2,
119.0, 110.7, 107.1, 58.9, 48.3, 43.1, 29.3, 28.6, 28.1; IR (KBr) v: 3356, 3168, 3044, 2973, 1767,
1654, 1638, 1566, 1452, 1374, 1331, 1250, 1147, 967, 839 cm™:; MS (m/z): HRMS (ESI) Calcd.

for CaoH23CloN303 ([M+Na]*): 554.1009, found: 554.1002.
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2,4-Bis(4-fluorophenyl)-1*,3'-dimethyl-1,2,4,9-tetrahydro-2"H-spiro[carbazole-3,5'-pyrimidin
e]-2',4',6'(1'H,3'"H)-trione (4h):

purple solid, 62%, m.p. 214-216 °C; 'H NMR (400 MHz, CDCls) &: 8.03 (s, 1H, NH), 7.25 (d, J =
8.0 Hz, 1H, ArH), 7.14-7.05 (m, 4H, ArH), 6.98-6.90 (m, 4H, ArH), 6.83-6.78 (m, 2H, ArH), 6.37
(d, J = 8.0 Hz, 1H, ArH), 5.20 (s, 1H, CH), 4.08 (dd, J; = 12.0 Hz, J, = 5.6 Hz, 1H, CH),
3.79-3.72 (m, 1H, CH), 3.01 (s, 3H, CHs), 2.93 (d, J = 5.6 Hz, 1H, CH), 2.84 (s, 3H, CH3); 3C
NMR (400 MHz, CDCls) 8: 171.6, 167.6, 163.6, 163.5, 161.1, 161.0, 149.8, 136.0, 134.5, 134.5,
134.4, 133.0, 132.9, 131.1, 131.0, 130.4, 130.3, 129.9, 129.8, 126.1, 121.2, 119.5, 119.1, 115.8,
115.6, 115.4, 115.2, 115.0, 110.7, 107.3, 62.5, 50.2, 47.3, 28.4, 27.9, 27.8; IR (KBr) v: 3403, 3162,
3079, 2977, 1781, 1663, 1640, 1531, 1442, 1338, 1308, 1271, 1165, 978, 834 cm?; MS (m/z):

HRMS (ES|) Calcd. for Co9H23F2N303 ([M+Na]+): 522.1600, found: 522.1601.
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2,4-Diphenyl-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2',5'-dione (5a):

purple solid, 74%, m.p. 178-180 °C; *H NMR (400 MHz, CDCls) &: 8.02 (s, 1H, NH), 7.30 (d, J =
8.4 Hz, 1H, ArH), 7.28-7.27 (m, 2H, ArH), 7.26-7.25 (m, 1H, ArH), 7.22 (d, J = 8.0 Hz, 1H, ArH),
7.19-7.17 (m, 2H, ArH), 7.14 (t, J = 7.6 Hz, 1H, ArH), 7.06 (t, J = 7.2 Hz, 1H, ArH), 6.92 (d, J =
8.0 Hz, 1H, ArH), 6.79 (t, J = 7.2 Hz, 1H, ArH), 6.39 (d, J = 8.0 Hz, 1H, ArH), 4.87 (s, 1H, CH),
3.97-3.90 (m, 1H, CH), 3.66 (dd, J: = 12.4 Hz, J, = 4.8 Hz, 1H, CH), 2.95 (dd, J1 = 16.0 Hz, J> =
4.8 Hz, 1H, CH), 2.01-1.90 (m, 2H, CHy), 1.39-1.31 (m, 1H, CH), 1.26-1.22 (m, 1H, CH); 13C
NMR (400 MHz, CDCls) 6: 218.2, 216.7, 139.1, 137.8, 136.1, 134.7, 129.9, 129.5, 128.8, 128.7,
128.5, 128.2, 127.8, 127.5, 126.3, 121.0, 119.7, 118.9, 110.7, 107.8, 65.9, 48.8, 47.4, 37.3, 36.5,
26.5; IR (KBr) v: 3200, 3173, 3064, 2978, 1861, 1745, 1677, 1631, 1567, 1467, 1382, 1311, 1254,
1132, 960, 841, 781 cm*; MS (m/z): HRMS (ESI) Calcd. for CasH23NO-2 ([M+Na]*): 428.1621,

