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Abstract A green stereoselective synthesis of spiroheterocycles in-
corporating a spirooxindole and a 1,2,3,4-tetrahydro-B-carboline
(THBC) are demonstrated here by the one-pot, three-component reac-
tion of THRC, isatins, and chalcones. Operational simplicity and chro-
matography-free isolation are the highlights of the reaction which re-
sulted in densely substituted spiroheterocycles with four-contiguous
stereocenters in excellent yields. The activity of the compounds as anti-
cancer agents was studied in silico against MDM2 and PLK1 target pro-
teins and they show excellent binding interactions compared to refer-
ence drugs.

Key words [3+2] cycloaddition, azomethine ylide, 1,2,3,4-tetrahydro-
B-carboline, spiroheterocycles
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Figure 1 Structures of commercially available B-carboline drugs and RSL3

The development of plant-based drug remedies for can-
cer is an urgent need in society and several efforts are in
progress to address this matter.! In this context, among the
natural alkaloids, B-carbolines and 1,2,3,4-tetrahydro-p-
carbolines (THBCs) occupy a niche of their own. Being dis-
tributed widely in nature,? they are known to possess a
wide range of biological activities* among which anticancer
activity is substantial.* Figure 1 depicts the structures of
commercially available B-carboline drugs and RSL3 (a ferro-
ptosis activator),® all of which possess the THBC motif. On
account of the latter being an important template for drug
discovery and for combinatorial library synthesis, numer-
ous methods have been devised for their synthesis by vari-
ous research groups® and for their efficient transformation
to B-carbolines by decarboxylative dearomatizations.” the
molecular hybridization approach® has been widely used
for the development of anticancer agents from [-carbo-
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Scheme 1 1,3-Dipolar cycloaddition of 4-chlorochalcone with the azomethine ylide generated from isatin and THBRC

lines.? Azomethine ylide (AY) based [3+2] cycloadditions is
one of the promising strategies for the synthesis of molecu-
lar hybrids.'® In this context, azomethine ylides generated
from B-carbolines and 3,4-dihydro-B-carbolines were uti-
lized as early as 1996 for the synthesis of pyrrolidine hybrid
molecules, specifically indolizino[8,7-b]indole derivatives
by 1,3-dipolar cycloaddition reactions.!' However there has
been only scant attempts to utilize THBC for azomethine
ylide generation and for their subsequent cycloaddition.!?
Owing to our interest in the synthesis of bioactive spirohet-
erocycles, by AY generation from isatins and primary
amines (via decarboxylative route)'? and synthesis of pyr-
rolo[2,1-a]isoquinolines by reaction of AYs generated from
cyclic secondary amines and isatins (via iminium route),'4
we decided to explore AY generation from THBC and its
[3+2] cycloaddition to chalcones. The reaction culminated
in the synthesis of densely functionalized THBC derivatives
that were tested for anticancer activity by in silico docking
studies.

As a pilot reaction, isatin 1, THBC 2, and 4-chlorochal-
cone (3a) (1:1:1 molar ratio) were refluxed in methanol for
12 h (Scheme 1). The reaction resulted in the precipitation
of a compound that was isolated by careful filtration and
was purified by washing with cold methanol. Detailed spec-
troscopic characterizations and CHN analysis of the com-
pound confirmed its structure and elemental composition.

In the IR spectrum of compound 4a, the benzoyl carbon-
yl and the amide carbonyl were observed at 1695 and 1620
cm-! respectively. In the 'H NMR spectrum, three protons
H,, Hy, and H. were observed as a doublet at = 4.48 (J = 8.4
Hz), triplet at § = 5.15 (J = 8.8 Hz), and doublet at & = 5.86 (J
= 9.2 Hz), respectively. The positive enhancement of H. in
the 1D NOE spectrum (when H,, was irradiated), confirmed
the cis disposition of H, with respect to H. and trans dispo-
sition with H, (Supporting Information, Figure S57). In the
13C NMR spectrum, the spiro carbon was seen at 6 = 75.8
while the carbons attached to H,, H;,, and H. were discern-
ible at §=57.3,51.5, and 59.8, respectively. The negative sig-
nals at 6 = 43.2 and 22.2 in DEPT-135 (Supporting Informa-
tion, Figure S58) indicated the methylene carbons of the
THPBC moiety.

Figure 2 shows the major 'H-'H COSY and HMBC cor-
relations for the compound 4a. In the 'H-'H COSY spectrum
(Supporting Information, Figure S59), H,-H,, and H,-H. cor-

TH-'H COSY Correlations HMBC Correlations

Figure 2 Selected COSY and HMBC correlations of compound 4a

relations confirmed the proposed structure and relative po-
sitions of H,, Hy,, and H.. The strong single bond correlations
of the stereocenter carbons with the hydrogens in the HSQC
spectrum (Supporting Information, Figure S60) confirmed
the position of attachment of H,, H, and H. The re-
giochemistry of compound 4a was established from the
HMBC spectrum (Supporting Information, Figure S61)
which showed three strong correlations of 1" with the pro-
tons H,, Hy,, and H, and a single correlation of 2" with H,. The
spirocenter shows two strong correlations with the protons
H, and H, while both the stereocenters 1 and 3" exhibited
two correlations with the protons at neighboring carbons.
Carbon 2" has two strong correlations with the protons H,
and H..

(281122)
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Figure 3 ORTEP diagram of 4a (CCDC 2229729)
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The structure was unambiguously confirmed by single-
crystal X-ray analysis (Figure 3).

The generality of the reaction was proved by using vari-
ous chalcone derivatives and substituted isatins (Scheme
2). Chalcones bearing both electron-withdrawing and -do-
nating substituents reacted equally well with the AY gener-
ated from isatin and THPC and afforded the desired prod-
ucts 4a-i with good yields of 80-89%. Products 4j-1 were
obtained by reaction of divinyl chalcone, benzodioxolo-
substituted chalcone, and heterocyclic chalcone, respec-
tively, in good yields.

The effect of substitution in the isatin on the reaction
was then explored by treatment of 4-chlorochalcone with
the AY generated from substituted isatins and the results
are depicted in Scheme 3. The N-alkyl isatins 1a-f, 5-halo
isatins 1g-m, and 5-methoxy isatins 1n and 10 yielded the
products 5a-f, 5g-m, and 5n,0 in comparable yields with-
out much dependance on the substitution patterns. It was
observed that no product was obtained using 4-bromo isat-

\ NH+Ar

Table 1 Activation Parameters Obtained from Theoretical Calculations

AG* (kcal/mol) AH* (kcal/mol) AS* (cal/mol/K)
exo-TS 27.39 13.85
endo-TS 31.52 18.23

in while use of 6-chloro isatin 1p yielded the product 5p in
good yield.

Mechanistically the reaction takes place through the
generation of AY II via [1,5] H-shift of the Z-iminium ion I
followed by deprotonation (Scheme 4).'4 Approach of the
exo-Re face of II to the chalcone resulted in the formation of
a single diastereomer which was confirmed by theoretical
calculations. DFT calculations were performed at B3LYP/6-
31G(d,p) level of theory.!> The effect of methanol was inves-
tigated using a PCM approach.'® Both the endo and exo ap-
proach of AY with the dipolarophile were computed and ac-
tivation parameters obtained are given in the Table 1.

3a-1 4a-1, 80-89%

4j, 88%

4l, 82%

4k, 85%

Scheme 2 1,3-Dipolar cycloaddition of chalcones with azomethine ylide generated from isatin and THBC
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The energy of activation indicated that the reaction
pathway is best proceeded through the exo TS (Figure 4).
The theoretical calculations in the gas phase were also per-
formed which suggest the transition structure that corre-
sponds to the proposed addition is 6.06 kcal/mol more sta-
ble than the endo addition.

