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ABSTRACT ARTICLE HISTORY

A multicomponent pathway has been described for the synthesis of novel Received 30 June 2021
pyrano (3,2-c) quinolone fused spirochromenes by piperidine catalyzed Accepted 26 November 2021
reaction between isatins, phenyl (or alkyl) sulfonyl acetonitrile and 4-
hydroxy-N-methylquinoline-2-one. Decent yields coupled with easy isola-
tion of the products and avoidance of conventional purification methods
are the noteworthy merits of the developed protocol.
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Introduction

The first multicomponent reaction was introduced more than a century ago for the synthesis of
a-amino acids." However, with the knowledge about the advantages of multicomponent reactions
like reduction in the number of steps, high yields, easy isolation of the product and minimal gen-
eration of waste, last two decades have witnessed tremendous advances in this field>™* and the
current day research in this field has been focused on the design and library synthesis of structur-
ally related molecules with promising biological potential.”” In this context concept of synthesis
of hybrid molecules by combination of three or more reactants with individual mode of action,
the pharmacophores, is enjoying growing interest.® "

It is well known that, indole (A, Figure 1) is the most ubiquitous heterocyclic moiety present
in a large number of bioactive natural products and sharing of indole 3-carbon atom in the for-
mation of spiroindoline (B, Figure 1) highly enhances it’s biological activity.'* The presence of
carbonyl group at C-2 in spiroindoline generates spiro-2-oxindole, spirooxindole (C, Figure 1)
and it serves as an important template in the synthesis of medicinally prevalent organic
compounds. Many spirooxindole derivatives are known to exhibit anti-microbial, anti-oxidant,
anti-inflammatory, anti-tubercular, anti-cancer, and anti-HIV as well as anti-inflammatory activ-
ity.">"*° Sharing of C-3 in spirooxindoles with another heterocyclic ring generates hetero-annu-
lated spirooxindoles and among the hetero-annulated spirooxindoles, spirochromenes, wherein
4H-chromene (tetrahydrobenzo[b] pyran) ring is fused to spirooxindole system (D, Figure 1) are
of particular interest due to their useful biological properties such as spasmolytic, diuretic, anti-

. . . C 21,22
coagulant, anticancer, and anti-anaphylactic activities.
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Figure 1. Designing of novel pyrano(3,2-c) quinolone fused spirochromenes.

Alike spirochromene, pyrano (3,2-c) quinolone moiety (E, Figure 1) serves as another import-
ant pharmacophore as many compounds of natural as well as synthetic origin containing pyr-
ano(3,2-c)quinolone as the structural unit are known to exhibit antidiabetic, anti-proliferative,
anti-inflammatory as well as antiallergic activities.”>** A few compounds of this class are also
known to exhibit calcium channel blocking activities.””> Taking recourse to the bio-profiles of spi-
rochromenes as well as pyrano(3,2-c) quinolones and based upon the hypothesis that, the pres-
ence of two different heterocyclic moieties in single molecule can dramatically enhance it’s
biological potential,”**’ it was surmised that, synthesis of pyrano (3,2-c) quinolone fused spiro-
chromenes (F, Figure 1) serves as an attractive target.

From reterosynthetic view point, pyrano (3,2-c) quinolone fused spirochromenes can be syn-
thesized by multicomponent reaction of isatin, 4-hydroxyquinolin-2-one and an active methylene
compound containing nitrile function like malononitrile, alkyl cyanoacetate or arylsulfonyl aceto-
nitrile. Focused literature survey in this context revealed that, there are only limited number of
protocols reported earlier for the synthesis of pyrano(3,2-c) quinolones which make use of malo-
nonitrile or alkyl cyanoacetate as an active methylene compound. *»****' A more interesting
fact in this context was to note that, although many compounds bearing sulfone moiety are
known to possess significant biological activities’>>° there are only two reports on the use of
aryl/alkylsulfonyl acetonitrile as an active methylene compound as well as the source of sulfone
moiety.””*® Based upon this survey and our earlier studies on diversity oriented synthesis of 2-
amino-4H-chromenes™ ** we planned to undertake multicomponent synthesis of pyrano (3,2-c)
quinolone fused spirochromenes containing sulfone group by the reaction between isatin, phenyl
(or alkyl) sulfonyl acetonitrile and 4-hydroxy-N-methylquinolin-2-one (Scheme 1A).

