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Abstract

New 3-(2-aryl-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-diones were synthe-
sized, and good-to-excellent yields were achieved through one-pot, three-compo-
nent condensation of aryl glyoxal monohydrates, 4-hydroxyquinolin-2(1H)-one and
3-nitroaniline using sodium alginate and water/ethanol (1:1) as a green solvent at
mild reaction conditions. The noticeable features of the present procedure are mild
reaction conditions, economic procedure, availability of starting materials, very sim-
ple operation, easy isolation, no need for column chromatography separation and
using sodium alginate as a natural polysaccharide that is a transition-metal-free, bio-
degradable, reusable and commercially affordable catalyst. In addition, sodium algi-
nate was recycled up to five times with no remarkable loss of its catalytic properties.
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Introduction

Designing an efficient procedure for the synthesis of complex organic molecules
with biological properties using available materials is an important region of
research and development in pharmacological industries. One of the most favorable
methods for synthesis of these compounds relies on the use of one-pot, multicompo-
nent reactions. In this respect, a multicomponent reaction aims to reach the desired
product through a single operation using three or more initiating compounds. This
highly efficient approach has become very popular for synthesis of various materials
such as heterocyclic and biological compounds used in different fields [1-4].

During recent years, some hazardous solvents have been replaced by water,
known as a green solvent. Nontoxicity, nonflammability and economic issues are
some of the reasons for using water as an alternative solvent in synthesis of hetero-
cyclic compounds [5-7].

According to several reports [8—11], indole core unit is the abundant heterocy-
clic unit present in many natural products with varied medicinal and pharmaceutical
properties [12—14]. Some drugs containing indole moieties such as serotonin, indo-
methacin, tryptophan, oxypertine, roxindole and arbidole [15] are shown in Fig. 1.
Indole derivatives exhibit the broad range of biological properties such as antioxi-
dant [16, 17], antimicrobial [18], antifungal [19], anticancer [20], antidiabetic [21],
antiparkinsonian [22], anti-inflammatory [23], antiviral [24], COX-2 inhibitors [25]
and cytotoxic agent [26].

There are several methods reported for the synthesis of indole derivatives in the
literature, and the majority of these methods are based on condensation and cycli-
zation technique by using diverse starting materials [27-32]. Many of the reported
methods are restricted due to using costly reagents, multistep procedures, harmful
solvents or catalysts and being time-consuming.

Alginates, as natural polysaccharides, are widely distributed in the wall of the
cell or matrix of some types of algae such as brown algae. The alginate presented in
these cells is in the form of sodium alginic acid salt, which is known as a valuable
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Fig. 1 Some indole derivatives with pharmaceutical activities
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and safe component with great applications in the food industry as an emulsifier,
thickener and gel-forming agent [33—35]. Synthesis of pyrano[3,2-c]chromenes has
been reported recently using sodium alginate as catalyst [36]. Polymeric structure of
sodium alginate catalyst is shown in Fig. 2.

Aryl glyoxal monohydrates are important precursors in synthesis of heterocyclic
compound with biological and pharmaceutical activities [37].

In continuation of our previous studies on synthesis of novel heterocyclic com-
pounds [38-46], herein, we report the reaction of aryl glyoxal monohydrates,
4-hydroxyquinolin-2(1H)-one and 3-nitroaniline to form a new series of 3-(2-aryl-
6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-diones by one-pot, three-component
reactions using sodium alginate as biopolymeric catalysts in H,O/EtOH (1:1) at
room temperature. The structure of synthesized compounds was characterized by
their spectral data, microanalysis and HRMS. These compounds may have potential
biological and pharmacological properties.

Results and discussion

A new series of 3-(2-aryl-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-diones Sa—i
was synthesized by a one-pot, three-component reaction of aryl glyoxal monohy-
drates 1a—i, 4-hydroxyquinolin-2(1H)-one, (2) and 3-nitroaniline (3) in the presence
of sodium alginate (4) as a catalyst in H,O/EtOH (1:1) at room temperature.