The calculated chemical potential of the ylide (-3.257
eV) was found to be higher than the dipolarophile (-4.396
eV) and the chemical hardness was found to be lower
(2.463 eV) than the dipolarophile (4.043 eV). The electro-

5n, 85%

philicity index was also greater for the dipolarophile (2.390
eV) than the ylide (2.153 eV). All these data indicate the
charge transfer from the ylide to the dipolarophile.
MDM2-p53 interaction proved to be an effective strate-
gy in anticancer drug design and development. Similarly,
drugs that can inhibit PLK1 protein overexpression have en-
hanced therapeutic effects for treating cancer and have
been widely explored. Various natural as well as synthetic
compounds have been reported to possess excellent anti-

E O
Cl' 5d, 80%
cl

Cl 5p, 78%

Scheme 3 1,3-Dipolar cycloaddition of 4-chloro chalcone with azomethine ylide generated from isatins and THBC
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Generation of N-Ylide

HN

Reaction of N-Ylide with Chalcone

+N H
—-H0 i/ H
X
( 0
~N A
L H

Z-Iminium

\_-NH

E-Iminium

Oxygen is more accessible
for [1,5]-H Shift

Exo-Re-face attack

Scheme 4 Mechanistic rationale

cancer potential due to their efficiency to inhibit MDM?2
and PLK1 target proteins.!” Based on this, ten selected de-
rivatives incorporating oxindole and THBC moieties were
subjected to molecular docking studies to evaluate their
role as anticancer agents. For the study, MDM2 (PDB ID:
5LAW) and PLK1 (PDB ID: 3THB) were the selected protein
targets and their structures were obtained from PDB. The
binding interactions of the compound and the reference
drugs'® with the target proteins are summarized in Table 2.

Endo TS

Figure 4 Optimized geometry of exo and endo TS at B3LYP/6-31G(d,p)
level of theory

Results indicate that all compounds bind to the target pro-
teins and among them 4c showed the highest binding inter-
action with MDM2 with a binding energy —-10.0 kcal/mol. It
is seen from Figure 5A that the amino acid residues HIS 96,
LEU 54, LEU 57, ILE 99, VAL 93, TYR 67, and ILE 19 of the
MDM2 protein exhibit strong van der Waals and = interac-
tions with the active sites of 4c. It was also observed that
among the different compounds, 4d had highest binding in-
teraction of -10.2 kcal/mol with PLK1 target protein and
from Figure 5B it was seen that the amino acid residues GLU
140, LYS 61, CYS 67, ALA 80, LEU 59, and ARG 136 of the
PLK1 shows strong H-bonds, van der Waals and & interac-
tions with the active sites of 4d. Further in vitro anticancer
evaluation of compounds 4c¢ and 4d is underway.

In conclusion, we have synthesized spirooxindole-tetra-
hydro-f-carboline molecular hybrid compounds via the
1,3-dipolar cycloaddition reaction of azomethine ylides
generated from isatins and 1,2,3,4-tetrahydro-B-carboline
with substituted chalcones. The products were obtained in
excellent yields with high regio- and stereoselectivity. Se-
lected compounds were subjected to in silico docking analy-

© 2023. Thieme. All rights reserved. Synthesis 2023, 55, 2526-2536



2531

Table 2 Binding Energy of MDM2 (5LAW) and PLK1 (3THB) Proteins with the Synthesized Spiro Heterocycles

Entry Compound Molecular formula Binding energy (kcal/mol)
MDM2 PLK1
1 4a C34H56CIN;0, -9.2 -8.3
2 4b C34H56BN;0, -8.8 -8.3
3 4c Cs4Hy6FN50, -10.0 -84
4 4d C35H6N;50, -9.2 -10.2
5 4q C37H33N;505 -7.6 -8.0
6 5g C34H5sCIFN;0, -8.8 -10.0
7 5h Cs4H,5C1LN;0, -8.8 -9.1
8 5i C34H55BrCIN;0, -8.8 -86
9 5§ C34H55ClIN;O, -8.9 -8.7
10 5p C37H3,CIL,N;0, -8.4 -9.6
1 reference compounds
A : For a procedure for the synthesis of chalcones see the Supporting In-

Figure 5 Molecular docking interactions (A) 2D and 3D pose of 4c with
MDM2 (5LAW); (B) 2D and 3D pose of 4d with PLK1 (3THB)

sis against MDM2 and PLK1 target proteins and it was ob-
served that compounds 4c¢ and 4d showed maximum bind-
ing interactions with the target proteins.

formation. Tetrahydro betacarboline, isatin and haloisatins were pur-
chased from Sigma-Aldrich.

Reaction of Azomethine Ylides Generated from Isatins and 1,2,3,4-
Tetrahydro-B-carboline with Chalcones; General Procedure

Isatin, 1,2,3,4-tetrahydro-f-carboline, and chalcone (ratio 1:1:1, in
their respective mmol) were added to a 50-mL round-bottom flask
and then dissolved in MeOH (5 mL). The mixture was stirred and re-
fluxed for 12 h (monitored by using TLC). When the reaction was
complete, the precipitate formed was filtered, washed with cold
MeOH, dried, and characterized.
1'-Benzoyl-2'-(4-chlorophenyl)-1',2',5',6',11',11b’-hexahydro-
spiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4a)

White powder; yield: 100 mg (89%); mp 202-204 °C.

IR: 3367, 3297, 2920, 2838, 1695, 1620, 1467 cm™".

TH NMR (400 MHz, CDCL,): § = 8.06-8.04 (m, 2 H), 7.67-7.64 (m, 2 H),
7.53 (unevent, J= 9 Hz, 2 H), 7.41-7.38 (m, 1 H), 7.29-7.25 (td, ] = 7.6,
1.2 Hz, 1 H), 7.19-7.15 (td, ] = 7.6, 0.8 Hz, 1 H), 7.11-7.08 (m, 2 H),
7.05-7.00 (m, 5 H), 6.97 (s, 1 H), 6.94-6.91 (m, 1 H), 6.69 (d, J = 7.6 Hz,
1H),5.86(d,J=9.2 Hz, 1 H), 5.15 (t,] = 8.8 Hz, 1 H), 448 (d, ] = 8.4 Hz,
1H), 2.94-2.87 (m, 3 H), 2.66-2.58 (m, 1 H).

13C NMR (100 MHz, CDCl3): 8 = 199.8, 177.8, 141.3, 138.0, 137.9,
135.7, 134.1, 133.7, 133.4, 131.7, 129.8, 129.6, 129.2, 128.4, 128.3,
128.0, 127.0, 125.2, 123.3, 121.5, 119.3, 118.1, 110.7, 110.5, 109.6,
75.8,59.8,57.3,51.5,43.2, 22.2.

Anal. Caled for C34H,6CIN;0,: C, 75.06; H, 4.82; N, 7.72. Found: C,
75.08; H, 4.81; N, 7.73.

© 2023. Thieme. All rights reserved. Synthesis 2023, 55, 2526-2536
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1'-Benzoyl-2'-(4-bromophenyl)-1',2',5",6',11',11b’-hexahydro-
spiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4b)

Yellow powder; yield: 86 mg (86%); mp 186-188 °C.
IR: 3334, 3055, 2917, 2850, 1680, 1602, 1464 cm™".

TH NMR (400 MHz, CDCl,): & = 8.05 (d, J = 7.2 Hz, 2 H), 7.66-7.59 (m, 3
H), 7.57-7.50 (m, 3 H), 7.41-7.38 (m, 2 H), 7.29-7.14 (m, 5 H), 6.97-
6.92 (m, 3 H), 6.69 (d, ] = 7.6 Hz, 1 H), 5.85 (d, ] = 8.8 Hz, 1 H), 5.14 (¢,
J=8.8Hz 1H, CH), 445 (d, ] = 8.4 Hz, 1 H), 2.94-2.85 (m, 3 H), 2.62-
2.60 (m, 1 H).