Results and discussion

From our laboratory, the diethylamine catalyzed synthesis of 3- (phenylsulfonyl) pyrano [3,2-c]-
quinolones by the reaction between an aromatic aldehyde, phenylsulfonyl acetonitrile and
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Scheme 1. Multicomponent synthesis of pyrano (3,2-c)quinolone fused spirochromenes.

4-hydroxy-N-methylquinoline-2-one (Scheme 1A) has been reported earlier.”> Taking clues from
this report we surmised that, desired synthesis of pyrano (3,2-¢) quinolone fused spirochromenes
can also be achieved by simply replacing aldehyde component from this reaction with isatin
(Scheme 1B). Accordingly, a model reaction was carried out using isatin, la, phenylsulfonyl
acetonitrile, 2a, and 4-hydroxy-N-methylquinolin-2-one, 3, as the substrates (1 mmol, each),
diethylamine (30 mol %) as the catalyst and ethanol (4 mL) as the reaction medium. Contrary to
our expectation, we did not observe any progress in the reaction even after stirring the reaction
mixture overnight (entry 1, Table 1). Change in the reaction medium from ethanol to ethyl acet-
ate, acetone, dimethyl formamide as well as dimethyl sulfoxide was also not found to be beneficial
in changing the course of the reaction (entry 2, Table 1). Hence, the model reaction was carried
out under reflux condition. During reflux, formation of a new product was noticed (TLC) how-
ever; even after reflux for twelve hours the reaction did not go to completion (entry 3, Table 1).
The resultant product in moderate yield was isolated, purified and it was characterized by spectral
studies. "H-NMR spectrum (Spectrum 1) exhibited a sharp singlet at § 3.42 for N-methyl group
protons and a multiplet between J 6.31 to 8.15 due to fifteen aromatic and amino group protons.
In addition, a characteristic singlet due to highly deshielded N-H proton was also observed at
10.43 ppm. In C-NMR spectrum of the same (Spectrum 2), three characteristic signals were
observed at 629.5 (N-methyl group carbon), at ¢ 49.3 (quaternary carbon C — 3, 4') and at
0179.1 (carbonyl group, C — 2). On the basis of spectral studies it was identified to be the desired
spirochromene, 4a. In high resolution mass spectrum (Spectrum 3) the observed exact mass of
the compound (486.1117 amu) was in perfect agreement with the calculated value of exact mass
of 4a, Cy,sH oN30s5S: 486.1118 amu. These spectral details are coherent with those for desired
product, 4a. Spectral details are shown in Figure 2.

This encouraging result prompted us to screen other basic catalysts for this reaction.
Accordingly, the reaction was repeated using potassium phosphate, potassium carbonate, triethyl-
amine, DBU, DABCO, DMAP as well as piperidine as the catalysts. In the presence most of these
catalysts the desired product, 4a, resulted in moderate but comparable yield (entries 4-9, Table
1). On the other hand, in the presence of piperidine as the catalyst desired product, 4a, was
obtained in excellent yield (entry 10, Table 1). Subsequent studies on optimization of the reaction
conditions revealed that, with the decrease in the amount of the catalyst, the product, 4a, resulted
in lower yields and the increase in the reflux time was not helpful in improvement of yield of the
desired product (entries 11-13, Table 1).

Having established the optimum reaction conditions, we next turned our attention to establish
generality of the reaction conditions. Accordingly, isatins bearing electron-withdrawing or elec-
tron-donating group were allowed to react with phenylsulfonyl acetonitrile and 4-hydroxy-N-
methylquinolin-2-one. In each case, respective spirochromene, 4 b-g, was obtained in decent yield
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Table 1. Screening of catalyst for multicomponent synthesis of 5a.?

o OH N
=
o + + - AN \(LNHZ
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H | 7 N o SOzPh
H

