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SPECTRAL SECTION

3H-Spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline/-1,2',5,10(4H)-tetraone (7a)
TK254 . 66-DMSO-1H m
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Specirum from 20230208HANG.wiff2 (sample 20) - TK254.66, Experiment 1, +IDA TOF MS (20 - 4500) from 0.240 min
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4'-Chloro-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline]-1,2',5,10(4H)-tetraone (7b)
TK254.77-DMSO-1H
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KT254 .77-DMSO-C13CPD an
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Spectrum from 20230208HANG wiff2 (sample 22) - TK254.77, Experiment 1, +IDA TOF MS (20 - 4500) from 0.186 min
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4'-Methyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline[-1,2',5,10(4H)-tetraone (7c)
TK254.85-DMSO-1H
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Spectrum from 20230208HANG.wiff2 (sample 23) - TK254.85, Experiment 1, +IDA TOF MS (20 - 4500) from 0.189 min
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4'-Bromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indolinel-1,2',5,10(4H)-tetraone (7d)
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Spectrum from 20230208HANG.wiff2 (sample 24) - TK254.86, Experiment 1, +IDA TOF MS (20 - 4500) from 0.203 min
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6'-Methyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone (7e)
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Spectrum from 20230208HANG.wiff2 (sample 26) - TK254.98, Experiment 1, DA TOF MS (20 - 4500) from 0.132 min
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4',6’-Dibromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indolinel-1,2',5,10(4H)-tetraone
(7N

TK254.74-DMSO-1H

11.048
11.030

,_
f:—
b
-

-
(2]
o
E-Y
[ X
[
-
o

13 12 11 10 9 ppm

_c
1.00 =
1,00,
223



TK254 .74-DMSO-1H
sRGKER
L)

W 03 04 00— D 4 00 = 0w
o T 60 © W o ) 0o o o -
[=X-F-F- 03 00 60 €0 00 0 00 @© w - =
00 0 @ © Lanl ol ol ol ol o ~ ~

L & Jt |

I I I I T I

320 815 810 8.05 8.00 795 7.90 785 TSD 775 TTIJ '.’65 ?BO ?55 TSD 745 ?40 T35 ppm

P— - _— |

- R =

L ke b I e i i g

—66.43

WIWR
5
LB

220 200 180 160 140 120 100 20 €0 40 20 ppm



KT254 .74-DMSO-C13CPD an

36

156.81

=
-
@
=

—178.97
—177.861
—189.29
126
126
—116.57
—113.57
—102.13
—100.27
—_—ff.43
—9,

I I I I I I I I T I I I I I

180 170 160 150 140 130 120 110 100 20 80 70 60 ppm

Spectrum from 20230208HANG.wiff2 (sample 21) - TK254.74, Experiment 1, +IDA TOF MS (20 - 4500) from 0.243 min
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4',6’-Dimethyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indolinel-1,2',5,10(4H)-tetraone
(78)
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Spectrum from 20230208HANG.wiff2 (sample 28) - TK254.101, Experiment 1, +DA TOF MS (20 - 4500) from 0.294 min
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Specirum from 20230208HANG.wiff2 (sample 25) - TK254 91, Experiment 1, +IDA TOF MS (20 - 4500) from 0.143 min
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1'-(4-(Trifluoromethyl) benzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline/-
1,2',5,10(4H)-tetraone (7i)
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TK254.100-DMSO-C13CPD
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Spectrum from 20230208 HANG.wiff2 (sample 27) - TK254.100, Experiment 1, +IDA TOF MS (20 - 4500) from 0.123 min
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1'-(4-Chlorobenzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indolinel-1,2',5,10(4H)-

tetraone (7j)
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Specirum from 20230208HANG.wiff2 (sample 28) - TK252.37, Experiment 1, +IDA TOF MS (20 - 4500) from 0.321 min
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1'-(4-Bromo-2-fluorobenzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"-indoline/-
1,2',5,10(4H)-tetraone (7k)
TK252.39-DMSO-1H
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Spectrum from 20230208 HANG.wiff2 (sample 30) - TK252.39, Experiment 1, +IDA TOF MS (20 - 4500) from 0.319 min
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5'-Chloro-1'-(4-(trifluoromethyl) benzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3’-
indoline/-1,2',5,10(4H)-tetraone (71)
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—11.101
112
2
874
871
859
856
849
44
30
T47

‘ | A W | .L

I T T T T T T I J I I I I

13 12 1 10 7 -] 5 4 3 2 1 0 ppm

T T
] 8
| ] J | |
s e e
o la|=|=|af=|= |a|a
|.—' lsldlsilalel= le=les




TK252.42L2-DMSO-C13CPD
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Specirum from 20230208HANG.wiff2 (sample 31) - TK252.42L.2, Experiment 1, +IDA TOF MS (20 - 4500) from 0.278 min
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1'-(4-Bromo-2-fluorobenzyl)-6'-methyl-3 H-spiro[benzo[g[furo[3,4-b]quinoline-11,3'-
indolinel-1,2',5,10(4H)-tetraone (7m)
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Specirum from 20230208HANG.wiff2 (sample 32) - TK252.44, Experiment 1, +IDA TOF MS (20 - 4500) from 0.122 min

10000 585 0454I 587.0436

9000 607.0273 09,0256
8000
7000
6000

5000

Intensity, cps

4000

3000 538.0473
1

610.0299
586.0486 608.0326 !