found: 428.1626.
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2,4-Di-p-tolyl-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2',5'-dione (5b):

purple solid, 78%, m.p. 176-178 °C; *H NMR (400 MHz, CDCls) &: 7.99 (s, 1H, NH), 7.28 (d, J =
8.4 Hz, 1H, ArH), 7.13 (dd, J; = 7.6 Hz, J, = 1.2 Hz, 1H, ArH), 7.08-7.06 (m, 5H, ArH), 7.05-7.03
(m, 1H, ArH), 6.93 (d, J = 8.0 Hz, 1H, ArH), 6.79 (t, J = 7.2 Hz, 2H, ArH), 6.42 (d, J = 8.0 Hz, 1H,
ArH), 4.82 (s, 1H, CH), 3.93-3.85 (m, 1H, CH), 3.61 (dd, J: = 12.4 Hz, J, = 5.2 Hz, 1H, CH), 2.91
(dd, J1 = 16.4 Hz, J, = 5.2 Hz, 1H, CH), 2.28 (s, 3H, CH3), 2.27 (s, 3H, CH3), 2.01-1.91 (m, 2H,
CHy), 1.43-1.27 (m, 2H, CH); 3C NMR (400 MHz, CDCls) &: 218.3, 216.8, 137.3, 137.0, 136.1,
134.7, 134.6, 129.7, 129.4, 129.3, 129.3, 128.7, 128.5, 126.4, 121.0, 119.8, 118.8, 110.5, 108.2,
66.0, 48.3, 46.9, 37.4, 36.6, 26.7, 21.1, 20.9; IR (KBr) v: 3213, 3172, 3063, 2956, 1876, 1732,
1654, 1632, 1578, 1456, 1367, 1257, 1237, 1169, 899, 763 cm; MS (m/z): HRMS (ESI) Calcd.

for CaoH2zNO2 ([M+Na]*): 456.1934, found: 456.1936.
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2,4-Bis(4-(dimethylamino)phenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2°,5
-dione (5¢):
purple solid, 73%, m.p. 180-182°C; *H NMR (400 MHz, CDCls) &: 7.98 (s, 1H, NH), 7.28 (d, J =

8.0 Hz, 1H, ArH), 7.11 (dd, J: = 8.4 Hz, J; = 2.0 Hz, 1H, ArH), 7.06-7.03 (m, 3H, ArH), 6.78 (g, J
= 7.6 Hz, 2H, ArH), 6.60 (d, J = 8.4 Hz, 3H, ArH), 6.50 (d, J = 8.0 Hz, 2H, ArH), 4.76 (s, 1H, CH),
3.90-3.83 (M, 1H, CH), 3.56 (dd, J; = 12.0 Hz, J, = 5.2 Hz, 1H, CH), 2.90 (s, 3H, CHg), 2.89 (5,
3H, CH), 2.88 (s, 3H, CHs), 2.87 (s, 3H, CHs), 2.86 (d, J = 5.2 Hz, 1H, CH), 2.02-1.94 (m, 2H,
CHy), 1.50-1.36 (M, 2H, CH,); 3C NMR (400 MHz, CDCls) &: 219.1, 217.5, 136.0, 134.7, 130.5,
130.1, 129.2, 126.6, 120.8, 120.0, 118.7, 112.5, 110.3, 108.7, 66.2, 47.8, 46.3, 40.5, 40.4, 37.4,
36.6, 26.8; IR(KBr) v: 3217, 3189, 3046, 2983, 2817, 2156, 1833, 1678, 1611, 1534, 1429, 1351,
1269, 1138, 1131, 962, 888, 817, 764 cm; MS (m/z): HRMS (ESI) Calcd. for CaHssNsO;