Entry Catalyst (mol %) T(°0 Time (h) Yield (%)
1 Et,NH (30) Rt 24 Trace
2 Et,NH (30) Rt 24 Trace®™®
3 Et,NH (30) 80 12 40
4 K3P0,4(30) 80 12 30
5 K,COs (30) 80 12 30
6 EtsN (30) 80 8 50
7 DABCO (30) 80 8 45
8 DBU (30) 80 8 50
9 DMAP (30) 80 8 50
10 Piperidine (30) 80 3.5 92
" Piperidine (20) 80 4,8 65, 77
12 Piperidine (15) 80 4,8 50, 65
13 Piperidine (10) 80 4,12 40, 55

*Reaction conditions: isatin, phenylsulfonyl acetonitrile and 4-hydroxy-N-methylquinolin-2-one (1 mmol, each), ethanol (4 mL),
catalyst ; b-e: using EtOAc, (CHs),CO, DMF and DMSO as the solvent.

10.43
Figure 2. "H and "3C details of compound 4a.

(Table 2). Product, 4e, wherein 5-methylisatin was used as first component, 'H.NMR spectrum
(Spectrum 13) displayed two singlets at 6 1.76 and 3.41 for aromatic methyl and for N-methyl
group protons, respectively. It also exhibited significantly downfield singlet at 6 10.34 for N-H
proton. ">C-NMR spectrum (Spectrum 14) displayed signals at & 20.6 and 29.5 for methyl group
carbons from indole moiety and N-methyl group form quinolone moiety, respectively. Spiro car-
bon displayed a signal at 49.2 ppm, while carbonyl carbon form indolone ring was observed at
179.7 ppm. HRMS (Spectrum 15) showed a base peak at 500.1274 which also supports the forma-
tion of desired product. Spectral details are shown in Figure 3.

So as to explore the scope of the protocol, phenylsulfonyl acetonitrile in this multicomponent
reaction was replaced with methylsulfonyl acetonitrile. With this variation also, the expected spi-
rochromenes, 5a-f, were obtained acceptable yield (Table 2). Happily enough, the resultant solid
product in each reaction could be isolated by simple dilution of the reaction mixture with water
followed by filtration. Resultant dried solid upon simple washing with chloroform furnished pure
products (4 and 5).
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Table 2. Piperidine catalyzed multicomponent synthesis of spirochromenes, 4 / 5.

Piperidine
EtOH, Reflux

5a; 3/87

5d; 4 /87 5e;3.5/90 5f; 4 /90

*Reaction conditions: lIsatin, phenyl (or alkyl) sulfonyl acetonitrile and 4-hydroxy-N-methyl quinolin-2-one
(1 mmol, each), piperidine (30 mol %), Ethanol (4 mL), reflux.

"H-NMR spectrum of 5a (Spectrum 29) exhibited two sharp singlets at § 2.75 and 3.45 char-
acteristic for the methyl group attached to sulfonyl group and N-methyl group protons, respect-
ively. Another singlet characteristic for N-H proton from isatin was also observed at §10.36 ppm.
These three signals clearly highlight the formation of 5a. In '>C-NMR spectrum (Spectrum 30)
21 signals were observed due to 21 carbon atoms in 5a. In HRMS (Spectrum 31) the observed
mass value of the product, 5a [424.8963 amu] was in perfect agreement with the calculated mass
value of the same [424.4491 amu]. Spectral details are shown in Figure 4.

From mechanistic view point®® we propose that, isatin initially undergoes base catalyzed
Knoevenagel condensation with phenylsulfonyl acetonitrile to yield isatinidinephenylsulfonyl
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2.75

10.36
Figure 4. "H and "3C details of compound 5a.

acetonitrile which on subsequent carba-Michael addition with 4-hydroxy-N-methylquinolin-2-one
followed by Thorpe-Ziegler type cyclization® furnishes the desired spirochromene, 4 (Scheme 2).
It is well known that, the molecules containing pyrano (2,3-c) quinolone and spirochromene
as the structural motifs do possess anti-cancer activity.'>*> Based upon this as well as on the phil-
osophy that hybrid molecules synthesized by covalent fusion of these pharmacophores may have
enhanced anti-cancer activity, we surmised that, synthesized pyrano (3,2-¢) quinolone fused spiro-
chromenes, 4 and 5, will also have pronounced anti-anticancer activity. Thus, all the synthesized
compounds were screened for their anti-cancer activity against three different human cancer cells
viz. MCF-7 (Breast Carcinoma), HEK (Breast Carcinoma) and HeLa (Cervical Carcinoma) using
Doxorubicin as a positive control. ICsq values of all the synthesized compounds were obtained.
However, contrary to our expectations, the compounds were found to have ICs, values greater
than 200 (Pl see SI) indicating non-suitability of these compounds for further screening as anti-
cancer agents. Hence, the work on biological evaluation of these compounds was discontinued.

