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Figure S116. (A) Constraint distances “H — Poslon-1 = 9.375, H — Poslon-2 = 4.037, H —
HBA = 6.763, Poslon-1 — Poslon-2 = 5.848, Poslon-1 — HBA = 3.869, Poslon-2 — HBA
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for the synthesized bio-active spiro-compounds 30-63 against HelLa (cervical carcinoma)
cell line which contains two positive ionizables (Poslon-1, Poslon-2; red), one
hydrophobic (H; light blue) and one hydrogen bonding acceptor (HBA; green).

Figure S117. 3D-pharmacophore mapped on the synthesized bio-active spiro-compounds

30-63 against HeL.a (cervical carcinoma) cell line.



Table S1. Experimental and optimized intramolecular geometrical parameters (bond lengths, A) of compounds 46 and 48.

_ Compound 46 Compound 48

Geometric parameters

Exp. X-ray AM1 PM3 Exp. X-ray AM1 PM3
F1—C21 1.366 1.354 1.343 1.388 1.354 1.343
F2—C31 1.376 1.354 1.343 1.374 1.354 1.343
Cl1—C2 1.519 1.524 1.519 1.517 1.524 1.519
Cl1—Ci14 1.554 1.582 1.562 1.559 1.582 1.562
Cl1—-C24 1.585 1.575 1.578 1.575 1.575 1.578
Cl1—N1 1.472 1.473 1.508 1.445 1.473 1.508
C2—Cs3 1.356 1.381 1.384 1.384 1.381 1.384
c2—C7 1.391 1.432 1.412 1.389 1.432 1.412
C3—C4 1.398 1.403 1.397 1.411 1.403 1.397
C4—C5 1.362 1.391 1.390 1.326 1.391 1.390
C5—C6 1.369 1.400 1.396 1.400 1.400 1.396
C6—C7 1.381 1.395 1.389 1.355 1.395 1.389
C7—N3 1.402 1.409 1.437 1.386 1.409 1.437
C8—N3 1.492 1.445 1.478 1.528 1.445 1.479
C8—N4 1.455 1.472 1.493 1.454 1.472 1.493
C9—C10 1.500 1.530 1.526 1.511 1.530 1.526

C9—N4 1.413 1.457 1.488 1.472 1.457 1.488



C10—C11
Cl1—C1i2
C12—C13
C13—N4

Cl14—01

C14—N3

C15—N1

Cl6—C17
C16—N1

C17—C18
Cl7—C24
C18—C19
C18—C23
C19—C20
c20—C21
C21—C22
C22—C23
C24—C25
C24—C35
C25—C26

1.512
1.504
1.489
1.450
1.213
1.372
1.454
1.532
1.462
1.508
1.575
1.380
1.388
1.390
1.368
1.340
1.406
1.537
1.530
1.492

1.515
1.514
1.530
1.454
1.238
1.407
1.439
1.538
1.457
1.489
1.558
1.400
1.404
1.391
1.406
1.407
1.390
1.525
1.538
1.483

1.521
1.521
1.526
1.488
1.217
1.437
1.471
1.528
1.482
1.502
1.567
1.397
1.398
1.388
1.400
1.400
1.389
1.542
1.541
1.496

1.459
1.476
1.492
1.423
1.223
1.377
1.474
1.517
1.416
1.497
1.565
1.389
1.374
1.385
1.347
1.343
1.360
1.528
1.546
1.482

1.515
1.514
1.530
1.454
1.238
1.407
1.439
1.538
1.457
1.489
1.558
1.400
1.404
1.391
1.406
1.407
1.390
1.525
1.538
1.483

1.521
1.521
1.526
1.488
1.218
1.437
1.471
1.528
1.482
1.502
1.567
1.397
1.398
1.388
1.400
1.400
1.389
1.542
1.541
1.496