([M+Na]*): 514.2465, found: 514.2462.
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2,4-Bis(3-nitrophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2°,5'-dione (5d):
purple solid, 59%, m.p. 190-192°C; *H NMR (400 MHz, CDCls) &: 8.19 (s, 1H, NH), 8.15-8.13

(m, 2H, ArH), 8.04-7.97 (m, 1H, ArH), 7.75-7.58 (m, 1H, ArH), 7.58-7.42 (m, 3H, ArH),
7.36-7.26 (m, 2H, ArH), 7.13-7.06 (m, 1H, ArH), 6.83-6.77 (m, 1H, ArH), 6.26 (t, J = 8.4 Hz, 1H,
ArH), 5.00 (s, 1H, CH), 3.97-3.79 (m, 2H, CHy), 3.30 (dd, J; = 16.4 Hz, J, = 3.6 Hz, 1H, CH),
2.09-1.98 (M, 2H, CHy), 1.55-1.34 (m, 2H, CH,); 3C NMR (400 MHz, CDCl;) 5: 216.4, 215.2,
148.4, 148.0, 140.8, 139.9, 136.3, 136.2, 136.1, 135.3, 135.0, 134.6, 134.1, 130.1, 129.7, 129.5,
1255, 124.8, 123.9, 123.4, 123.1, 123.0, 122.9, 121.7, 119.6, 119.5, 119.2, 118.8, 111.1, 110.9,
106.6, 65.1, 48.4, 46.8, 37.2, 36.3, 26.3; IR(KBr) v: 3218, 3178, 3049, 2967, 2867, 2133, 1871,
1649, 1600, 1548, 1467, 1358, 1261, 1180, 1135, 997, 941, 878, 749 cm’; MS (m/z): HRMS (ESI)

Calcd. for C2sH21N3Og ([M+Na]*): 518.1323, found: 518.1326.
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2,4-Bis(3-chlorophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2*,5'-dione
(5e):

purple solid, 64%, m.p. 183-186°C; 'H NMR (400 MHz, CDCls) &: 8.04 (s, 1H, NH), 7.52 (d, J =
8.0 Hz, 1H, ArH), 7.27-7.26 (m, 2H, ArH), 7.24-7.22 (m, 2H, ArH), 7.18 (d, J = 7.2 Hz, 1H, ArH),
7.17-7.05 (m, 3H, ArH), 6.92-6.84 (m, 1H, ArH), 6.82-6.81 (m, 1H, ArH), 6.38 (d, J = 8.0 Hz, 1H,
ArH), 4.82 (d, J = 21.6 Hz, 1H, CH), 3.87 (t, J = 14.8 Hz, 1H, CH), 3.63-3.61 (m, 1H, CH), 2.93
(dd, J; = 16.4 Hz, J; = 4.4 Hz, 1H, CH), 2.11-2.02 (m, 2H, CHy), 1.56-1.46 (m, 1H, CH),
1.44-1.36 (m, 1H, CH); 13C NMR (400 MHz, CDCls) &: 217.4, 215.8, 140.9, 139.9, 136.0, 134.7,
134.2, 1339, 130.1, 129.9, 129.5, 129.3, 128.6, 128.2, 128.1, 127.8, 127.0, 126.9, 125.9, 121.4,
121.4,119.5, 119.4, 119.2, 110.6, 107.4, 107.2, 65.3, 48.4, 46.9, 37.3, 36.4, 26.4; IR(KBr) v: 3211,
3167, 3049, 2971, 2855, 2149, 1854, 1633, 1617, 1559, 1473, 1351, 1249, 1139, 982, 966, 873,

755 cm?; MS (m/z): HRMS (ESI) Calcd. for CasH21CI,NO, ([M+Na]*): 496.0842, found:
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2,4-Bis(4-chlorophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2*,5'-dione
(5f):
purple solid, 73%, m.p. 180-183°C; *H NMR (400 MHz, CDCls) 8: 8.03 (s, 1H, NH), 7.31 (d, J =