Conclusion

In conclusion, we have developed an efficient protocol for multicomponent synthesis of novel
pyrano (3,2-¢) quinolone-fused spirochromenes by the reaction between isatins, phenyl (or
methyl) sulfonyl acetonitrile, and 4-hydroxy-N-methylquinolin-2-one using piperidine as the
catalyst. This high yielding protocol is operationally simple and chromatography-free.

Experimental

General

All the chemicals were commercially available and used as received. Melting points were obtained
using a Kumar melting point apparatus and were uncorrected. IR spectra were obtained using a
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Scheme 2. Plausible mechanism for the formation spirooxindoles, 4.

Thermo Scientific Nicolet iS10 FT-IR Spectrometer. 'H NMR (300 MHz) and *C NMR (75 MHz)
spectra were obtained using a Bruker Avance II spectrometer. High resolution mass spectra
(HRMS) were obtained using a Thermo Scientific Q-Exactive, Accela 1250 pump instrument.

Representative procedure for the preparation of spirochromenes 4/5

To a well stirred solution of isatin, phenyl (or methyl) sulfonyl acetonitrile and 4-hydroxy-N-
methylquinolin-2-one (1 mmol, each) in ethanol (4 mL) was added piperidine (30 mol %) and the
reaction mixture was refluxed on water bath. Upon completion of the reaction (TLC) it was
allowed attain room temperature. Cold water (10 mL) was slowly added and magnetic stirring
was continued till amorphous solid separates out. It was filtered, washed with water (4 x 5mL)
and dried. The dried solid was then washed with hexane-chloroform mixture (1:1, v/v, 5 X 5mL)
and dried again. Resultant free-flowing solid was pure and did not require any further
purification.

Spectral data of all the synthesized compounds

All the synthesized spirochromenes in their IR spectra showed prominent peaks in the range
3400-3360 (amino group), 1330-1345 and 1135- 1150cm ' (sulfone group) and their melting
points were above 300°C. All these compounds do not show sharp melting point, they form
black mass in temperature range 310 — 330 °C.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[indoline-3,4 -pyrano[3,2-c]quinoline]-2,5 (6’H)-dione,
4a, off white powder, yield (446 mg, 0.92 mmol) . 'H-NMR (DMSO-d6, 300 MHz): § 3.42 (S, 3H,
N-CH3;), 6.31-6.35 (m, 2H), 6.75 (d, 1H, J=7.5Hz), 6.99 —7.04 (m, 1H, ArH), 7.23 —7.37 (m,
5H), 7.41-7.48 (m, 2H), 7.65 —7.69 (m, 3H, NH, and ArH), 8.15 (d, 1H, J=8.1 Hz, ArH), 10.43
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(S, 1H, NH); >C-NMR (DMSO-d6, 75 MHz): § 29.5, 49.3, 84.3, 108.1, 109.1, 109.2, 112.5, 114.8,
120.9, 122.5, 123.1, 124.3, 126.0, 128.1, 128.6, 132.1, 132.3, 138.9, 144.7, 144.8, 150.7, 157,1,158.0,
179.1 ppm; HRMS (ESI): m/z [M +H] " caled. for C,gH oN305S: 486.1118; found mass: 486.1117.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[5-chloroindoline-3,4' -pyrano|3,2-c]quinoline]-2,5'
(6’H)-dione, 4b, off white powder, yield (468 mg, 0.90 mmol) . "H-NMR (DMSO-d6, 300 MHz):
0 3.41 (s, 3H, N-CH3), 6.13 (s, 1H), 6.73 (d, 1H, J=7.8 Hz), 6.92(s, 1H), 7.26-7.41(m, 7H), 7.65
(br s, 3H, NH, and ArH), 8.11 (d, 1H, ] =6.6 Hz, ArH), 10.49 (s, 1H, NH): "*C-NMR (DMSO-
d6, 75 MHz): 6 29.5, 49.4, 83.7, 108.4, 110.2, 112.5, 114.4, 122.3, 123.3, 124.6, 125.4, 128.1, 128.4,
132.3, 138.9, 141.0, 143.6, 144.7, 151.0, 157.3, 158.7, 179.1 ppm; HRMS (ESI): m/z [M+ H]"
caled. for Cy4H3N3O5CIS: 520.0728; found mass: 520.0729.