13C NMR (100 MHz, CDCLy): & = 199.9, 178.3, 141.3, 137.9, 135.7,
134.6, 133.7, 132.5, 131.7, 1314, 130.5, 130.2, 129.7, 129.2, 1284,
128.1, 127.9, 127.5, 127.0, 125.1, 123.3, 121.6, 121.5, 119.3, 118.1,
110.7,110.5, 109.8, 75.9, 59.8, 57.3, 51.5, 43.2, 22.1.

Anal. Calcd for C34H,6BrN;0,: C, 69.39; H, 4.45; N, 7.14. Found: C,
69.37; H, 4.44; N, 7.13.
1'-Benzoyl-2'-(4-fluorophenyl)-1',2',5',6',11',11b’-hexahydrospiro-
[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4c)

White powder; yield: 98 mg (84%); mp 232-234 °C.
IR: 3356, 3062, 2939, 2812, 1698, 1616, 1490 cm™".

H NMR (400 MHz, CDCl,): & = 8.07-8.05 (m, 2 H), 7.67-7.63 (m, 2 H),
7.53 (t,] = 7.6 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.28-7.24 (m, 1 H), 7.19-
7.15 (m, 1 H), 7.10-6.99 (m, 6 H), 6.94-6.92 (m, 1 H), 6.80 (uneven t,
J=8.6Hz,2 H),6.69 (d,]=7.6 Hz, 1 H), 5.86 (d, ] = 9.2 Hz, 1 H), 5.14 (t,
J=8.8Hz, 1H),4.48 (d,J =84 Hz, 1 H), 2.96-2.87 (m, 3 H), 2.63-2.60
(m, 1 H).

13C NMR (100 MHz, CDCl3): & = 199.9, 177.9, 141.2, 138.0, 135.7,
133.7, 131.8, 130.1, 130.0, 129.6, 129.2, 128.3, 128.0, 127.0, 125.1,
123.2,121.5,119.3,118.0,115.2,115.0, 110.7,110.5, 109.5, 75.9, 59.8,
57.2,51.7,43.2,22.2.

Anal. Calcd for C34H,6FN30,: C, 77.40; H, 4.97; N, 7.96. Found: C,
77.39; H, 4.96; N, 7.95.
1'-Benzoyl-2'-(p-tolyl)-1',2",5',6',11',11b’-hexahydrospiro[indo-
line-3,3'-indolizino[8,7-b]indol]-2-one (4d)

Yellow powder; yield: 104 mg (88%); mp 220-222 °C.

IR: 3364, 3304, 2913, 2842, 1672, 1620, 1464 cm™".

'H NMR (400 MHz, CDCl;): § = 8.05-8.03 (m, 2 H), 7.66-7.63 (m, 1 H),
7.61-7.59 (m, 1 H), 7.51-7.48 (m, 2 H), 7.40-7.38 (m, 1 H), 7.26-7.22
(m, 2 H), 7.18-7.14 (td, ] = 7.6. 0.8 Hz, 1 H), 7.04-6.97 (m, 5 H), 6.95-
6.89 (m, 3 H), 6.67 (d, J = 7.6 Hz, 1 H), 5.86 (d, J = 9.2 Hz, 1 H), 5.16
(uneven t, ] =8.6 Hz, 1 H), 4.48 (d, J = 8 Hz, 1 H), 2.94-2.84 (m, 3 H),
2.63-2.59 (m, 1 H), 2.19 (s, 3 H).

13C NMR (100 MHz, CDCl;): & = 200.4, 178.2, 141.4., 138.1, 137.0,
135.7, 132.5, 132.0, 129.4, 129.1, 129.2, 128.9, 128.47, 128.41, 128.3
127.1,125.1,123.1,121.4,119.2,118.0, 110.6, 110.3, 109.5, 76.0, 59.8,
57.7,51.7,43.2,22.2, 20.99.

Anal. Calcd for C55H,9N50,: C, 80.28; H, 5.58; N, 8.02. Found: C, 80.28;
H, 5.57; N, 8.04.
1’-Benzoyl-2'-phenyl-1',2",5',6',11',11b’-hexahydrospiro[indoline-
3,3'-indolizino[8,7-b]indol]-2-one (4e)

White powder; yield: 100 mg (82%); mp 241-243 °C.

IR: 3360, 3021, 2950, 2887, 1698, 1620, 1467 cm™".

TH NMR (400 MHz, CDCl,): & = 8.06-8.04 (m, 2 H), 7.68-7.61 (m, 2 H),
7.51 (unevent, ] =7.6 Hz, 2 H), 7.41-7.38 (m, 1 H), 7.25-7.24 (m, 1 H),
7.19-7.17 (m, 1 H), 7.16-7.08 (m, 5 H), 7.05-6.91 (m, 5 H), 6.67 (d, ] =
7.6 Hz, 1H),5.88 (d,J=9.2 Hz, 1 H), 5.20 (t, ] = 8.8 Hz, 1 H), 4.52 (d, ] =
8.4 Hz, 1 H), 2.93-2.86 (m, 3 H), 2.65-2.62 (m, 1 H).

13C NMR (100 MHz, CDCl,): & = 200.2, 177.9, 141.3, 138.1, 135.7,
135.6, 133.5, 132.0, 129.4, 129.1, 128.5, 128.3, 128.2, 127.4, 127.1,
125.2,123.1, 1214, 119.3, 118.0, 110.6, 110.4, 109.4, 75.9, 59.9, 58.0,
51.5,43.2,22.2.

Anal. Calcd for C3,H,;N;0,: C, 80.13; H, 5.34; N, 8.25. Found: C, 80.14;
H, 5.35; N, 8.23.
1'-Benzoyl-2'-(4-nitrophenyl)-1,2",5',6',11’,11b’-hexahydrospiro-
[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4f)

Yellow powder; yield: 98 mg (83%); mp 244-246 °C.

IR: 3367, 3058, 2932, 2805, 1695, 1616, 146 cm™'.

TH NMR (400 MHz, CDCly): § = 8.34 (d, ] = 8.8 Hz, 2 H), 7.91 (d, = 8.8
Hz, 2 H),7.43 (d,] = 7.6 Hz, 1 H), 7.31-7.29 (m, 4 H), 7.19 (d, ] = 8 Hz, 2
H),7.14-7.10 (m, 2 H), 7.09-7.03 (m, 4 H), 6.90 (t, ] = 7.6 Hz, 1 H), 6.52
(d,J = 8.4 Hz, 1H),531(d,J = 9.6 Hz, 1 H), 4.49-4.40 (m, 2 H), 2.99-
2.92 (m, 1 H), 2.74-2.66 (m, 3 H).

13C NMR (100 MHz, DMSO-dg): 8 = 196.0, 179.5, 147.9, 147.5, 142.8,
136.7, 135.8, 133.8, 131.8, 1304, 130.0, 129.6, 127.8, 126.7, 126.0,
124.9,122.4,121.3, 119.1, 118.0, 112.1, 109.9, 108.1, 70.8, 62.7, 61.3,
49.6,42.4,22.6.

Anal. Calcd for C34Hy6N,O4: C, 73.63; H, 4.73; N, 10.10. Found: C,
73.64; H,4.75; N, 10.11.
1’-Benzoyl-2'-(3,4,5-trimethoxyphenyl)-1',2",5',6',11’,11b’-hexahy-
drospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4g)

Yellow powder; yield: 76 mg (82%); mp 234-236 °C.

IR: 3345, 3055, 2913, 2835, 1669, 1620, 1467 cm™".