8.4 Hz, 1H, ArH), 7.30-7.27 (m, 1H, ArH), 7.25-7.24 (m, 2H, ArH), 7.19 (d, J = 8.4 Hz, 1H, ArH),
7.14-7.07 (m, 4H, ArH), 6.83 (g, J = 7.6 Hz, 2H, ArH), 6.38 (d, J = 7.6 Hz, 1H, ArH), 4.83 (s, 1H,
CH), 3.86 (t, J = 13.2 Hz, 1H, ArH), 3.63 (dd, J1 = 12.0 Hz, J, = 4.8 Hz, 1H, CH), 2.92 (dd, J; =
16.4 Hz, Jo = 4.8 Hz, 1H, CH), 2.06-1.98 (m, 2H, CHy), 1.55-1.44 (m, 1H, CH), 1.42-1.35 (m, 1H,
CH); 3C NMR (400 MHz, CDCls) &: 217.7, 216.1, 137.3, 136.3, 136.0, 134.2, 133.8, 133.5, 131.3,
130.7, 129.9, 129.0, 128.8, 128.4, 125.9, 121.3, 119.5, 119.2, 110.6, 107.4, 65.6, 48.1, 46.6, 37.3,
36.5, 26.4; IR(KBr) v: 3217, 3167, 3034, 2980, 2848, 2167, 1850, 1632, 1600, 1535, 1470, 1362,

1278, 1143, 1101, 972, 900, 824, 768 cm?; MS (m/z): HRMS (ESI) Calcd. for CzsH21CIoNO;

([M+Na]*): 496.0842, found: 496.0842.
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2,4-Bis(4-fluorophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclopentane]-2*,5'-dione
(59):
purple solid, 65%, m.p. 179-182°C; *H NMR (400 MHz, CDCls) &: 8.02 (s, 1H, NH), 7.31 (d, J =

8.0 Hz, 1H, ArH), 7.24-7.22 (m, 1H, ArH), 7.16-7.13 (m, 2H, ArH), 7.08 (t, J = 7.6 Hz, 1H, ArH),
7.01-6.95 (m, 3H, ArH), 6.92-6.88 (m, 1H, ArH), 6.87-6.83 (m, 1H, ArH), 6.80 (d, J = 8.0 Hz, 1H,
ArH), 6.37 (d, J = 8.0 Hz, 1H, ArH), 4.84 (s, 1H, CH), 3.87-3.83 (m, 1H, CH), 3.65 (dd, J; = 12.0
Hz, J2 = 4.8 Hz, 1H, CH), 2.93 (dd, J; = 16.4 Hz, J; = 4.8 Hz, 1H, CH), 2.03-1.96 (m, 2H, CHy),
1.48-1.33 (m, 2H, CH,); 13C NMR (400 MHz, CDCls) §: 217.9, 216.3, 163.3, 160.8, 136.1, 134.2,
131.6, 131.6, 130.9, 130.9, 130.2, 130.2, 126.0, 121.3, 119.6, 119.1, 115.8, 115.6, 110.6, 107.8,
65.8, 47.9, 46.4, 37.3, 36.5, 26.6; IR(KBr) v: 3217, 3168, 3049, 2973, 2850, 2146, 1853, 1617,
1600, 1554, 1423, 1331, 1245, 1178, 1116, 973, 888, 807, 759 cm; MS (m/z): HRMS (ESI)

Calcd. for CogH21F2NO2 ([M+Na]*): 464.1433, found: 464.1436.
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2,4-Diphenyl-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclohexane]-2',6'-dione (5h):