2'-Amino-3'-(phenylsulfonyl)-6 -methylspiro[5-bromoindoline-3,4' -pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 4c, pale yellow powder, yield (518 mg, 0.92 mmol) . 'H-NMR (DMSO-d®, 300 MHz):
0 3.42 (s, 3H, N-CHs;), 6.29 (s, 1H), 6.70 (s, 1H), 7.08 (s, 1H), 7.27 — 7.44 (m, 7H), 7.62 —7.71
(m, 3H, NH, and ArH), 8.06 (m, 1H, ArH), 10.54 (s, 1H, NH); ">*C-NMR (DMSO-d°, 75 MHz):
d 29.5, 49.3, 83.7, 108.4, 110.7, 112.5, 113.1, 114.5, 122.3, 23.3, 125.5, 127.3, 128.5, 130.9, 132.3,
132.4, 133.7, 139.0, 144.1, 144.6, 151.0, 157.2, 158.7, 178.9 ppm; HRMS (ESI): m/z M+H]"
caled. for Cy4H305N3BrS: 564.0196; found mass: 564.0223.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[5-nitroindoline-3,4' -pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 4d, pale yellow powder, yield (488 mg, 0.92 mmol) . 'H-NMR (DMSO-d®, 300 MHz):
8 3.40 (s, 3H, N-CHa,), 6.86-6.92 (m, 2H), 7.08-7.13 (m, 2H), 7.21-7.30 (m, 5H), 7.57 — 7.65 (m,
3H, NH, and ArH), 7.86 (dd, 1H, J=2.1Hz, 2.1 Hz), 8.12 (d, 1H, J=7.8 Hz, ArH), 11.01 (s, 1H,
NH); *C-NMR (DMSO-d®, 75MHz): § 29.5, 108.8, 112.5, 114.3, 120.1, 122.5, 123.4, 125.0,
125.5, 128.4, 131.9, 132.4, 139.0, 141.9, 144.9, 151.0, 151.4, 157.6, 158.9 ppm; HRMS (ESI): m/z
[M+4H]" calced. for C,sH;sN,O,S: 531.0968; found: mass 531.0970.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[5-methylindoline-3,4' -pyrano[3,2-c]quinoline]-2,5
(6’H)-dione, 4e, off white powder, yield (450 mg, 0.90 mmol) . "H-NMR (DMSO-d°, 300 MHz): &
1.76 (s, 3H), 3.41 (s, 3H, N-CH,), 6.04 (s, 1H), 6.65 (d, 1H, J=7.5Hz), 6.82 (d, 1H, J = 7.5 Hz),
7.26 (d, 4H, J=6Hz), 7.37 (t, 1H, ]=7.5Hz), 7.49 (d, 2H, J=8 4Hz), 7.66 —7.74 (m, 3H, NH,
and ArH), 8.14 (d, 1H, J=7.8Hz, ArH), 10.34 (s, 1H, NH); ’C-NMR (DMSO-d°, 75 MHz): §
20.6, 29.5, 49.2, 84.2, 108.9, 109.1, 112.5, 114.5, 122.5, 123.2, 125.2, 125.6, 128.3, 128.7, 130.0,
131.2, 131.8, 132.3, 138.8, 142.0, 144.8, 150.8, 157.1, 188.8, 179.7 ppm; HRMS (ESI): m/z
[M+H]" caled. for C,;H,;N305S: 500.1275; found mass: 500.1274.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[5-fluoroindoline-3,4'-pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 4f, pale gray powder, yield (448 mg, 0.89 mmol) . "H-NMR (DMSO-d®, 300 MHz): &
3.42 (s, 3H, N-CH3), 6.01 (s, 1H), 6.70-6.75 (m, 2H), 7.23-7.33 (m, 5H), 7.41 (d, 2H, J=6.3 Hz),
7.61-7.71 (m, 3H, NH, and ArH), 8.14 (d, 1H, J=8.1Hz, ArH), 1041 (s, 1H, NH). *C-NMR
(DMSO-d° 75MHz): § 29.5, 83.7, 108.5, 109.4, 1125, 114.2, 114.5, 114.6, 122.4, 123.3, 125.6,
128.5, 132.2, 132.3, 139.0, 144.9, 150.9, 157.2, 158.7, 179.2 ppm; HRMS (ESI): m/z [M+H]"
caled. for Cy6H305N5FS: 504.1024; found mass: 504.1022.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[7-chlorolindoline-3,4' -pyrano[3,2-c]quinoline]-2,5
(6’H)-dione, 4 g, off white powder, yield (462 mg, 0.89 mmol) . 'H-NMR (DMSO-d®, 300 MHz): §
2.32 (s, 3H, ArCHs), 3.42 (s, 3H, N-CH,), 7.04 (d, 1H, ] = 6.6 Hz), 7.30 - 7.49 (m, 7H), 7.69 -
7.72 (m, 3H, NH, and ArH), 8.15 (d, 1H, J=7.8Hz, ArH), 10.80 (s, 1H, NH); *C-NMR
(DMSO-d®% 75MHz): & 29.6, 50.1, 83.9, 108.7, 112.4, 113.5, 114.9, 122.0, 122.6, 122.7, 123.3,
125.9, 128.2, 128.7, 132.3, 132.5, 133.8, 139.0, 142.5, 144.6, 150.8, 157.2, 158.7, 179.0 ppm; HRMS
(ESI): m/z [M +H] " calcd. for CysH;sN305Cl1S:520.0728; found mass: 520.0723.