C25—02 1.207 1.239 1.217 1.213 1.239 1.217
C26—C27 1.332 1.347 1.343 1.324 1.347 1.343
C26—C34 1.512 1.498 1.493 1.489 1.498 1.493
C27—C28 1.477 1.454 1.462 1.461 1.454 1.462
C28—C29 1.383 1.401 1.397 1.385 1.401 1.397
C28—C33 1.406 1.405 1.400 1.419 1.405 1.400
C29—C30 1.399 1.391 1.388 1.367 1.391 1.388
C30—C31 1.350 1.406 1.400 1.377 1.406 1.400
C31—-C32 1.345 1.408 1.401 1.343 1.408 1.401
C32—C33 1.384 1.389 1.388 1.391 1.389 1.388
C34—N2 1.467 1.454 1.487 1.462 1.453 1.487
C35—N2 1.465 1.452 1.485 1.466 1.452 1.485
C36—C37 1.504 1.520 1.517 1.524 1.528 1.527
C36—N2 1.469 1.452 1.487 1.476 1.450 1.485
C37—C38 - --- --- 1.460 1.506 1512
RMSE 0.0256 0.0269 0.0312 0.0329
Maximum difference 0.067 0.075 0.083 0.066




Table S2. Experimental and optimized intramolecular geometrical parameters (bond angles, °) of compounds 46 and 48.

_ Compound 46 Compound 48

Geometric parameters

Exp. X-ray AM1 PM3 Exp. X-ray AM1 PM3
C2—Cl1—Ci14 102.2 100.7 100.9 99.5 100.7 100.9
C2—Cl1—-C24 117.8 113.7 114.4 119.5 113.7 114.4
Cl14—C1—C24 110.6 112.4 114.7 111.7 112.4 114.7
C2—C1—N1 109.2 110.1 107.5 110.7 110.1 107.5
Cl4—Cl1—N1 114.5 112.0 113.1 112.7 112.0 113.1
C24—C1—N1 103.0 107.9 106.2 103.1 107.9 106.2
Cl1—C2—C3 132.4 129.9 129.1 130 129.9 129.1
Cl1—C2—C7 108.3 109.6 110.8 110.1 109.6 110.8
C3—C2—C7 118.9 120.4 120.0 119.5 120.4 120.0
C2—C3—C4 120.3 118.9 118.7 118.1 118.9 118.7
C3—C4—C5 119.2 120.7 120.9 121 120.7 120.9
C4—C5—C6 122.1 1215 121.1 121.3 121.5 121.1
C5—C6—C7 117.7 118.1 117.8 118.4 118.1 117.8
C2—C7—C6 121.7 120.4 1215 121.6 120.4 121.5
C2—C7—N3 110.4 1104 110.0 110.6 110.4 110.0
C6—C7—N3 127.7 129.1 128.6 127.7 129.1 128.6
N3—C8—N4 118.7 116.3 108.6 116.6 116.3 108.6
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C10—C9—N4
C9—C10—C11
C10—C11—C12
C11—C12—C13
C12—C13—N4
C1—C14—01
C1—C14—N3
01—C14—N3
C17—C16—N1
C16—C17—C18
Cl6—C17—C24
C18—C17—C24
C17—C18—C19
C17—C18—C23
C19—C18—C23
C18—C19—C20
C19—C20—C21
C20—C21—C22
C20—C21—F1
C22—C21—F1

112.3
111.5
109.6
112.2
109.5
126.4
107.5
126.1
103.9
115.4
104.8
116.3
122.5
119.2
118.3
121.1
118.6
122.4
117.6
120.0

115.4
110.7
111.2
1111
115.6
126.6
109.1
124.0
107.0
113.7
105.0
116.5
122.9
118.3
118.8
121.0
119.6
120.0
120.0
120.0
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113.5
110.8
110.9
1111
113.8
129.1
109.0
121.8
104.0
113.0
104.6
116.0
121.5
119.2
119.3
121.0
118.9
121.0
1195
1195

110.8
112.8
112.9
113.8
109.8
126.9
109.7
123.4
105.8
114.4
103.2
117.3
124.6
117.5
117.9
120.8
117.8
123.1
117.1
1195

115.4
110.7
111.2
1111
115.6
126.6
109.1
124.0
107.0
113.7
105.0
116.5
122.9
118.3
118.8
121.0
119.6
120.0
120.0
120.0

113.5
110.8
110.9
1111
113.8
129.1
109.0
121.8
104.0
113.0
104.7
116.0
121.5
119.2
1193
121.0
118.9
121.0
119.5
119.5