purple solid, 76%, m.p. 182-185 °C; 'H NMR (400 MHz, CDCls) &: 7.99 (s, 1H, NH), 7.33-7.28
(m, 4H, ArH), 7.26-7.23 (m, 3H, ArH), 7.16-7.14 (m, 3H, ArH), 7.04 (t, J = 7.6 Hz, 1H, ArH),
6.89 (d, J=7.6 Hz, 1H, ArH), 6.33 (d, J = 8.0 Hz, 1H, ArH), 5.15 (s, 1H, CH), 3.83 (t, J = 12.0 Hz,
2H, CHy), 2.97 (t, J = 12.4 Hz, 1H, CH), 2.04-1.93 (m, 2H, CH,), 1.66-1.59 (m, 1H, CH),
1.50-1.43 (m, 1H, CH), 0.80-0.74 (m, 2H, CHy); *C NMR (400 MHz, CDCls) &: 213.9, 210.9,
139.8, 138.4, 136.0, 134.8, 130.2, 129.9, 129.1, 128.7, 128.5, 128.2, 127.6, 127.4, 126.5, 120.7,
119.7, 118.7, 110.4, 108.7, 71.7, 50.2, 48.8, 42.9, 41.5, 28.2, 14.7; IR (KBr) v: 3407, 3271, 3063,
2962, 1871, 1763, 1645, 1600, 1538, 1462, 1345, 1321, 1266, 1148, 961, 844 cm™; MS (m/z):

HRMS (ESI) Calcd. for CasH2sNO2 ([M+Na]*): 442.1778, found: 442.1783.
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2,4-Di-p-tolyl-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclohexane]-2',6'-dione (5i):

purple solid, 75%, m.p. 182-185 °C; *H NMR (400 MHz, CDCls) &: 7.96 (s, 1H, NH), 7.28 (d, J =
8.0 Hz, 1H, ArH), 7.14-7.11 (m, 2H, ArH), 7.09-7.07 (m, 2H, ArH), 7.04-7.01 (m, 3H, ArH), 6.95
(d, J=8.0 Hz, 1H, ArH), 6.78-6.75 (m, 2H, ArH), 6.37 (d, J = 8.0 Hz, 1H, ArH), 5.10 (s, 1H, CH),
3.83-3.73 (m, 2H, CHy), 2.92 (g, J = 12.8 Hz, 1H, CH), 2.31 (s, 3H, CHs3), 2.30 (s, 3H, CHs3),
2.07-1.94 (m, 2H, CH,), 1.69-1.62 (m, 1H, CH), 1.53-1.46 (m, 1H, CH), 0.83-0.75 (m, 2H, CH>);
13C NMR (400 MHz, CDCls) &: 214.2, 211.1, 137.2, 136.9, 136.8, 135.9, 135.3, 134.8, 130.1,
130.0, 129.8, 129.4, 129.4, 129.3, 128.9, 128.7, 126.5, 120.6, 119.7, 118.6, 110.4, 108.9, 71.8,
49.8, 48.4, 43.0, 41.5, 28.3, 21.1, 21.0, 14.8; IR (KBr) v: 3441, 3245, 3001, 2946, 1867, 1750,
1638, 1617, 1549, 1461, 1355, 1321, 1249, 1157, 969, 864, 771 cm; MS (m/z): HRMS (ESI)

Calcd. for Cs1H29NO2 ([M+Na]*): 470.2091, found: 470.2094.
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2,4-Di-o-tolyl-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclohexane]-2*,6'-dione (5j):

purple solid, 78%, m.p. 188-191 °C; 'H NMR (400 MHz, CDCls) &: 7.99 (s, 1H, NH), 7.24-7.20
(m, 3H, ArH), 7.16-7.12 (m, 2H, ArH), 7.12-7.09 (m, 2H, ArH), 6.98 (dd, J; = 18.4 Hz, J, = 8.0
Hz, 2H, ArH), 6.89 (d, J = 8.0 Hz, 1H, ArH), 6.70 (t, J = 8.0 Hz, 1H, ArH), 6.09 (d, J = 7.6 Hz, 1H,
ArH), 5.38 (s, 1H, CH), 4.25 (q, J = 5.6 Hz, 1H, CH), 3.74 (t, J = 15.2 Hz, 1H, CH), 2.90 (dd, J; =
16.0 Hz, J2 = 5.2 Hz, 1H, CH), 2.40 (s, 3H, CHz), 2.35 (s, 3H, CHa), 2.30-2.29 (m, 1H, CH),
2.02-1.94 (m, 1H, CH), 1.91-1.84 (m, 1H, CH), 1.73-1.66 (m, 1H, CH), 1.24-1.19 (m, 1H, CH),
0.89-0.84 (m, 1H, CH); **C NMR (400 MHz, CDCls) &: 212.8, 212.5, 139.4, 137.0, 136.7, 136.4,
135.9, 135.3, 131.2, 131.1, 130.8, 127.3, 127.1, 127.0, 126.6, 126.2, 126.1, 120.8, 119.2, 118.8,
110.4, 110.0, 69.3, 46.7, 43.9, 43.6, 41.1, 29.9, 20.0, 19.8, 15.3; IR (KBr) v: 3403, 3169, 3064,
2971, 1846, 1732, 1654, 1645, 1581, 1472, 1331, 1300, 1280, 1157, 969, 867, 782 cm™; MS (m/z):