2'-Amino-3'-(phenylsulfonyl)-6' -methylspiro[1-methylindoline-3,4' -pyrano[3,2-c]quinoline]-2,5
(6’H)-dione, 4h, pale gray powder, yield (435mg, 0.87 mmol) . '"H-NMR (DMSO-d®, 300 MHz):
d0 3.20 (s, 3H, N-CH3), 340 (s, 3H, N-CH3), 6.42 (d, 2H, J=69Hz, ArH), 691 (d, 1H,
J=7.5Hz, ArH), 7.13 (t, 1H, J=7.2Hz, ArH), 7.27 (br s, 4H, ArH), 7.36 (t, 1H, J=7.2Hz,



POLYCYCLIC AROMATIC COMPOUNDS @ 9

ArH), 7.46 (m, 2H, ArH), 7.68 (br s, 3H, NH, and ArH), 8.16 (d, 1H, J=8.1Hz, ArH), *C-
NMR (DMSO-dé, 75MHz): 6 27.1, 29.6, 48.7, 84.2, 107.8, 108.9, 112.4, 115.0, 121.7, 122.6, 123.2,
124.0, 126.0, 128.4, 128.7, 131.4, 132.2, 132.5, 138.9, 144.5, 146.1, 150.8, 157.1, 158.6, 177.5;
HRMS (ESI): m/z [M 4+ H]" calcd. For Cy,H,;N;05S: 500.1275; found mass: 500.1270.
2'-Amino-3'-(methylsulfonyl)-6' -methylspiro[5-chloro1-(prop-2-yn-1-yl)indoline-3,4' -pyrano  [3,2-
c] quinoline]-2,5'(6’H)-dione; 41, off white powder, yield (51 mg, 0.92 mmol) . 'H-NMR (DMSO-
d®, 300 MHz): ¢ 3.13 (s, 3H, SO,CH3), 3.41 (s, 3H, N-CH3), 4.45 (q, 2H, J=7.5, CH,), 6.39 (s,
1H, ArH), 7.04 (d, 2H, J=6.6 Hz, ArH), 7.30-7.36 (m, 5H), 7.47 (s, 2H, NH,), 7.68 (s, 1H, ArH),
7.83 (s, 2H, ArH), 8.17 (d, 1H, J=7.5Hz, ArH); ?’C-NMR (DMSO-d°, 75 MHz): § 29.7, 30.3,
48.7, 74.7, 77.7, 83.0, 107.8, 109.8, 112.4, 114.9, 122.6, 123.4, 124.6, 125.6, 126.7, 128.3, 128.6,
132.5, 132.6, 139.0, 141.0, 143.3, 144.5, 151.1, 157.2, 158.7, 176.4ppm; HRMS (ESI): m/z
[M+H]" calcd. for CyoH,;05N5CIS: 558.0867; found mass: 558.0876.
2'-Amino-3'-(methylsulfonyl)-6'-methylspiro[indoline-3,4' -pyrano[3,2-c]quinoline]-2,5' (6’H)-dione,
5a, off white powder, yield (368 mg, 0.87 mmol) . 'H-NMR (DMSO-d®, 300 MHz): § 2.75 (s, 3H,
SO,CHs;), 3.45 (s, 3H, N-CHs), 6.73 (d, 1H, J=8.4Hz, ArH), 6.86 (d, 1H, J=1.8 Hz, ArH), 7.04
(dd, 1H, J=2.1Hz, 1.8Hz, ArH), 7.13 (s, 2H, ArH), 7.23-7.32 (m, 2H, NH,), 7.59 (s, 1H, ArH),
7.68 (s, 1H, ArH), 8.06 (d, 1H, J=8.1Hz, ArH), 10.36 (s,lH, NH); ">*C-NMR (DMSO-d°,