C21—C22—C23
C22—C23—C18
Cl7—C24—C1

C17—C24—C25
C1—C24—C25

C17—C24—C35
Cl1—C24—C35

C25—C24—C35
C24—C25—C26
C24—C25—02

C26—C25—02

C25—C26—C27
C25—C26—C34
C27—C26—C34
C26—C27—C28
C27—C28—C29
C27—C28—C33
C29—C28—C33
C28—C29—C30
C29—C30—C31

119.1
120.4
103.7
110.2
108.4
113.6
1135
107.3
117.1
122.6
120.3
117.7
119.8
122.4
128.2
123.6
119.2
117.2
121.6
117.4

119.4
121.1
103.8
110.0
1115
110.0
113.0
108.4
118.1
121.4
120.5
118.7
118.4
122.9
127.0
122.1
118.8
119.2
120.9
1195

12

119.1
120.7
103.3
111.5
111.8
109.2
114.3
106.7
117.3
122.4
120.3
119.2
115.9
124.9
127.6
122.2
118.2
119.5
120.8
119.0

119

121.2
104.1
111.5
108.7
113.2
112.3
107

118.9
120

121

117.4
118.2
124.4
126.5
125.3
118.2
116.5
122.2
118.6

119.4
121.1
103.8
110.0
111.5
110.0
113.0
108.4
118.1
121.4
120.5
118.7
118.4
122.9
127.0
122.1
118.8
119.2
120.9
1195

119.1
120.7
103.3
111.5
111.8
109.2
114.3
106.6
117.3
122.4
120.2
119.2
115.9
124.9
127.6
122.2
118.2
119.5
120.8
119.0



C30—C31—C32
C30—C31—F2
C32—C31—F2
C31—C32—C33
C28—C33—C32
C26—C34—N2
C24—C35—N2
C37—C36—N2
C1—N1—C16
C1—N1—C15
C16—N1—C15
C36—N2—C34
C36—N2—C35
C34—N2—C35
C8—N3—C7
C8—N3—C14
C7—N3—C14
C8—N4—C13
C8—N4—C9
C13—N4—C9

124.4
117.3
118.2
117.9
121.3
1115
109.8
1135
106.0
114.4
113.9
111.4
113.4
107.8
124.1
123.3
111.5
113.7
114.3
111.7

120.2
119.9
119.9
1195
120.8
113.5
112.5
117.8
109.3
116.7
114.4
113.9
113.8
112.1
1255
124.3
110.1
114.6
111.7
111.3

13

121.1
119.5
119.4
119.0
120.6
110.7
112.2
116.4
108.7
118.6
114.5
113.6
113.7
112.6
122.6
124.3
108.3
114.4
113.6
111.7

123.3
118.1
1185
117.8
121.7
112.2
109

110.3
106.7
115.7
114.7
113.1
111.8
108

123.3
125.4
110.1
112.7
117.3
111.8

120.2
119.9
119.9
1195
120.8
113.5
112.5
117.7
109.3
116.7
114.4
114.1
113.9
112.1
1255
124.4
110.1
111.7
114.6
111.3

121.1
119.5
119.4
119.0
120.6
110.6
112.1
116.3
108.7
118.6
114.5
113.7
113.9
112.6
122.6
124.3
108.3
114.4
1135
111.7



C36—C37—C38 --- --- --- 113.3 110.4 110.6

RMSE --- 2.0361 2.3048 --- 2.1406 2.2722

Maximum difference 6.1 10.1 7.4 8.0
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Table S3. Molecular descriptor values of the BMLR-QSAR model for the antitumor
active indole-based compounds 30, 31, 33-40, 42-49 and 51-63 against HelLa (cervical

carcinoma) cell line.

Descriptors®
Entry Compd.

D D> D3 D4 Ds
1 30 3 136.7752 0 198.5068 0
2 31 3 136.6096 0 198.9305 0
3 33 3 136.7861 0 200.3036 0
4 34 3 136.3403 0 198.6065 0
5 35 3 136.6457 0 198.5477 0
6 36 3 136.6001 0 199.3658 0
7 37 3 136.8132 0 200.4607 0
8 38 3 136.7001 0 200.1806 0
9 39 3 136.6039 0 199.6096 0
10 40 3 136.7263 0 200.3751 0
11 42 3 136.4878 0 199.1451 0
12 43 3 136.3863 2 199.4495 0
13 44 3 136.3733 2 199.6382 0
14 45 3 136.608 2 198.6234 0
15 46 3 136.4379 2 199.2208 0
16 47 3 136.5666 2 199.5591 0
17 48 3 136.7948 2 199.3765 0
18 49 3 136.7274 2 200.4381 0
19 51 3 136.8106 2 199.4803 0
20 52 3 136.4403 0 199.0356 0
21 53 3 136.6514 0 200.3557 0
22 54 3 136.5028 0 198.4583 0
23 55 3 136.8162 0 200.0913 0
24 56 3 136.3108 0 199.4149 0
25 57 3 136.6281 0 200.6326 0
26 58 3 136.3404 0 200.0663 0