TH NMR (400 MHz, CDCL,): § = 8.13-8.11 (m, 2 H), 7.67-7.62 (m, 2 H),
7.54 (uneven t, J = 7.6 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.27-7.23 (m, 1 H),
7.18-7.14 (m, 2 H), 7.05-7.00 (m, 3 H), 6.96-6.94 (m, 1 H), 6.69 (d, J =
7.6 Hz, 1 H),6.25 (s, 2 H), 5.85 (d, ] = 9.2 Hz, 1 H), 5.17 (t, ] = 9 Hz, 1 H),
4.44(d,J = 8.8 Hz, 1 H),3.72 (s, 3 H), 3.59 (s, 6 H), 3.00-2.89 (m, 3 H),
2.64-2.61 (m, 1 H).

13C NMR (100 MHz, CDCl;): & = 200.2, 177.9, 141.3, 152.6, 141.6,
138.0, 137.1, 135.7, 133.7, 132.0, 130.9, 129.4, 129.2, 128.4, 127.1,
125.1,123.0,121.5,119.3,118.0,110.7,110.5, 109.5, 105.2, 75.9, 60.7,
59.8, 58.4, 55.8,51.3,43.3,22.2.

Anal. Calcd for C3;H33N;30s: C, 74.11; H, 5.55; N, 7.01. Found: C, 74.10;
H, 5.55; N, 7.03.
2'-(4-Chlorophenyl)-1'-(4-methylbenzoyl)-1',2",5',6',11',11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4h)

Light yellow powder; yield: 91 mg (80%); mp 236-238 °C.

IR: 3300, 3043, 2980, 2842, 1672, 1609, 1449 cm™".

'H NMR (400 MHz, CDCl;): §=7.99(d,J=7.4Hz, 2 H), 7.63 (d,] = 6.8
Hz, 1H),7.41-7.38 (m, 1 H), 7.33 (d, ] = 8 Hz, 2 H), 7.28-7.24 (m, 1 H),
7.18-7.16 (m, 1 H), 7.15-7.13 (m, 1 H), 7.09-7.00 (m, 7 H), 6.95-6.93
(m, 1 H),6.69 (d,J=7.6 Hz, 1 H), 5.82 (d,J = 9.2 Hz, 1 H), 5.15 (t,] =9
Hz, 1 H), 446 (d, ] = 8.4 Hz, 1 H), 2.94-2.89 (m, 3 H), 2.62-2.60 (m, 1
H), 2.46 (s, 3 H).

13C NMR (100 MHz, CDCly): & = 199.1, 178.0, 144.8, 141.3, 135.7,
135.3, 134.1, 133.3, 132.0, 130.0, 129.8, 129.6, 128.5, 128.4, 128.0,
127.1,125.2,123.2,121.5,119.3,118.0, 110.7, 110.4, 109.6, 75.8, 59.8,
57.2,51.3,43.2,22.1,21.7.

Anal. Calcd for C35H,CIN;O,: C, 75.33; H, 5.06; N, 7.53. Found: C,
75.32; H, 5.07; N, 7.52.
1’-(4-Bromobenzoyl)-2'-(4-chlorophenyl)-1',2’,5%,6',11',11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4i)

White powder; yield: 80 mg (83%); mp 243-245 °C.
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IR: 3215, 3051, 2917, 2846, 1702, 1679, 1464 cm™'.

1H NMR (400 MHz, CDCl,): 8 = 7.95 (d, J = 2 Hz, 2 H), 7.63-7.58 (m, 2
H), 7.42-7.40 (m, 1 H), 7.29-7.27 (m, 1 H), 7.19-7.14 (m, 1 H), 7.10-
6.98 (m, 10 H), 6.70 (d, J = 7.6 Hz, 1 H), 5.86 (d, ] =9.2 Hz, 1 H), 4.99 (t,
J=8.8Hz, 1H) 438 (d, ] =8.4 Hz, 1 H), 2.95-2.88 (m, 3 H), 2.67-2.64
(m, 1 H).

13C NMR (100 MHz, CDCl;): & = 199.7, 177.7, 141.3, 136.2, 135.8,
133.8, 133.6, 132.3, 131.6, 130.1, 129.8, 128.9, 128.5, 127.7, 127.0,
129.9, 123.3,121.7, 119.5, 118.1, 110.8, 110.5, 109.8, 75.9, 59.6, 57.7,
52.7,43.2,22.2.

Anal. Calcd for C34H,5BrCIN;0,: C, 65.56; H, 4.05; N, 6.75. Found: C,
65.55; H, 4.80; N, 7.74.
1’-Cinnamoyl-2'-phenyl-1',2',5",6',11',11b’-hexahydrospiro[indo-
line-3,3'-indolizino[8,7-b]indol]-2-one (4j)

Yellow powder; yield: 101 mg (88%); mp 247-249 °C.

IR: 3286, 3081, 2954, 2820, 1702, 1657, 1587 cm™.

TH NMR (400 MHz, CDCl,): 8 = 7.93 (s, 1 H), 7.56 (d, J = 16 Hz, 1 H),
7.50 (d, J = 7.2 Hz, 1 H), 7.43 (d J = 7.2 Hz, 1 H), 7.38-7.32 (m, 6 H),
7.29-7.27 (dd, J = 7.6, 1.0 Hz, 1 H), 7.23 (d, ] = 7.2 Hz, 1 H), 7.17-7.12
(m, 4 H), 7.09-7.00 (m, 5 H), 6.69 (d J = 7.6 Hz, 1 H), 5.87 (d, ] = 8.4 Hz,
1H),4.29-4.26 (m, 1 H), 4.16 (d, | = 6.8 Hz, 1 H), 3.02-2.89 (m, 3 H),
2.80-2.76 (m, 1 H).

13C NMR (100 MHz, CDCl3): 8 = 200.7, 177.1, 1434, 141.5, 136.2,
135.2, 134.7, 130.4, 128.9, 128.6, 128.2, 127.6, 127.1, 124.2, 123.8,
123.2,121.4,119.3,117.9,111.1, 109.68, 109.62, 76.0, 59.0, 58.8, 56.2,
43.2,22.6.

Anal. Calcd for C36H,9N;0,: C, 80.72; H, 5.46; N, 7.84. Found: C, 80.72;
H, 5.47; N, 7.84.
1'-(Benzo[d][1,3]dioxole-5-carbonyl)-2'-phenyl-1’,2",5",6',11",11b’-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (4k)
White powder; yield: 93 mg (85%); mp 215-217 °C.

IR: 3341, 3047, 2883, 2831, 1706, 1616, 1484 cm™".

'H NMR (400 MHz, CDCl;): 8 = 7.83-7.81 (dd, J = 8.4, 1.8 Hz, 1 H), 7.63
(d,J=7.2Hz, 1 H), 7.58 (d, ] = 1.6 Hz, 1 H), 7.42-7.40 (m, 1 H), 7.27-
7.23 (m, 2 H), 7.18-7.01 (m, 10 H), 6.90 (d, J = 8 Hz, 1 H), 6.66 (d, J =
7.6 Hz, 1 H), 6.06 (s, 2 H), 5.82 (d,J=9.2 Hz, 1 H), 5.11 (uneven t,J = 9
Hz, 1 H), 446 (d, ] = 8.4 Hz, 1 H), 2.95-2.88 (m, 3 H), 2.65-2.61 (m, 1
H).

13C NMR (100 MHz, CDCl3): 6 = 198.1, 178.0, 152.2, 148.6, 141.3,
135.7, 135.4, 132.5, 132.3, 129.5, 128.4, 128.2, 127.4, 127.2, 125.2,
124.8, 123.1, 1214, 119.3, 118.1, 110.7, 110.3, 109.5, 108.4, 108.2,
102.1,76.0, 59.7,58.2, 51.5, 43.2, 22.1.