Initially, a reaction of phenyl glyoxal monohydrate (1a), 4-hydroxyquinolin-
2(1H)-one (2) and 3-nitroaniline (3) was chosen as a trial reaction (Table 1). The
model reaction was carried out in the absence of any catalysts using different sol-
vents, and no product was achieved after 24 h under reflux conditions (Table 1,
entries 1-7). By using K,CO;, NaOH, KOH as basic catalysts, no product was
formed (Table 1, entries 8-10). The product was obtained (23-38% yield) using
H,O or EtOH in the presence of DABCO or Et;N as organocatalysts under reflux
condition (Table 1, entries 11-14). In addition, using DBU, p-TSA, r-proline
and sulfamic acid as catalysts in H,O, EtOH, and MeOH under reflux conditions
afforded the desired product in 28-59% yield, respectively (Table 1, entries 15-22).
The favorable result (81% yield) was attained using sodium alginate in H,O/EtOH
(1:1) at room temperature after 2 h reaction time (Table 1, entry 24).
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Fig.2 Chemical structure of sodium alginate
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Table 1 Model reaction optimization indole derivatives synthesis

o Os_N 2
on | N Catalyst
1a 2 3

Entry Solvent (v/v) Catalyst Temperature (°C) Time (h) Yield® (%)
1 H,0 - RT® 48 -
2 H,0 - 100 48 -
3 EtOH - Reflux 48 -
4 H,O/EtOH (1:1) - Reflux 48 -
5 Ph-CH;, - Reflux 20 -
6 CH,;CN - Reflux 20 -
7 CHCl,4 - Reflux 20 -
8 H,0 K,CO; 50 24 -
9 H,0 NaOH 50 24 -
10 EtOH KOH 50 24 -
11 H,O Et;N Reflux 16 40
12 H,0 DABCO Reflux 18 35
13 EtOH DABCO Reflux 18 30
14 H,O/EtOH (1:1) DABCO Reflux 18 38
15 H,O0 DBU Reflux 18 28
16 EtOH DBU Reflux 18 25
17 EtOH p-TSA Reflux 24 56
18 MeOH p-TSA Reflux 24 61
19 H,0 p-TSA Reflux 24 58
20 H,0 L-proline Reflux 24 47
21 H,0/EtOH (1:1) L-proline Reflux 14 64
22 H,0O Sulfamic acid Reflux 24 52
23 H,O/EtOH (1:1) Sulfamic acid Reflux 24 59
24 H,0 Sodium alginate RT 2 67
25 H,O/EtOH (1:1) Sodium alginate RT 81
26 H,0/EtOH (1:1) Sodium acetate RT 54

Reaction conditions: phenyl glyoxal monohydrate (la, 1 mmol), 4-hydroxyquinolin-2(1H)-one (2,
1 mmol) and 3-nitroaniline (3, 1 mmol) and catalysts (30 mol%)

“Isolated yield

"Room Temperature

“No reaction

Furthermore, using different molar ratios of catalyst and room temperature to
50 °C within 1-8 h reaction times afforded product in 63-82% yield (Table 2,
entries 1-8). The optimum result (82% yields and 1 h reaction time) was observed
using sodium alginate (20 mol%) in H,O/EtOH (1:1) at room temperature
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Table 2 Investigation into the effect of solvents, amount of the catalyst and temperatures for the synthesis
of compound 5a

Entry Solvent (v/v) Sodium alginate Temperature Time (h) Yield (%)
(mol %) °0)
1 EtOH 30 RT 6 69
2 H,0 25 RT 6 65
3 H,0 25 50 8 63
4 H,O/EtOH (1:1) 10 RT 8 64
5 H,O/EtOH (1:1) 15 50 4 78
6 H,O0/EtOH (1:1) 20 RT 1 82
7 H,O/EtOH (1:1) 25 RT 6 77
8 H,O/EtOH (1:1) 25 50 6 72

The optimized conditions are shown in bold text

(Table 2, entry 6). Decreasing the molar ratio of catalysts to 15 mol% and stirring
at 50 °C for 4 h reduce the yield of product to 78% yield (Table 2, entry 5).