15



27 59 3 136.7904 0 199.6677 0
28 60 7 136.4145 0 199.7037 0
29 61 7 136.0955 0 198.4843 0
30 62 9 136.6493 0 199.747 68.44892
31 63 9 136.4786 0 198.6001 0

8 D; = Number of double bonds, D, = Max. n-n repulsion for bond C-C, Ds = Number of
F atoms, D, = Max. e-e repulsion for bond C-O, Ds = HBSA H-bonding surface area
(MOPAC PC).
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Table S4. Crystal data and refinement details for compounds 46 and 48.

Parameter Compd. 46 Compd. 48
Chemical formula C37H40F2N402 C33H42F2N402
M, 610.73 624.76

Crystal system, space group

a, b, c(A)

P

V (A%

Z

W (mm™)

Crystal size (mm)

Crystal color

No. of measured, independent and
observed [I> 2.0o(1)] reflections
Rint

R[F%> 26(F)], wR(F?), S

No. of reflections, parameters
Apmaxs Apmin (€ A7)

CCDC Number

Monoclinic, P24/c

12.1284 (4), 15.8117

(6), 17.2351 (7)
101.641 (2)
3237.2 (2)

4

0.09

0.16 x 0.15 x 0.12
Colorless

10280, 9953, 4135

0.056

0.052, 0.093, 1.10
4135, 406
0.24,-0.25
CCDC 1455157

Monaoclinic, P2;/c
12.3371 (4), 16.2079
(7), 17.0271 (9)
100.522 (2)
3347.5 (3)

4

0.09

0.25x 0.18 x 0.15
Colorless

14424, 8040, 4203

0.044

0.068, 0.131, 1.01
4203, 415
0.24,-0.31
CCDC 1455158
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Figure S11. *H-NMR spectrum of compound 31 in CDCls.
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Figure S14. *H-NMR spectrum of compound 32 in CDCls.
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Figure S16. IR spectrum of compound 33 (KBr pellet).
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Figure $23. *H-NMR spectrum of compound 35 in CDCls.

40




2066 VE —— =g

YS08' W=
£v60'Sh~"
EETIR e

1594 05— ==y

DL T —

99K~ _
SZ0'(S—
SELS"

682" 29— ——=t

6507 93— ——

e 5 —
SSOB9L~ —

xﬁﬁm
WsoLL—

f1 (ppm)

WEL'LL
Ws9'LL

groeel
(474074
EETELT
el i
9S8
[4°4:2:74

B

2066 VE——1

1508
e
Bmo.ov.\.
199405
968 bS—~—
NIYIS—F
mma.mm“\.
SSTE'LS
S68TT i

&9

——

0760601

oﬁK.om_
mg._m-V
SRITET~E
6SESEET
VIIEEET
BEEIVET
EGLOSET
EL06°9ET

oLt

1SUW———

8ELT 861 ——

T T
20 10

T
30

T
70

T
80

1
100 90
f1 (ppm)

T T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

Figure S24. **C-NMR spectrum of compound 35 in CDCl.

41



R —
S
=
=
—
—
-
<
o
—
i IEETL
—_———— Bs2vs
————— 0195L
==y
——
——— 89128
BN .= 6828
Bi=s
=
—

e 95'vL0L

T ———————— Y9601

— ZZ6GLL
SaviiL
-
Y sun
IEPE———— 6 LvZh
—_— 601224
——_ Sy 88zL
e 65 114
e ——
B szsucl
g —
e ———
T 9z '95v1
—_— £8'L071
= L606v1
e
lnﬂ =
REaee ‘v\ ey — T
=
— 9169}
=
=Y
=
3
=
.%.
<
f
{
!
b
/J.
=T sz
Tl 00162
=T 808e
SIS e S5
— 006¥8Z
— 90562
— — 8% 0262
P
\.
{
/‘
///f
== £rZOVE
zL\2ve
BL'OPvE
3 OE 09vE
=3 £4205€
_ ¢ 9958
—
—_—
s
e o
° .WIm © 2 ] 2 2 9

50

3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
1/em

26P

3600

Dr\ Reham F

4000

Figure S25. IR spectrum of compound 36 (KBr pellet).