Anal. Calcd for C55H,7N50,: C, 75.93; H, 4.92; N, 7.59. Found: C, 75.94;
H, 4.93; N, 7.59.
(1'S,2'R,3S,11b'R)-1'-Benzoyl-2'-(thiophen-3-yl)-1',2",5',6",11",11b’-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (41)
White powder; yield: 98 mg (82%); mp 213-215 °C.

IR: 3312, 3051, 2913, 2831, 1695, 1650, 1464 cm™".

TH NMR (400 MHz, CDCL,): & = 8.11-8.09 (m, 2 H), 7.67-7.63 (m, 2 H),
7.53 (t,J = 7.8 Hz, 2 H), 7.40-7.38 (m, 1 H), 7.30-7.26 (td, ] = 7.6, 1.2
Hz, 1 H), 7.19-7.17 (m, 1 H), 7.17 (s, 1 H), 7.10-7.08 (m, 1 H), 7.05-
6.99 (m, 3 H), 6.95-6.91 (m, 2 H), 6.75-6.73 (m, 2 H), 5.84 (d, ] = 9.6
Hz, 1 H), 5.12 (uneven t, J = 8.8 Hz, 1 H), 4.61 (d, J = 8 Hz, 1 H), 2.95-
2.85 (m, 3 H), 2.64-2.61 (m, 1 H).

13C NMR (100 MHz, CDCl;): & = 200.17, 178.0, 141.5, 137.9, 136.8,
135.6, 133.6, 131.9, 129.6, 129.2, 128.4, 128.2, 127.3, 127.0, 125.5,
125.0,123.2, 122.5, 121.4, 119.3, 118.0, 110.3, 109.5, 75.2, 59.6, 53.3,
52.4,43.2,22.3.

Anal. Calcd for C3,H,5N;0,S: C, 74.54; H, 4.89; N, 8.15. Found: C,
74.55; H, 4.88; N, 8.17.
1'-Benzoyl-2'-(4-chlorophenyl)-1-methyl-1',2",5',6',11',11b'-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5a)

White powder; yield: 97 mg (84%); mp 240-242 °C.

IR: 3304, 3051, 2920, 2768, 1672, 1609, 1490 cm™".

TH NMR (400 MHz, CDCL,): § = 8.07-8.04 (m, 2 H), 7.67-7.63 (m, 2 H),
7.53 (t, ] = 7.6 Hz, 2 H), 7.41-7.38 (m, 1 H), 7.35-7.31 (m, 1 H), 7.21-
7.17 (m, 1 H), 7.07-6.98 (m, 7 H), 6.94-6.92 (m, 1 H), 6.68 (d, ] = 8 Hz,
1H),5.91(d,J=9.2 Hz, 1 H), 5.16 (uneven t, J = 9 Hz, 1 H), 4.46 (d, ] =
8.4 Hz, 1 H), 2.94-2.92 (m, 1 H), 2.89 (s, 3 H), 2.88-2.84 (m, 2 H),
2.63-2.59 (m, 1 H).

13C NMR (100 MHz, CDCl3): 8 = 199.9, 176.4, 144.3, 137.9, 135.6,
134.1, 133.7, 133.3, 129.7, 129.6, 129.2, 128.3, 128.2, 127.3, 127.0,
124.6,123.2,121.4,119.3, 118.0, 110.6, 110.4, 108.0, 75.9, 59.9, 57.4,
51.6,43.2,25.5,22.2.

Anal. Caled for C35H,5CIN;O,: C, 75.33; H, 5.06; N, 7.53. Found: C,
75.35; H, 5.05; N, 7.52.
1'-Benzoyl-2'-(4-chlorophenyl)-1-ethyl-1',2",5',6",11’,11b’-hexahy-
drospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5b)

White powder; yield: 95 mg (81%); mp 223-225 °C.

IR: 3669, 3297, 2920, 2783, 1672, 1605, 1486 cm™".

'H NMR (400 MHz, CDCl;): & = 8.07-8.05 (m, 2 H), 7.64 (t, ] = 6.8 Hz, 2
H),7.53(t,] = 7.6 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.34-7.30 (m, 1 H), 7.17
(unevent,J=7.4Hz, 1H),7.07-6.92 (m, 8 H), 6.68 (d,J = 7.6 Hz, 1 H),
5.92(d,J=9.2Hz,1H),5.17 (t,J = 8.8 Hz, 1 H), 444 (d, ] = 8.4 Hz, 1 H),
3.67-3.58 (m, 1 H), 3.33-3.24 (m, 1 H), 2.95-2.85 (m, 3 H), 2.63-2.59
(m, 1H),0.76 (t,J = 7.2 Hz, 3 H).

13C NMR (100 MHz, CDCl,): & = 200.0, 176.0, 143.4, 137.9, 135.7,
134.0, 133.6, 133.3, 131.9, 129.6, 129.6, 128.3, 128.2, 127.6, 127.1,
124.8,122.9,121.4, 1193, 118.0, 110.7, 110.5, 108.1, 75.7, 60.0, 57.5,
51.4,43.2,33.9,22.1,12.1.

Anal. Calcd for CsgH30CIN;0,: C, 75.58; H, 5.29; N, 7.34. Found: C,
75.57; H, 5.28; N, 7.33.
1’-Benzoyl-2'-(4-chlorophenyl)-1-propyl-1',2',5',6',11’,11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5c¢)

White powder; yield: 104 mg (86%); mp 205-207 °C.

IR: 3349, 3055, 2868, 2797, 1676, 1609, 1486 cm™".

H NMR (400 MHz, CDCl,): § = 8.07-8.05 (m, 2 H), 7.66-7.63 (m, 2 H),
7.55-7.51 (m, 2 H), 7.40-7.38 (m, 1 H), 7.33-7.29 (m, 1 H), 7.19-7.15
(m, 1 H), 7.08-7.06 (m, 2 H), 7.04-6.98 (m, 5 H), 6.94-6.92 (m, 1 H),
6.68 (d,J = 7.6 Hz, 1 H), 5.91 (d, J = 9.2 Hz, 1 H), 5.17 (t, ] = 8.8 Hz, 1 H),
446 (d, ] = 8.4 Hz, 1 H), 3.57-3.50 (m, 1 H), 3.26-3.21 (m, 1 H), 2.92-
2.83 (m, 3 H), 2.62-2.59 (m, 1 H), 1.30-1.21 (m, 2 H), 0.62 (t, ] = 7.4
Hz, 3 H).

13C NMR (100 MHz, CDCly): & = 200.0, 176.2, 144.0, 137.9, 135.7,
134.1, 133.6, 133.4, 131.9, 129.9, 129.6, 129.2, 128.3, 128.2, 127.5,
127.1,124.7,122.9,121.5,119.3, 118.0, 110.7, 110.5, 108.3, 75.6, 59.9,
57.4,51.5,43.2, 41.0,22.2, 20.5, 11.0.

Anal. Calcd for C3;H3,CIN;0,: C, 75.82; H, 5.50; N, 7.17. Found: C,
75.81; H,5.51; N, 7.17.
1'-Benzoyl-1-butyl-2'-(4-chlorophenyl)-1',2',5',6',11',11b’-hexahy-
drospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5d)
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White powder; yield: 99 mg (80%); mp 210-212 °C.
IR: 3334, 3051, 2891, 2794, 1691, 1605, 1464 cm™".