75MHz): 6 34.3, 48.7, 54.3, 88.7, 113.6, 1154, 117.5, 118.9, 127.1, 128.0, 128.5, 130.9, 133.1,
136.9, 140.6, 143.6, 1473, 156.1, 161.8, 163.8; HRMS (ESI): m/z [M+H]" caled. for
C,1H7N505S: 424.0905 ppm; found mass: 424.8963.
2'-Amino-3'-(methylsulfonyl)-6' -methylspiro[5-chloroindoline-3,4'-pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 5b, off white powder, yield (402 mg, 0.88 mmol) . "H-NMR (DMSO-d°, 300 MHz): &
2.65 (s, 3H, SO,CHs), 3.46 (s, 3H, N-CH,), 6.73-6.82 (m, 2H, ArH), 7.34 - 7.50 (m, 4H, ArH),
7.67 (d, 1H, J=6.6Hz, ArH), 8.16 (d, 1H, J=7.5Hz, ArH), 10.41 (s, 1H, NH); *C-NMR
(DMSO-d6, 75 MHz): 6 29.6, 44.1, 49.3, 84.1, 109.5, 112.6, 114.8, 121.1, 122.5, 123.2, 123.9, 128.5,
132.4, 134.0, 183.9, 144.5, 150.9, 156.9, 158.8, 178.8 ppm; HRMS (ESI): m/z [M + H]" calcd. for
C,1H 6N305ClIS:458.8942; found mass: 458.1582.
2'-Amino-3'-(methylsulfonyl)-6'-methylspiro[5-bromoindoline-3,4' -pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 5c, off white powder, yield (452 mg, 0.90 mmol) . "H-NMR (DMSO-d°, 300 MHz): &
2.76 (s, 3H, SO,CHs), 3.48 (s, 3H, N-CH,), 6.68 (s, 1H, ArH), 7.16 (s, 1H, ArH), 7.24 (s, 1H,
ArH), 7.39 (s, 3H, NH, and ArH), 7.49 (s, 1H, ArH), 7.69 (s, 1H, ArH), 8.16 (s, 1H, ArH), 10.59
(s, 1H, NH); *C-NMR (DMSO-d®, 75 MHz): § 29.6, 43.9, 49.6, 83.5, 108.8, 111.1, 112.6, 112.7,
114.9, 122.9, 123.4, 126.6, 131.1, 132.5, 136.9, 139.0, 141.0, 144.0, 151.2, 157.0, 158.8, 178.2 ppm;
HRMS (ESI): m/z [M +H]" caled. for C,;H;¢N305BrS: 502.0067; found mass: 502.0063.
2'-Amino-3'-(methylsulfonyl)-6' -methylspiro[5-methylindoline-3,4' -pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 5d, pale gray powder, yield (380 mg, 0.87 mmol) . "H-NMR (DMSO-d°, 300 MHz): &
2.14 (s, 3H, ArCHs), 2.68 (s, 3H, SO,CH,), 3.67 (s, 3H, N-CH,), 6.62 (d, 1H, J=9Hz, ArH),
6.81 (s, 1H, ArH), 6.92 (d, 1H, J=7.5Hz, ArHs), 7.36 - 7.44 (m, 3H, NO, and ArH), 7.54 (d,