42



DO~V NO

~r~ o~

-

ol el ol ol ol

QO wr
T NANNAAT O OO ®

YovwwwesTosoTTTTw

N et OO WOWNOI~
~r ™~ ™

TMHO
Lnocoono >

™Mo u

™M NN

@O~
wmmm

e« r VST ONDNTAO0ODODNODO

[ NMNOOHNDWw
St O OUOMOMOOT NSO O™

pe
WYOuOnnNmmM N -
™M mm
-

MMM MHMHMmM™M

MMM MOANNANANANANANNANAN NNttt rdrd = O

- v / —

5
i3]
222
885

.
W |
a4 o | ORI 1T R 2 L ) A
23 R ——FEE it a3 8EE 3
~ - - ~ ~ erale o - ® . - -
4 3 2 1 (ppen}

—_— J.-::__:}__——;’;-‘- "

[ K |

stzsalg,gg,\!s P

83 RIK|= =&
o v ©|o| i |- 'df.—'h’m‘dﬂ

-

Figure $26. *H-NMR spectrum of compound 36 in CDCls.
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Figure S28. IR spectrum of compound 37 (KBr pellet).
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Figure S30. *C-NMR spectrum of compound 37 in DMSO-ds.
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Figure $93. *C-NMR spectrum of compound 58 in DMSO-ds.
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Figure 108. A projection of the optimized structure of compound 46 by semi-empirical
AML1.
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Figure 109. A projection of the optimized structure of compound 46 by semi-empirical
PM3.
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Figure 110. A projection of the optimized structure of compound 48 by semi-empirical
AML1.
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Figure 111. A projection of the optimized structure of compound 48 by semi-empirical
PMS3.
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Figure 112. Overlay diagram of compound 46, drawn so that the central pyrrolidine rings

are overlapped (red, X-ray; green, AML1; and blue, PM3).
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Figure 113. Overlay diagram of compound 48, drawn so that the central pyrrolidine rings

are overlapped (red, X-ray; green, AML1; and blue, PM3).
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Figure 114. Dose-response curve for the synthesized compounds 30-63 against HelLa

(cervical cancer) cell line.
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Surviving fraction

I1C;, of compound 54 = 4.67 gg/ml (7.73 M)
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I1C;, of compound 62 = 47.93 pg/ml (85.18 uM)
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Figure 115. Dose-response curve for the synthesized compounds 30-63 against HepG2

(liver cancer) cell line.
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Figure S116. (A) Constraint distances “H — Poslon-1 =9.375, H — Poslon-2 = 4.037, H —
HBA =6.763, Poslon-1 — Poslon-2 = 5.848, Poslon-1 — HBA = 3.869, Poslon-2 — HBA
=4.300 A” and (B) constraint angles “H — Poslon-1 — Poslon-2 = 15.24, H — Poslon-1 —
HBA = 47.33, Poslon-2 — H — Poslon-1 = 37.11 °” of the generated 3D-pharmacophore
for the synthesized bio-active spiro-compounds 30-63 against HeLa (cervical carcinoma)
cell line which contains two positive ionizables (Poslon-1, Poslon-2; red), one

hydrophobic (H; light blue) and one hydrogen bonding acceptor (HBA; green).

165



Compound 30

Compound 31

166



Compound 32

167



-
3
=
E
5
g
=
8
g
@

Compound 35

168



Compound 36

169



Compound 38

170



171



o
4
-
=
5
S
-
g
g
@

Compound 43

172



Compound 44

Compound 45

173



Compound 46

Compound 47

174



Compound 48 ’

Compound 49

175



Compound S0

Compound 51

176



177



Compound 54

178



Compound 57

179



180



Compound 60

181



Compound 63

Figure S117. 3D-pharmacophore mapped on the synthesized bio-active spiro-compounds

30-63 against HeLa (cervical carcinoma) cell line.
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