H NMR (400 MHz, CDCl,): & = 8.06 (d, J = 8 Hz, 2 H), 7.65 (t, ] = 7.6 Hz,
2 H),7.53 (t,] = 7.6 Hz, 2 H), 7.40-7.38 (m, 1 H), 7.31 (tm, ] = 7.6 Hz, 1
H),7.17 (t,] = 7.6 Hz, 1 H), 7.08-6.96 (m, 7 H), 6.94-6.92 (m, 1 H), 6.68
(d,J =8 Hz, 1 H),5.90 (d,J= 9.2 Hz, 1 H), 5.17 (t, ] = 8.8 Hz, 1 H), 4.46
(d,J =8 Hz, 1 H), 3.61-3.56 (m, 1 H), 3.27-3.22 (m, 1 H), 2.94-2.82 (m,
3 H),2.60 (d, ] = 12.8 Hz, 1 H), 1.25-1.16 (m, 1 H), 1.13-1.06 (m, 1 H),
0.99-0.90 (m, 2 H); 0.80 (t, ] = 7.2 Hz, 3 H).

13C NMR (100 MHz, CDCl3): 8 = 200.1, 176.1, 135.7, 134.1, 133.6,
133.4, 133.2, 131.9, 130.6, 130.1, 129.9, 129.6, 129.2, 128.3, 128.2,
127.7, 127.6, 127.1, 126.4, 125.3, 124.8, 123.1, 122.9, 121.5, 120.5,
119.3, 118.0, 110.7, 75.6, 59.9, 57.3, 51.5, 43.2, 39.2, 29.1, 22.1, 20.3,
13.7.

Anal. Calcd for C3H54CIN50,: C, 76.05; H, 5.71; N, 7.00. Found: C,
76.06; H, 5.71; N, 7.01.
1-Allyl-1'-benzoyl-2'-(4-chlorophenyl)-1',2",5',6',11°,11b’-hexahy-
drospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5e)

Off white powder; yield: 98 mg (82%); mp 222-224 °C.

IR: 3334, 3051, 2846, 2786, 1672, 1605, 1460 cm™".

H NMR (400 MHz, CDCl,): & = 8.06 (d, ] = 7.6 Hz, 2 H), 7.67-7.63 (m, 2
H), 7.53 (uneven t, ] = 7.6 Hz, 2 H), 7.49-7.31 (m, 1 H), 7.31-7.27 (m, 1
H), 7.18 (uneven t, ] = 7.2 Hz, 1 H), 7.08-6.98 (m, 7 H), 6.94-6.92 (m, 1
H), 6.63 (d,J=7.6 Hz, 1 H), 5.92 (d, J = 9.2 Hz, 1 H), 5.38-5.31 (m, 1 H)
5.18 (t,] = 8.8 Hz, 1 H), 491 (d, J = 10.4 Hz, 1 H), 4.49-4.42 (m, 2 H),
4.29-424 (m, 1 H), 3.87-3.81 (m, 1 H), 2.93-2.85 (m, 3 H), 2.64-2.60
(m, 1 H).

13C NMR (100 MHz, CDCl;): & = 199.9, 176.0, 143.5, 137.9, 135.6,
134.0, 133.7, 1334, 131.9, 130.5, 129.9, 129.6, 129.2, 128.3, 127.3,
127.1, 124.6, 123.1, 121.5, 119.3, 118.0, 116.6, 110.7, 110.5, 108.9,
75.9,59.9,57.5,51.5,43.2,41.5,22.2.

Anal. Calcd for C3;H;5,CIN;0,: C, 76.08; H, 5.18; N, 7.19. Found: C,
76.06; H,5.17; N, 7.17.
1'-Benzoyl-1-benzyl-2'-(4-chlorophenyl)-1',2',5',6',11’,11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5f)

White powder; yield: 105 mg (80%); mp 246-248 °C.

IR: 3375, 3054, 2946, 2824, 1691, 1609, 1486 cm™".

TH NMR (400 MHz, CDCl,): & = 8.08-8.05 (m, 2 H), 7.69-7.64 (m, 2 H),
7.54 (uneven t, ] = 7.8 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.21-7.10 (m, 5 H),
7.07-7.00 (m, 7 H), 6.94-6.91 (m, 1 H), 6.54-6.52 (m, 2 H), 6.49-6.46
(m, 1 H), 5.95 (d, ] = 9.2 Hz, 1 H), 5.23 (uneven t, J = 8.8 Hz, 1 H), 5.06
(d,J=16Hz, 1 H),4.55 (d,J= 8.4 Hz, 1 H), 4.31 (d,J = 16 Hz, 1 H), 2.93-
2.87 (m, 3 H), 2.64-2.61 (m, 1 H).

13C NMR (100 MHz, CDCl;): & = 199.9, 176.7, 143.6, 138.0, 137.6,
134.9, 134.2, 133.7, 133.5, 131.8, 130.2, 129.6, 129.2, 128.6, 128.3,
127.3, 127.0, 126.4, 124.7, 123.2, 121.5, 119.3, 118.0, 110.7, 110.5,
109.2,75.8,59.9,57.2,51.6,43.2,22.2.

Anal. Calcd for C4H5,CIN;0,: C, 77.65; H, 5.09; N, 6.63. Found: C,
77.64; H, 5.09; N, 6.64.
1'-Benzoyl-2'-(4-chlorophenyl)-5-fluoro-1',2",5',6',11°,11b’-hexa-
hydrospiro[indoline-3,3’-indolizino[8,7-b]indol]-2-one (5g)

Off white powder; yield: 93 mg (80%); mp 213-215 °C.

IR: 3431, 3300, 2909, 2820, 1713, 1676, 1482 cm™".

'H NMR (400 MHz, CDCl,): & = 8.02-8.00 (m, 2 H), 7.66 (uneven t, ] =
7.4 Hz, 1 H), 7.53 (uneven t, ] = 7.8 Hz, 2 H), 7.44-7.39 (m, 2 H), 7.14-
6.89 (m, 10 H), 6.65-6.62 (m, 1 H), 5.85 (d, J= 9.2 Hz, 1 H), 5.11 (t, ] =
8.6 Hz, 1 H), 4.44 (d,] = 8 Hz, 1 H), 2.93-2.86 (m, 3 H), 2.66-2.62 (m, 1
H).

13C NMR (100 MHz, CDCl): & = 199.5, 177.8, 138.0, 137.1, 135.6,
133.9, 133.7, 133.6, 131.5, 129.9, 129.3, 128.5, 128.2, 127.0, 121.6,
119.4, 118.1,116.3, 116.1, 113.0, 112.0, 110.6, 110.4, 110.38, 110.30,
76.2,60.0,57.5,51.4,43.3,22.2.

Anal. Calcd for C34H,5CIFN;0,: C, 72.66; H, 4.48; N, 7.48. Found: C,
72.65; H, 4.49; N, 7.50.
1'-Benzoyl-5-chloro-2'-(4-chlorophenyl)-1',2",5',6’,11’,11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5h)
White powder; yield: 92 mg (77%); mp 214-216 °C.

IR: 3326, 2805, 1695, 1613, 1475 cm™".

H NMR (400 MHz, CDCl3): & = 8.00 (d, J = 7.6 Hz, 2 H), 7.67-7.64 (m, 2
H), 7.54 (t, ] = 7.6 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.24 (d, J = 2 Hz, 1 H),
7.14(d, ] = 8.4 Hz, 2 H), 7.07 (d, J = 8.4 Hz, 2 H), 7.04-7.02 (m, 2 H),
7.00 (s, 1 H), 6.91-6.89 (m, 2 H), 6.63 (d, ] = 8.4 Hz, 1 H), 5.85 (d, / = 9.6
Hz, 1 H), 5.10 (uneven t, ] = 8.6 Hz, 1 H), 4.46 (d, J = 8 Hz, 1 H), 2.94-
2.85 (m, 3 H), 2.67-2.63 (m, 1 H).

