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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)
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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)
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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)
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4'-Bromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone (7d)
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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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4',6’-Dibromo-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone 
(7f)
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4',6’-Dimethyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone 
(7g)
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1'-Benzyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-tetraone (7h)
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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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1'-(4-Chlorobenzyl)-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-indoline]-1,2',5,10(4H)-
tetraone (7j)
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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)
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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 (7l)
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1'-(4-Bromo-2-fluorobenzyl)-6'-methyl-3H-spiro[benzo[g]furo[3,4-b]quinoline-11,3'-
indoline]-1,2',5,10(4H)-tetraone (7m)
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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]+ 
(calcd. for [C30H19BrFN2O5]+: 585.0456 and 587.0436) and m/z 607.0273 and 609.0256 [M+Na]+ 
(calcd. for [C30H18BrFN2NaO5]+: 607.0276 and 609.0255). IR spectrum revealed the presence of 
NH bond (3314 cm−1), carbonyl group of -butyrolactone (1762 cm−1), carbonyl group of 
naphthoquinone (1726 cm−1) and carbonyl group of an amide (1655 cm−1). The ¹H-NMR spectrum 
showed signals characteristic of one NH proton (δH 11.06 (1H, s)), four protons of quinone system 
{δH 8.09 (1H, m, H-6), δH 7.89–7.88 (1H, m, H-9), 7.86–7.83 (2H, m, H-7, H-8)}, three benzyl 
aromatic protons {δH 7.81 (1H, t, J = 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 {δH 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 {δH 5.18 
and 5.13 (1H each, d, J = 17.4 Hz, H-7'')}, methylene group of -lactone ring {δH 5.05 (2H, d, J = 
16.8 Hz, H-3)) and methyl group at δH 2.23 (3H, s). The ¹³C-NMR spectrum confirmed the 
presence of carbonyl carbons at δC 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 CH2 carbons (butyrolactone and benzyl carbon), 1 CH3 carbon and 1 spiro carbon were 
observed. Detailed analysis of the HSQC spectrum confirmed the direct correlations between 
protons and carbons. Notable assignments included δH/δC 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 δH 7.64/118.6 (H-3''/C-3'') and δH 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-3H-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'-
indoline]-1,2',5,10(4H)-tetraone (7n)
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