1H, J=8.4Hz, ArH), 7.73 (t, 1H, J=6Hz, ArH), 8.16 (d, 1H, J=7.8 Hz, ArH), 10.31 (s, 1H,
NH); >*C-NMR (DMSO-d®, 75 MHz): § 20.6, 29.5, 49.2, 84.3, 99.9, 108.9, 109.1, 112.5, 114.5,
122.5, 123.2, 125.2, 125.6, 128.3, 128.7, 129.9, 131.3, 132.3, 138.8, 142.0, 144.8, 150.7, 157.1, 158.8,
179.6ppm; HRMS (ESI): m/z [M+H]" caled. For C,HoN3OsS: 438.1118; found
mass: 438.1112.
2'-Amino-3'-(methylsulfonyl)-6'-methylspiro[5-nitroindoline-3,4'-pyrano[3,2-c]quinoline]-2,5'
(6’H)-dione, 5e, pale yellow powder, yield (422 mg, 0.90 mmol) . "H-NMR (DMSO-d®, 300 MHz):
d 2.38 (s, 3H, SO,CH3), 2.92 (s, 3H, N-CH3), 6.86 (d, 1H, J=7.5Hz), 7.05 (s, 1H, ArH), 7.16 (d,
1H, J=7.5Hz, ArH), 7.60 — 7.68 (m, 3H, NO, and ArH), 7.79 (d, 1H, J=8.4Hz, ArH), 7.95 (t,
1H, J=7.8Hz, ArH), 8.41 (d, 1H, J=7.8Hz, ArH), 10.56 (s, 1H, NH); *C-NMR (DMSO-d°,
75MHz): 6 29.7, 43.8, 49.4, 82.9, 108.2, 109.1, 112.6, 114.9, 119.4, 122.6, 123.4, 125.9, 132.5,
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135.6, 139.0, 142.1, 151.3, 151.5, 157.3, 158.9, 179.2 ppm; HRMS (ESI): m/z [M+H]" caled. For
C,,H,5N30,S: 469.0878; found mass: 469.0812
2'-Amino-3'-(methylsulfonyl)-6'-methylspiro[7-chlorolindoline-3,4' -pyrano[3,2-c]quinoline]-2,5'

(6’H)-dione, 5f, off white powder, yield (412 mg, 0.90 mmol) . "H-NMR (DMSO-d°, 300 MHz): §
2.70 (s, 3H, SO,CH3;), 3.46 (s, 3H, N-CH3), 6.83 (t, 1H, J=7.8 Hz, ArH), 7.01 (d, 1H, J=7.2Hz,
ArH), 7.18 (d,1H, J=7.8 Hz, ArH), 7.43 (m, 3H,NO, and ArH), 7.54 — 7.61(m, 1H, ArH), 7.75 (t,
1H, J=7.5Hz, ArH), 8.17 (d, 1H, J=7.8Hz, ArH), 10.83 (s, 1H, NH): *C-NMR (DMSO-d®,
75MHz): 6 29.7, 44.0, 50.2, 83.6, 108.8, 112.4, 113.6, 115.3, 115.5, 122.4, 122.7, 122.9, 123.2,
128.7, 132.9, 135.9, 138.9, 142.5, 150.9, 156.8, 158.8, 178.8 ppm; HRMS (ESI): m/z [M+ H]+
caled. for C,;H 4N3O5CIS: 458.0547; found mass: 458.0571.
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