13C NMR (100 MHz, CDCl3): 8 = 197.2, 175.1, 137.4, 135.8, 1334,
131.6, 131.5, 131.4, 129.1, 127.7, 127.6, 127.0, 126.5, 126.3, 125.9,
124.7,123.1,122.9,119.3, 117.1, 115.8, 108.4, 108.2, 73.7, 57.7, 55.3,
49.1,41.0, 20.0.

Anal. Calcd for C34H,5CI;N30,: C, 70.59; H, 4.36; N, 7.26. Found: C,
70.58; H, 4.35; N, 7.25.
1'-Benzoyl-5-bromo-2'-(4-chlorophenyl)-1,2',5',6',11’,11b’-hexa-
hydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5i)

Off white solid; yield: 100 mg (78%); mp 218-220 °C.

IR: 3435, 3196, 2943, 2801, 1695, 1613, 1464 cm™".

TH NMR (400 MHz, CDCl,): & = 8.00 (d, J = 7.2 Hz, 2 H), 7.81 (d, ] = 1.6
Hz, 1 H), 7.67 (t,] = 7.6 Hz, 1 H), 7.54 (t, ] = 7.8 Hz, 2 H), 7.41-7.39 (m,
2 H),7.14(d,J=8.4Hz, 2 H),7.08 (d,] = 8.4 Hz, 2 H), 7.04-7.01 (m, 2
H), 6.91-6.90 (m, 3 H), 6.59 (d, ] = 8 Hz, 1 H), 5.85 (d, J = 8.8 Hz, 1 H),
5.10 (unevent, J = 8.6 Hz, 1 H), 4.45 (d, J = 8 Hz, 1 H), 2.94-2.85 (m, 3
H), 2.67-2.63 (m, 1 H).

13C NMR (100 MHz, CDCl;): & = 199.6, 177.3, 138.0, 135.7, 133.9,
133.7, 133.6, 132.6, 131.4, 130.3, 129.97, 129.90, 129.6, 129.3, 128.5,
128.4, 128.3, 128.2, 128.1, 127.0, 125.1, 121.6, 119.4, 118.1, 115.9,
111.2,110.6,110.4, 75.6, 59.8, 57.5, 51.5, 43.3, 22.2.

Anal. Calcd for C34H,5BrCIN;0,: C, 65.56; H, 4.05; N, 6.75. Found: C,
65.54; H, 4.04; N, 6.75.
1'-Benzoyl-2'-(4-chlorophenyl)-5-iodo-1',2",5',6',11',11b’-hexahy-
drospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5j)

White powder; yield: 119 mg (86%); mp 168-170 °C.
IR: 3353, 3192, 2939, 2797, 1695, 1605, 1464 cm™'.

TH NMR (400 MHz, CDCL,): & = 8.01-7.99 (m, 2 H), 7.96 (d, 1.6 Hz, 1
H), 7.69-7.65 (m, 1 H), 7.61-7.58 (dd, J = 8.4, 1.6 Hz, 1 H), 7.54 (un-
event,J=82Hz, 2 H), 7.44-7.39 (m, 1 H), 7.14 (d, ] = 8.8 Hz, 2 H), 7.07
(d,J = 8.4 Hz, 2 H), 7.04-7.01 (m, 2 H), 6.96 (s, 1 H), 6.91-6.89 (m, 2
H), 6.49 (d, ] = 8 Hz, 1 H), 5.84 (d, J = 9.2 Hz, 1 H), 5.10 (t, ] = 8.4 Hz, 1
H), 4.44 (d, ] = 8 Hz, 1 H), 2.94-2.84 (m, 3 H), 2.67-2.63 (m, 1 H).

13C NMR (100 MHz, CDCly): & = 199.5, 176.9, 140.9, 138.5, 135.6,

133.89, 133.82, 133.7, 131.4, 130.6, 129.9, 129.3, 128.6, 128.2, 127.0,
121.6,119.4,118.1,111.6, 110.6, 75.8, 60.0, 57.5, 51.3, 43.3, 22.3.
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Anal. Calcd for C;34H,5ClIN;0,: C, 60.96; H, 3.76; N, 6.27. Found: C,
60.95; H, 3.77; N, 6.29.
1'-Benzoyl-1-benzyl-2'-(4-chlorophenyl)-5-fluoro-1',2",5',6',11',11b'-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5Kk)

White powder; yield: 114 mg (84%); mp 234-236 °C.
IR: 3356, 3062, 2939, 2812, 1695, 1620, 1467 cm.

'H NMR (400 MHz, CDCl;): 8 = 8.03 (d, J = 7.2 Hz, 2 H), 7.66 (uneven t,
J=7.4Hz,1H),7.54(t,J=7.6Hz,2H),7.48-7.45(dd,J=7.6,1.2 Hz, 1
H), 7.42-7.39 (m, 1 H), 7.19-7.09 (m, 7 H), 7.05-7.02 (m, 2 H), 6.97 (s,
1 H), 6.91-6.86 (m, 2 H), 6.51-6.49 (m, 2 H), 6.40-6.37 (m, 1 H), 5.95
(d,J=8.8Hz, 1 H),5.19 (unevent, ] = 8.6 Hz, 1 H), 5.06 (d, J = 16 Hz, 1
H), 452 (d,J =8 Hz, 1 H), 4.27 (d, ] = 16 Hz, 1 H), 2.94-2.86 (m, 3 H),
2.67-2.63 (m, 1 H).

13C NMR (100 MHz, CDCl;): & = 199.7, 176.0, 139.4, 138.1, 135.7,
134.6, 134.0, 133.77, 133.75, 131.5, 130.2, 129.49, 129.42, 129.3,
128.74, 128.71, 128.2, 127.5, 127.2, 1264, 121.5, 119.4, 118.1, 116.2,
116.0, 112.7, 112.4, 110.7, 110.4, 110.0, 109.9, 76.0, 60.1, 57.5, 51.5,
43.3,22.2.

Anal. Calcd for C4H;,CIFN;0,: C, 75.51; H, 4.79; N, 6.44. Found: C,
75.50; H,4.77; N, 6.45.
2'-Benzoyl-1-benzyl-5-bromo-1'-(4-chlorophenyl)-1',2',5',6',11',11b'-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (51)

White solid; yield: 118 mg (80%); mp 240-242 °C.
IR: 3390, 3047, 2902, 2797, 1695, 1605, 1467 cm™.

H NMR (400 MHz, CDCl;): & = 8.08-8.01 (m, 2 H), 7.84 (d, /= 1.6 Hz, 1
H), 7.68-7.65 (m, 1 H), 7.54 (uneven t, ] = 7.8 Hz, 2 H), 7.41-7.39 (m, 1
H), 7.32-7.29 (dd, ] = 8.4, 1.6 Hz, 1 H), 7.19-7.07 (m, 7 H), 7.04-7.02
(m, 2 H), 6.95-6.91 (m, 1 H), 6.91-6.88 (m, 1 H), 6.53-6.48 (m, 2 H),
6.34(d,J = 8.4 Hz, 1 H),5.95 (d, ] = 8.8 Hz, 1 H), 5.18 (t, ] = 8.6 Hz, 1 H),
452 (d,J=7.6 Hz, 1 H),5.05 (d, ] = 16 Hz, 1 H), 4.26 (d, ] = 16.4 Hz, 1
H),2.95-2.83 (m, 3 H), 2.67-2.63 (m, 1 H).

13C NMR (100 MHz, CDCl3): & = 199.7, 175.6, 142.5, 138.1, 135.6,
1344, 133.9, 133.8, 132.6, 131.4, 130.3, 130.2, 129.7, 129.3, 129.2,
128.78, 128.74, 128.6, 128.3, 128.2, 127.7, 127.5, 127.3, 127.0, 126 4,
126.3,121.5, 1194, 118.1, 116.1, 110.7, 110.6, 110.4, 75.8, 60.1, 57.5,
51.4,43.3,22.2.