HRMS (ESI) Calcd. for Ca;H2sNO2 ([M+Na]*): 470.2091, found: 470.2096.
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2,4-Bis(3-chlorophenyl)-1,2,4,9-tetrahydrospiro[carbazole-3,1'-cyclohexane]-2',6'-dione (5K):
purple solid, 71%, m.p. 187-190 °C; *H NMR (400 MHz, CDCls) &: 7.99 (s, 1H, NH), 7.32-7.26
(m, 3H, ArH), 7.25-7.19 (m, 2H, ArH), 7.15-7.04 (m, 4H, ArH), 6.89-6.79 (m, 2H, ArH),
6.35-6.34 (m, 1H, ArH), 5.10 (d, J = 16.0 Hz, 1H, CH), 3.79-3.77 (m, 2H, CHy), 2.97-2.92 (m, 1H,
CH), 2.13-2.05 (m, 2H, CH,), 1.76-1.64 (m, 1H, CH), 1.563-1.48 (m, 1H, CH), 0.88-0.87 (m, 2H,
CHy); C NMR (400 MHz, CDCls) &: 217.4, 215.8, 140.9, 139.9, 136.0, 134.7, 134.2, 133.9,
130.1, 129.9, 129.5, 129.3, 128.6, 128.6, 128.2, 128.1, 128.1, 127.8, 127.7, 127.0, 126.9, 125.9,
121.4, 121.4, 1195, 119.4, 119.4, 119.2, 110.7, 110.6, 107.4, 107.2, 65.3, 48.4, 46.9, 37.3, 36.4,
29.6, 26.4; IR (KBr) v: 3431, 3244, 3061, 2946, 1857, 1768, 1645, 1600, 1548, 1431, 1360, 1331,
1266, 1146, 862, 792 cm?; MS (m/z): HRMS (ESI) Calcd. for CagH23CI.NO2 ([M+Na]*):

510.0998, found: 510.0998.

(=) A= v <+ <+ on N QD 0 wvien Al vt O N o > > > 8
S =S eReoang - =3 & AN DSOS L9w KR Z
o~ S~~~ O O O O v NN o [ I o\ Bt BN << Nl o I o} —_———-— O O O T
| e~ ) | N e |

g =88 g 3

2.061
27 1.0H
«] 2.081

1.0
57 0.961

=72.041

=129

>
°

7.0 6.5 6.0 5.5 5.0

=

1.5 1.0
f1 (ppm)

108



[ =) SV — Ol 00w O 0N v <+ (=1 st N

< % N me—=x%SatIa EoTA e IY 21y

~ T AR ENNN — AR S S A < @ DARCINA

—— NN AN AN~ — —_—0 O v o0 O O O

SRS — o o e o o — ——— — e} < < n NN

Ny B L. [ | ~ | |/
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

Intens. +MS, 0.91-0.98min #(54-58)