After optimization of reaction conditions, the generality and the scope of this
reaction were examined to a range of substituted aryl glyoxal monohydrates 1a—i
to produce 1H-indole quinolinediones 5a—i in 78-84% yields. The reaction times,

yields and melting points of all final products S5a-i are listed in Table 3.

Table 3 Reaction times, yields and melting points of products Sa—i

ZT

la-i

Sodium alginate (4, 20 mol%)

H,O/EtOH

Sa-i

Ar = Ph, 4-BrCgHy, 4-CICgH,, 4-FCgH,, 4-MeCyH,, 3-MeOCH,, 4-MeOCH,, 3,4-(Me0),CgHs, 4-0,NCH,

Entry Ar Product Time (min) M.p. (°C) Yield (%)
1 Ph 5a 60 194-195 82
2 4-BrC¢H, 5b 31 202-203 78
3 4-CIC{H, 5c¢ 30 249-250 79
4 4-FC¢H, 5d 30 193-194 79
5 4-Tol Se 26 197-198 84
6 3-MeOC¢H, 5f 30 208-209 81
7 4-MeOC¢H, 5g 23 198-199 82
8 3,4-(Me0),C¢H; 5h 25 192-193 80
9 4-O,NC¢H, 5i 62 165-166 78
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Furthermore, the reusability as one of the most important factors of a catalyst was
examined in the synthesis of 5a. For this purpose, the recovered catalyst was used
at least up to five times and the catalytic performance was measured (Fig. 3). The
results show that the sodium alginate (4) can be used several times with no remark-
able loss of its activity.

A proposed mechanism for the synthesis of 1H-indole quinolinediones Sa—i is
shown in Scheme 1. The reaction involved the Knoevenagel condensation of aryl
glyoxals 1a—i with 4-hydroxyquinolin-2(1H)-one (2) using sodium alginate (4) to
form the corresponding intermediate A. The Michael addition of 3-nitroaniline
to aforementioned intermediate A afforded the intermediate B, which formed the
desired product 5a—i by intramolecular condensation followed by dehydration and
aromatization in the presence of sodium alginate catalyst.

The structure of 3-(2-aryl-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-diones
Sa—i was confirmed by their FTIR, 'H-NMR, 3C-NMR spectral data, microanalysis
and HRMS. The FTIR spectra showed the absorptions at 9= 1600-1697 cm™! due
to carbonyl groups and absorptions at v = 1341-1550 cm™" attributed to nitro group.
The 'H-NMR spectra showed singlets at §=6.35-6.91 ppm due to CH and broad
singlets at §=10.88—11.66 ppm as NH peaks. The '>C-NMR spectra showed the
carbonyl peaks at 6 =162.8-201.0 ppm.

Conclusions

In this article, a new and highly effective procedure was reported for the synthesis of
a new series of 3-(2-aryl-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-diones in the
presence of sodium alginate using H,O/EtOH (1:1) as solvent at room temperature
by one-pot, three-component reaction. The simple workup, green solvent, simple
operational conditions and high output are some advantages of the reported proce-
dure. The obtained compounds may have pharmaceutical and biological activities.

Reusability of catalyst

82 80 80 79 78
100%
80%
60%
40%
20%
1 2 3 4 5 Run

Yield (%)

0%
Fig. 3 Recyclability of sodium alginate catalyst for the synthesis of product 5a
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Scheme 1 Proposed mechanism for the synthesis of 1H-indole quinolinediones 5a—i
Experimental: materials and methods

A Philip Harris C4954718 apparatus was used to measure the melting points, and no
correction was imposed. Thermo-Nicolet Nexus 670 instrument was used to obtain
FTIR spectra using KBr disks. Both 'H-NMR at 300 MHz and '>C-NMR at 75.5 MHz
spectra were attained through NMR spectrometer (Bruker Avance AQS 300 MHz).
Chemical shifts were detected in DMSO-dj using Si(CHj), as the standard. The reac-
tion progress was investigated and tracked by TLC on silica gel plates (Polygram SILG/
UV254). Elemental analyses were performed using a Leco Analyzer 932. High-resolu-
tion mass was recorded on a Kratos MS 25RF spectrometer.