2000

1000 602.0728
‘ i
0 ly 1y e d i ol 1 I ] ||||H|\IJ\ T H|\|li\\u]hl||

644.1186

6451243

646.1177 g58 1363
?4?.1200 &

575 580 585 590 595 600 605 610 615 620 625 630
Mass/Charge, Da

635

640

645

650 655




The structural elucidation of compound 7m:

The HR-ESI-MS of 7m showed quasi-molecular ion peaks at m/z 585.04564 and 587.0436 [M+H]"
(caled. for [C30H 9BrFN,O5]*: 585.0456 and 587.0436) and m/z 607.0273 and 609.0256 [M+Na]*
(caled. for [C30HsBrFN;NaOs]*: 607.0276 and 609.0255). IR spectrum revealed the presence of
NH bond (3314 cm™), carbonyl group of jybutyrolactone (1762 cm™'), carbonyl group of
naphthoquinone (1726 cm™!) and carbonyl group of an amide (1655 cm™). The 'H-NMR spectrum
showed signals characteristic of one NH proton (6y 11.06 (1H, s)), four protons of quinone system
{0y 8.09 (1H, m, H-6), oy 7.89-7.88 (1H, m, H-9), 7.86-7.83 (2H, m, H-7, H-8)}, three benzyl
aromatic protons {oy 7.81 (1H, t, /= 8.4 Hz, H-6"), 7.64 (1H, dd, J=9.6, 1.8 Hz, H-3"), 7.44 (1H,
dd, J=8.4 Hz, J= 1.8 Hz, H-5"")}, three indoline protons {oy 7.09 (1H, d, J= 7.2 Hz, H-8'), 6.99
(1H, d,J=7.2 Hz, H-5"), 6.87 (1H, t,J= 7.2 Hz, H-7")}, two benzylic methylene protons {oy 5.18
and 5.13 (1H each, d, J = 17.4 Hz, H-7")}, methylene group of j~lactone ring {oy 5.05 (2H, d, J =
16.8 Hz, H-3)) and methyl group at oy 2.23 (3H, s). The *C-NMR spectrum confirmed the
presence of carbonyl carbons at ¢ 181.3 (C-10), 178.9 (C-5), 177.8 (C-2"), and 169.4 (C-1). A
fluorine-coupled carbon 158.9 (d, J = 247.5 Hz, C-F) along with 10 CH carbons, 11 Cq aromatic
carbons, 2 CH, carbons (butyrolactone and benzyl carbon), 1 CH; carbon and 1 spiro carbon were
observed. Detailed analysis of the HSQC spectrum confirmed the direct correlations between
protons and carbons. Notable assignments included dy/0¢ correlations at 5.05/66.4 (H-3/C-3) and
5.18, 5.13/39.92 (H-7"/C-7"), further supporting the spiro connectivity. The aromatic regions
showed expected correlations such as oy 7.64/118.6 (H-3"/C-3") and &y 7.44/127.8 (H-5"/C-5").
The structure was further elucidated by the HMBC spectrum, which revealed long-range
correlations supporting the connectivity of the spiro system and the substitution patterns.
Correlations from H-3 to C-3a, C-4', and C-6', as well as from H-7" to C-1 and C-11, confirmed
the spiro connection and the placement of the benzyl substituent. The methyl group at C-9' was
verified by correlations from H-9 to C-8, C-10, and C-11. These analyses conclusively determined
the structure of product 7m as 1'-(4-bromo-2-fluorobenzyl)-6'-methyl-3 H-spiro[benzo[g]furo[3,4-
b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone.



14. 5',6"-Dibromo-1'-(4-(trifluoromethyl)benzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3"
indolinel-1,2',5,10(4H)-tetraone (7n)

TK252.51L2-DMSO-1H
sROKER
PO

M0t MO0 MWD M =T L ow  own

100 0404 04 00 O [~ D W0 0 D o @ ™M o Moy o
~~~~~ A O 00 90 0 00 0 W0 R ® - ~ ~ W nn
o0 00 00 00 @ Lot ol ol o ol ol o ol o Lo ~ M~

8.15 8.10 8.05 8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60 ppm

| e wT T W e B



[a]
[N
(@]
™M
1
8]
1
(@]
0
b
?
o
|
L
0
o
T}
o
b
H

ppm

T T T T T T
200 180 160 140 120 100 80 60 40

T
220

TK252.51L2-DMSO-C13CPD

Z1
ST

11
gz
[ilv iy
e

9T

TE”

8™

ST

5T°
e —

£E

L6

‘821
.mm:”vl

92T~ _
92T—"

LET——

{ et

T ET,

LET=—

EEl—

TRETm——
08"

SET—

BET——

R R

b

ppm

T
120

T
125

T
130

T
135

T
140




Spectrum from 20230208HANG.wiff2 (sample 33) - TK252.51L2, Experiment 1, +IDA TOF MS (20 - 4500) from 0.295 min

500 7008359
450

400

o 7025299

300 698 9366

230

Intensity, cps

200

701.9340

150
702.4993 7039361

100

30

698 699 700 701 02 703 704 705
Mass/Charge, Da

706