) 510.0998
8000 |
6000 |

512.0976

4000 -

1 511.1033
2000 513.1003

i 514.0966

515.0989
o : : : : — : ! : : .
504 506 508 510 512 514 516 518 mz

109




3,3"-(p-tolylmethylene)bis(2-methyl-1H-indole) (6a):

purple solid, 75%, m.p. 176-178 °C; 'H NMR (400 MHz, CDCls) &: 7.56 (s, 2H, NH), 7.17-7.14
(m, 4H, ArH), 7.03-6.99 (m, 6H, ArH), 6.85-6.84 (m, 2H, ArH), 5.93 (s, 1H, CH), 2.31 (s, 3H,
CHs), 1.98 (s, 3H, CH3), 1.97 (s, 3H, CHs); 13C NMR (400 MHz, CDCls) &: 140.5, 135.3, 135.0,
131.8, 128.9, 128.9, 128.8, 120.5, 119.4, 118.9, 113.5, 110.0, 38.8, 21.1, 12.3; IR (KBr) v: 3400,
2918, 1547, 1526, 1348, 1287, 1260, 750 cm*; MS (m/z): HRMS (ESI) Calcd. for CzsH2sN2

([M+Na]*): 387.1832, found: 387.1833.
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3,3"-((2-methoxyphenyl)methylene)bis(2-methyl-1H-indole) (6b):

purple solid, 72%, m.p. 185-187 °C; *H NMR (400 MHz, CDCls) &: 7.66 (s, 2H, NH), 7.20 (d, J =
7.6 Hz, 3H, ArH), 7.16 (d, J = 7.6 Hz, 1H, ArH), 7.00 (t, J = 7.6 Hz, 2H, ArH), 6.94 (d, J = 8.0 Hz,
2H, ArH), 6.88 (d, J = 8.0 Hz, 1H, ArH), 6.81 (d, J = 7.6 Hz, 3H, ArH), 6.22 (s, 1H, CH), 3.68 (s,
3H, OCHs), 2.00 (s, 3H, CHs), 1.99 (s, 3H, CHs); 3C NMR (400 MHz, CDCls) &: 145.4, 134.9,
131.7, 128.9, 128.9, 121.7, 120.5, 119.2, 119.0, 114.9, 113.2, 111.1, 109.8, 55.1, 39.2, 29.6, 12.4;
IR (KBr) v: 3412, 3056, 2921, 2850, 1616, 1455, 1339, 1288, 1250, 744 cm; MS (m/z): HRMS

(ESI) Calcd. for C26H24N20 ([M+Na]*): 403.1781, found: 403.1788.
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3,3"-((3-methoxyphenyl)methylene)bis(2-methyl-1H-indole) (6c):

purple solid, 71%, m.p. 179-181 °C; *H NMR (400 MHz, CDCls) &: 7.72 (s, 2H, NH), 7.23 (d, J =
8.0 Hz, 2H, ArH), 7.16 (t, J = 8.0 Hz, 1H, ArH), 7.03 (t, J = 7.6 Hz, 4H, ArH), 6.86 (g, J = 7.2 Hz,
4H, ArH), 6.75 (dd, J1 = 8.0 Hz, J2 = 2.4 Hz, 1H, ArH), 5.98 (s, 1H, CH), 3.69 (s, 3H, OCHz), 2.06
(s, 3H, CHs), 2.05 (s, 3H, CH3); 3C NMR (400 MHz, CDCls) &: 134.9, 131.7, 128.9, 128.9, 121.7,
120.5, 119.2, 119.0, 114.9, 113.2, 111.1, 109.8, 55.1, 39.2, 12.4; IR (KBr) v: 3410, 3048, 2917,
2844, 1618, 1431, 1333, 1271, 1250, 745 cm; MS (m/z): HRMS (ESI) Calcd. for CsH24N20

([M+Na]*): 403.1781, found: 403.1785.
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4-(bis(2-methyl-1H-indol-3-yl)methyl)-N,N-dimethylaniline (6d):
purple solid, 70%, m.p. 184-186 °C; 'H NMR (400 MHz, CDCls) &: 7.61 (s, 2H, NH), 7.18 (d, J =