General synthesis procedure of the new series of 3-(2-aryl-6-nitro-1H-indol-3-yl)
quinoline-2,4(1H,3H)-dione derivatives 5a-i

Suspensions of aryl glyoxal monohydrates 1a—i (1 mmol), 4-hydroxyquinolin-
2(1H)-one (2, 1 mmol) and 3-nitroaniline (3, 1 mmol) in water/ethanol (1:1,
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10 mL) and sodium alginate (4, 20 mol%) all were kept under stirring at room
temperature for 23—-62 min. Finally, the completed reactions were affirmed by
TLC using CHCI;:MeOH (10:1) as eluent and the obtained precipitate was sepa-
rated using filtration following with rinsing using H,O and cold EtOH to obtain
the final product in 78-84% yields.

Separation of catalyst The solvent of filtrate was evaporated, and the residue
was washed with cold ethanol (22 mL) and dried to give the catalyst as white
solid, which was used for checking its reusability (Fig. 3).

Spectral data of compounds 5a-i
3-(6-Nitro-2-phenyl-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5a)

Yellow powder; yield 82% (326 mg); m.p. 194-195 °C; FTIR (KBr) v (cm™Y):
3418, 3369, 3067, 2968, 2856, 1697, 1643, 1612, 1526, 1404, 1343, 1218, 871,
737; 'TH-NMR (300 MHz, DMSO-dg) 6 (ppm): 11.57 (s, 2H, exchanged by D,0,
2xNH), 8.01-7.85 (m, 2H, ArH), 7.74 (s, 1H, Ar), 7.60-6.93 (m, 9H, ArH), 6.42
(s, 1H, CH); '3C-NMR (75.5 MHz, DMSO-dg) & (ppm): 196.5 (C=0), 162.9
(C=0), 160.3 (C, Ar), 149.0 (C, Ar), 138.6 (C, Ar), 136.1 (C, Ar), 134.2 (C, Ar),
132.3 (C, Ar), 131.2 (C, Ar), 129.2 (C, Ar), 127.8 (C, Ar), 126.9 (C, Ar), 122.7
(C, Ar), 121.0 (C, Ar), 116.9 (C, Ar), 115.0 (C, Ar), 111.9 (C, Ar), 110.0 (C, Ar),
108.0 (N-C=C), 105.8 (C=C), 54.1 (CH). Anal. calcd for C,;H,sN;0,: C, 69.52;
H, 3.80; N, 10.57; found: C, 69.41; H, 3.89; N, 10.45%. HRMS (ESI): m/z (M)*
caled. for Cp3H, sN;0,7: 397.1063; found: 397.1055.

3-(2-(4-Bromophenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5b)

Yellow powder; yield 78% (371 mg); m.p. 202-203 °C; FTIR (KBr) v (cm™Y):
3424, 3107, 2969, 2854, 1693, 1648, 1615, 1582, 1524, 1402, 1341, 1261, 1181,
998, 748; 'H-NMR (300 MHz, DMSO-dg) & (ppm): 11.58 (s, 2H, exchanged by
D,0, 2xNH), 7.95 (d, J=7.8 Hz, 1H, ArH), 7.86 (d, /=7.5 Hz, 2H, ArH), 7.74
(s, 1H, ArH), 7.61 (d, J=7.8 Hz, 2H, ArH), 7.39-7.08 (m, 5H, ArH), 6.40 (s,
1H, CH); *C-NMR (75.5 MHz, DMSO-d,) & (ppm): 195.8 (C=0), 172.5 (C=0),
162.8 (C, Ar), 160.4 (C, Ar), 149.1 (C, Ar), 149.0 (C, Ar), 138.6 (C, Ar), 135.3
(C, Ar), 131.1 (C, Ar), 130.7 (C, Ar), 128.8 (C, Ar), 127.2 (C, Ar), 124.5 (C, Ar),
120.9 (C, Ar), 118.9 (C, Ar), 117.0 (C, Ar), 115.0 (C, Ar), 111.8 (C, Ar), 109.8
(N-C=C), 105.8 (C=C), 54.1 (CH). Anal. calcd for C,;H,,BrN;0,: C, 58.00; H,
2.96; N, 8.82; found: C, 58.19; H, 2.88; N, 8.71%. HRMS (ESI): m/z (M)* calcd.
for Cp3H,,BrN;0,*: 475.0168; found: 475.0140.
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3-(2-(4-Chlorophenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5¢)