Anal. Calcd for C4H3BrCIN;0,: C, 69.06; H, 4.38; N, 5.89. Found: C,
69.07; H, 4.38; N, 5.90.
1'-Benzoyl-5-chloro-2'-(4-chlorophenyl)-1-propyl-1',2',5',6',11",11b’-
hexahydrospiro[indoline-3,3’-indolizino[8,7-b]indol]-2-one (5m)
White powder; yield: 110 mg (86%); mp 227-229 °C.

IR: 3360, 3066, 2846, 2801, 1687, 1605, 1479 cm™".

'H NMR (400 MHz, CDCl5): 6 =8.01(d,J =8 Hz, 2 H), 7.65 (t,] = 7.2 Hz,
2 H),7.53 (t,J=7.2 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.28 (d, ] = 8.4 Hz, 1
H), 7.11 (d, J = 7.6 Hz, 2 H), 7.04-7.02 (m, 4 H), 6.94-6.90 (m, 2 H),
6.61(d,J=8.4Hz,1H),5.90(d,J=9.4Hz, 1 H),5.12 (uneven t, ] = 8.4
Hz, 1H),4.44(d,J = 8 Hz, 1 H), 3.54-3.48 (m, 1 H), 3.21-3.18 (m, 1 H),
2.93-2.80 (m, 3 H), 2.65-2.61 (m, 1 H), 1.27-1.20 (m, 2 H), 0.60 (un-
event,]=7.2Hz 3 H).

13C NMR (100 MHz, CDCl,): & = 199.7, 175.8, 142.5, 138.1, 135.6,
133.9, 133.7, 133.6, 131.6, 129.9, 129.6, 129.5, 129.3, 128.49, 128.41,
128.2,127.0,125.0,121.5,119.4,118.1, 110.6, 110.4, 109.2, 75.7, 60.1,
57.6,51.4,43.3,41.1,22.2,20.4, 10.9.

Anal. Calcd for C3;H;;CLLN;0,: C, 71.61; H, 5.04; N, 6.77. Found: C,
71.63; H, 5.05; N, 6.77.

1'-Benzoyl-2'-(4-chlorophenyl)-5-methoxy-1',2',5',6',11',11b’-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5n)

Off white powder; yield: 101 mg (85%); mp 196-198 °C.
IR: 3345, 3170, 2932, 2805, 1687, 1609, 1486 cm™".

TH NMR (400 MHz, CDCl,): § = 8.06-8.04 (m, 2 H), 7.65 (t, ] = 7.6 Hz, 1
H), 7.53 (t,] = 7.8 Hz, 2 H), 7.40-7.38 (m, 1 H), 7.23 (d, ] = 2.4 Hz, 1 H),
7.12-6.91 (m, 9 H), 6.82-6.79 (dd, ] = 8.4, 2.4 Hz, 1 H), 6.61 (d, = 8.4
Hz, 1H),5.85 (d, ] = 9.2 Hz, 1 H), 5.14 (uneven t, J = 8.8 Hz, 1 H), 4.45
(d,J = 84 Hz, 1 H), 3.83 (s, 3 H), 2.95-2.87 (m, 3 H), 2.65-2.62 (m, 1
H).

13C NMR (100 MHz, CDCly): & = 199.9, 177.8, 156.4, 137.9, 135.6,
134.5, 134.1, 133.7, 133.4, 131.8, 129.9, 129.2, 128.4, 128.3, 127.0,
121.5,119.3, 118.0, 115.0, 111.0, 110.7, 110.4, 110.2, 76.3, 59.9, 57.5,
55.9,51.5, 43.2, 22.2.

Anal. Calcd for C35HygCIN;O5: C, 73.23; H, 4.92; N, 7.32. Found: C,

73.23; H,4.93; N, 7.33.
'-Benzoyl-1-benzyl-2'-(4-chlorophenyl)-5-methoxy-

1',2',5",6',11',11b’-hexahydrospiro[indoline-3,3'-indolizino[8,7-b]in-

dol]-2-one (50)

White powder; yield: 116 mg (85%); mp 248-250 °C.

IR: 3338, 3028, 2946, 2794, 1676, 1605, 1490 cm™".

H NMR (400 MHz, CDCl,): & = 8.08-8.06 (m, 2 H), 7.66 (t, ] = 7.6 Hz, 1
H), 7.54 (uneven t, ] = 7.8 Hz, 2 H), 7.41-7.39 (m, 1 H), 7.28 (d, J = 2.4
Hz, 1 H), 7.19-7.15 (m, 3 H), 7.13-7.07 (m, 4 H), 7.03-7.02 (m, 3 H),
6.93-6.91 (m, 1 H), 6.73-6.70 (dd, J = 8.4, 2.6 Hz, 1 H), 6.52-6.50 (m, 2
H),6.37 (d,J = 8.8 Hz, 1 H), 5.95(d,J = 9.2 Hz, 1 H), 5.22 (t, ] = 8.8 Hz, 1
H), 5.04 (d, J = 16 Hz, 1 H), 4.52 (d, ] = 8 Hz, 1 H), 4.27 (d, ] = 16 Hz, 1
H),3.81 (s, 3 H), 2.95-2.87 (m, 3 H), 2.66-2.62 (m, 1 H).

13C NMR (100 MHz, CDCl;): 8 = 200.0, 175.9, 156.5, 138.0, 136.9,
135.6, 135.0, 134.2, 133.7, 133.5, 131.9, 130.2, 129.2, 128.7, 128.63,
128.61, 128.3, 127.3, 127.0, 126.4, 121.5, 119.3, 118.0, 114.6, 111.0,
110.7,110.4, 109.8, 76.1, 60.0, 57.4, 55.8, 51.5, 43.2, 22.2.

Anal. Caled for C4H54CIN5O5: C, 75.95; H, 5.16; N, 6.33. Found: C,
75.94; H, 5.18; N, 6.36.
1'-Benzoyl-6-chloro-2'-(4-chlorophenyl)-1-propyl-1',2',5,6',11",11b’-
hexahydrospiro[indoline-3,3'-indolizino[8,7-b]indol]-2-one (5p)

Red powder; yield: 100 mg (78%); mp 241-243 °C.

IR: 3364, 3055, 2961, 2805, 1684, 1613, 1445 cm™".

H NMR (400 MHz, CDCl,): § = 8.04-8.01 (m, 2 H), 7.66 (t, ] = 7.2 Hz, 1
H), 7.59-7.51 (m, 3 H), 7.40-7.38 (m, 1 H), 7.11-7.07 (m, 4 H), 7.04-
6.99 (m, 4 H), 6.95-6.91 (m, 1 H), 6.68 (d, = 1.6 Hz, 1 H), 5.86 (d, J =
8.8 Hz, 1 H), 5.15 (uneven t, J = 8.6 Hz, 1 H), 443 (d, J = 8 Hz, 1 H),
3.55-3.48 (m, 1 H), 3.23-3.17 (m, 1 H), 2.89-2.81 (m, 3 H), 2.63-2.59
(m, 1H), 1.29-1.22 (m, 2 H), 0.62 (uneven t, | = 7.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3): 6 = 199.7, 176.2, 145.2, 138.0, 135.6,
1354, 133.9, 133.7, 133.6, 131.7, 129.9, 129.3, 128.4, 128.2, 127.9,
127.3, 127.0, 126.1, 125.8, 122.9, 121.6, 1194, 118.1, 110.7, 110.5,
108.9, 75.3,59.9,57.3,51.3, 43.1, 41.1, 22.1, 20.4, 10.9.

Anal. Caled for C3;H;3,Cl,N;0,: C, 71.61; H, 5.04; N, 6.77. Found: C,
71.62; H, 5.05; N, 6.78.
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