8.0 Hz, 2H, ArH), 7.10 (d, J = 8.0 Hz, 2H, ArH), 7.04-6.99 (m, 4H, ArH), 6.84 (t, J = 7.2 Hz, 2H,
ArH), 6.64 (d, J = 8.4 Hz, 2H, ArH), 5.90 (s, 1H, CH), 2.89 (s, 3H, CH3), 2.88 (s, 3H, CHs), 2.01
(s, 3H, CHs), 2.00 (s, 3H, CHa); 13C NMR (400 MHz, CDCls) &: 148.9, 135.0, 132.0, 131.6, 129.5,
129.0, 120.3, 119.4, 118.8, 114.0, 112.7, 109.8, 40.9, 38.2, 12.3; IR (KBr) v: 3387, 2918, 2771,
1275, 1270, 1260, 760, 750 cm; MS (m/z): HRMS (ESI) Calcd. for CzHzNs ([M+Na]*):

416.2097, found: 416.2099.
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3,3"-((4-nitrophenyl)methylene)bis(2-methyl-1H-indole) (6e):
purple solid, 65%, m.p. 187-189 °C; *H NMR (400 MHz, CDCls) &: 8.10 (d, J = 8.8 Hz, 2H, ArH),

7.81 (s, 2H, NH), 7.42 (d, J = 8.4 Hz, 2H, ArH), 7.26 (d, J = 8.4 Hz, 2H, ArH), 7.06 (t, J = 8.0 Hz,
2H, ArH), 6.93-6.87 (m, 4H, ArH), 6.05 (s, 1H, CH), 2.08 (s, 3H, CHs), 2.07 (s, 3H, CH3); 1°C
NMR (400 MHz, CDCls) §: 151.9, 135.0, 132.0, 129.8, 128.4, 123.4, 120.9, 119.4, 118.9, 111.8,
110.2, 39.3, 12.4; IR (KBr) v: 3393, 2919, 2878, 1645, 1548, 1525, 1459, 1345, 749 cml; MS

(m/z): HRMS (ESI) Calcd. for C2sH21N30, ([M+Na]*): 418.1526, found: 418.1528.
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3,3"-((3-chlorophenyl)methylene)bis(2-methyl-1H-indole) (6f):

purple solid, 70%, m.p. 175-177 °C; *H NMR (400 MHz, CDCls) 8: 7.76 (s, 2H, NH), 7.26-7.24
(m, 3H, ArH), 7.19-7.17 (m, 3H, ArH), 7.05 (t, J = 7.2 Hz, 2H, ArH), 6.97 (d, J = 8.0 Hz, 2H,
ArH), 6.89-6.85 (m, 2H, ArH), 5.97 (s, 1H, CH), 2.06 (s, 3H, CHs), 2.05 (s, 3H, CHs); 3C NMR
(400 MHz, CDCls) 6: 142.3, 135.0, 131.8, 130.3, 128.7, 128.1, 120.7, 119.1, 119.1, 112.8, 110.0,
38.6, 12.4; IR (KBr) v: 3412, 2925, 2853, 1617, 1474, 1337, 1281, 1251, 787, 744, 787 cm; MS

(m/z): HRMS (ESI) Calcd. for CasHaCIN; ([M+Na]*): 407.1285, found: 407.1290.
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3,3"-((4-chlorophenyl)methylene)bis(2-methyl-1H-indole) (69):

purple solid, 76%, m.p. 170-172 °C; *H NMR (400 MHz, CDCls) &: 7.74 (s, 2H, NH), 7.24 (d, J =
8.8 Hz, 3H, ArH), 7.20-7.18 (m, 3H, ArH), 7.04 (t, J = 7.2 Hz, 2H, ArH), 6.96 (d, J = 7.6 Hz, 2H,
ArH), 6.86 (t, J = 7.6 Hz, 2H, ArH), 5.95 (s, 1H, CH), 2.05 (s, 3H, CHs), 2.04 (s, 3H, CH3); %°C
NMR (400 MHz, CDCls) 3: 142.3, 135.0, 131.8, 130.3, 128.7, 128.1, 120.7, 119.1, 112.8, 110.0,
38.6, 12.4; IR (KBr) v: 3400, 2917, 2780, 1523, 1318, 1260, 749.8 cm*; MS (m/z): HRMS (ESI)

Calcd. for CasH21CIN2 ([M+Na]*): 407.1285, found: 407.1287.
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