Yellow powder; yield 79% (341 mg); m.p. 249-250 °C; FTIR (KBr) v (cm_l): 3396,
3097, 2962, 2869, 1653, 1604, 1550, 1535, 1496, 1350, 1318, 1233, 1089, 801, 766;
'TH-NMR (300 MHz, DMSO-dy) & (ppm): 10.88 (s, 2H, exchanged by D,0, 2 X NH),
8.15-7.80 (m, 6H, ArH), 7.70-7.10 (m, 5H, ArH), 6.91 (s, 1H, CH); 3C-NMR
(75.5 MHz, DMSO-d;) § (ppm): 201.0 (C=0), 178.9 (C=0), 177.8 (C, Ar), 167.1
(C, Ar), 148.1 (C, Ar), 141.4 (C, Ar), 141.0 (C, Ar), 139.2 (C, Ar), 137.4 (C, Ar),
134.4 (C, Ar), 134.0 (C, Ar), 133.4 (C, Ar), 132.2 (C, Ar), 131.3 (C, Ar), 130.0 (C,
Ar), 128.8 (C, Ar), 125.1 (C, Ar), 121.6 (C, Ar), 119.7 (N-C=C), 114.6 (C=C), 67.8
(CH). Anal. calcd for C,3H,,CIN;O,: C, 63.97; H, 3.27; N, 9.73; found: C, 64.07;
H, 3.11; N, 9.80%. HRMS (ESI): m/z (M)* calcd. for C,;H,,CIN;0,*: 431.0673;
found: 431.0668.

3-(2-(4-Fluorophenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5d)

Yellow powder; yield 79% (328 mg); m.p. 193-194 °C; FTIR (KBr) v (cm™):
3396, 3334, 3109, 2873, 1672, 1600, 1530, 1343, 1233, 1161, 1104, 996, 760; 'H-
NMR (300 MHz, DMSO-d;) & (ppm): 11.56 (s, 2H, exchanged by D,0, 2xXNH),
8.11-7.90 (m, 2H, ArH), 7.85-7.64 (m, 2H, ArH), 7.50-6.86 (m, 7H, ArH), 6.39 (s,
1H, CH); '3C-NMR (75.5 MHz, DMSO-dg) & (ppm): 195.0 (C=0), 162.8 (C=0),
160.5 (C, Ar), 149.0 (C, Ar), 142.9 (C, Ar), 138.7 (C, Ar), 132.7 (C, Ar), 132.0
(C, Ar), 131.1 (C, Ar), 130.6 (C, Ar), 129.7 (C, Ar), 124.4 (C, Ar), 122.7 (C, Ar),
120.9 (C, Ar), 119.1 (C, Ar), 116.8 (C, Ar), 115.0 (C, Ar), 111.8 (C, Ar), 109.8
(N-C=C), 105.7 (C=C), 54.1 (CH). Anal. calcd for C,;H,,FN;O,: C, 66.51; H,
3.40; N, 10.12; found: C, 66.42; H, 3.49; N, 10.02%. HRMS (ESI): m/z (M)* calcd.
for Cp;H,,FN;0,™: 415.0968; found: 415.0981.

3-(6-Nitro-2-(p-tolyl)-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5e)

Yellow powder; yield 84% (345 mg); m.p. 197-198 °C; FTIR (KBr) v (cm_l): 3328,
3154, 3064, 2972, 2871, 1643, 1606, 1531, 1490, 1407, 1342, 1265, 1183, 1001,
871, 827, 759; 'H- NMR (300 MHz, DMSO-d;) & (ppm): 11.55 (s, 2H, exchanged
by D,0, 2xNH), 7.94-7.53 (m, 4H, ArH), 7.50-6.87 (m, 7H, ArH), 6.36 (s, 1H,
CH), 2.49 (s, 3H, Me); 3*C-NMR (75.5 MHz, DMSO-d;) & (ppm): 195.9 (C=0),
174.2 (C=0), 162.9 (C, Ar), 160.4 (C, Ar), 151.7 (C, Ar), 149.4 (C, Ar), 149.0 (C,
Ar), 143.8 (C, Ar), 138.6 (C, Ar), 133.4 (C, Ar), 130.4 (C, Ar), 129.3 (C, Ar), 128.4
(C, Ar), 127.1 (C, Ar), 124.4 (C, Ar), 122.7 (C, Ar), 121.0 (C, Ar), 116.9 (C, Ar),
115.0 (N-C=C), 110.0 (C=C), 55.4 (CH), 33.3 (Me). Anal. calcd for C,,H;;N;0,:
C,70.07; H, 4.17; N, 10.21; found: C, 70.25; H, 4.03; N, 10.16%. HRMS (ESI): m/z
(M)* caled. for C,,H;,N;0,™: 411.1219; found: 411.1200.

3-(2-(3-Methoxyphenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5f)

Yellow powder; yield 82% (350 mg); m.p. 208-209 °C; FTIR (KBr) © (cm™):
3379, 3143, 3070, 2931, 2853, 1692, 1646, 1612, 1526, 1404, 1344, 1266, 1230,
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1177, 873, 792, 741, 673; 'H-NMR (300 MHz, DMSO-d,) & (ppm): 11.60 (s,
2H, exchanged by D,0, 2xNH), 8.05-7.90 (m, 1H, ArH), 7.74 (s, 1H, ArH),
7.54-6.88 (m, 9H, ArH), 6.39 (s, 1H, CH), 3.74 (s, 3H, OMe); '*C-NMR
(75.5 MHz, DMSO-dy) & (ppm): 196.0 (C=0), 163.0 (C=0), 160.5 (C, Ar),
159.4 (C, Ar), 149.3 (C, Ar), 149.0 (C, Ar), 138.7 (C, Ar), 137.3 (C, Ar), 132.6
(C, Ar), 131.2 (C, Ar), 129.2 (C, Ar), 124.4 (C, Ar), 121.0 (C, Ar), 120.3 (C, Ar),
119.0 (C, Ar), 116.9 (C, Ar), 115.0 (C, Ar), 111.9 (C, Ar), 109.9 (C, Ar), 108.0
(N-C=C), 105.7 (C=C), 56.6 (CH), 54.3 (OMe). Anal. calcd for C,,H,,N;Os: C,
67.44; H, 4.01; N, 9.83; found: C, 67.31; H, 4.12; 9.78%. HRMS (ESI): m/z (M)*
caled. for Co,H,N;05%: 427.1168; found: 427.1186.

3-(2-(4-Methoxyphenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5g)

Yellow powder; yield 81% (346 mg); m.p. 198-199 °C; FTIR (KBr) © (cm™):
3348, 3153, 3067, 2937, 2842, 1645, 1600, 1529, 1490, 1410, 1339, 1261, 1172,
1125, 1030, 995, 875, 841, 761; 'H NMR (300 MHz, DMSO-dg) 8 (ppm): 11.59
(s, 2H, exchanged by D,0, 2xNH), 7.98 (d, J=7.2 Hz, 2H, Ar), 7.18 (s, 1H,
ArH), 7.46-7.11 (m, 5H, ArH), 6.94 (d, /J=6.9 Hz, 2H, ArH), 6.72-6.58 (m, 1H,
ArH), 6.35 (s, 1H, CH), 3.75 (s, 3H, OMe); '3C NMR (75.5 MHz, DMSO-d;) &
(ppm): 194.6 (C=0), 163.5 (C=0), 162.9 (C, Ar), 160.4 (C, Ar), 149.4 (C, Ar),
148.9 (C, Ar), 138.6 (C, Ar), 132.6 (C, Ar), 131.6 (C, Ar), 130.5 (C, Ar), 129.3
(C, Ar), 129.2 (C, Ar), 128.4 (C, Ar), 124.4 (C, Ar), 122.1 (C, Ar), 121.0 (C,
Ar), 119.0 (C, Ar), 116.9 (C, Ar), 115.1 (N—C=C), 110.0 (C=C), 56.5 (CH), 55.2
(OMe). Anal. caled for C,,H;N;05: C, 67.44; H, 4.01; N, 9.83; found: C, 67.29;
H, 3.93; N, 10.19%. HRMS (ESI): m/z (M)* calcd. for C,,H,N;0*: 427.1168;
found: 427.1189.

3-(2-(3,4-Dimethoxyphenyl)-6-nitro-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5h)

Yellow powder; yield 80% (366 mg); m.p. 192-193 °C; FTIR (KBr) v (cm™):
3359, 2972, 2942, 2866, 1641, 1605, 1527, 1460, 1347, 1272, 1213, 1173, 1132,
1018, 887, 765, 668; 'H- NMR (300 MHz, DMSO-d;) & (ppm): 11.66 (s, 2H,
exchanged by D,0, 2xNH), 7.95-7.55 (m, 4H, ArH), 7.52-6.91 (m, 6H, ArH),
6.38 (s, 1H, CH), 3.76 (s, 3H, OMe), 3.74 (s, 3H, OMe); '*C-NMR (75.5 MHz,
DMSO-dg) & (ppm): 194.5 (C=0), 163.0 (C=0), 160.4 (C, Ar), 153.4 (C, Ar),
149.3 (C, Ar), 148.5 (C, Ar), 138.6 (C, Ar), 131.2 (C, Ar), 130.5 (C, Ar), 129.2
(C, Ar), 128.1 (C, Ar), 127.8 (C, Ar), 124.2 (C, Ar), 122.1 (C, Ar), 120.9 (C,
Ar), 119.0 (C, Ar), 116.9 (C, Ar), 115.0 (C, Ar), 111.9 (C, Ar), 110.1 (C, Ar),
108.0 (N-C=C), 105.7 (C=C), 56.9 (CH), 55.3 (OMe), 53.7 (OMe). Anal. calcd
for C,5H,oN;Og: C, 69.64; H, 4.19; N, 9.19; found: C, 69.87; H, 4.00; N, 9.13%.
HRMS (ESI): m/z (M)* caled. for C,5H,gN;O4": 457.1274; found: 457.1265.
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3-(6-Nitro-2-(4-nitrophenyl)-1H-indol-3-yl)quinoline-2,4(1H,3H)-dione (5i)

Orange powder; yield 78% (345 mg); m.p. 165-166 °C; FTIR (KBr) v (cm™):
3310, 3107, 3084, 2855, 1648, 1614, 1527, 1431, 1348, 1233, 1107, 852, 756; 'H-
NMR (300 MHz, DMSO-d;) & (ppm): 11.54 (s, 2H, exchanged by D,0, 2xXNH),
8.89-8.23 (m, 5H, ArH), 8.80-6.70 (m, 6H, ArH), 6.46 (s, 1H, CH); '*C-NMR
(75.5 MHz, DMSO-d;) § (ppm): 196.3 (C=0), 160.5 (C=0), 149.8 (C, Ar), 149.1
(C, Ar), 146.8 (C, Ar), 143.2 (C, Ar), 141.9 (C, Ar), 141.8 (C, Ar), 138.8 (C, Ar),
131.2 (C, Ar), 130.6 (C, Ar), 130.3 (C, Ar), 128.1 (C, Ar), 127.8 (C, Ar), 125.0 (C,
Ar), 122.7 (C, Ar), 119.4 (C, Ar), 117.0 (C, Ar), 115.0 (N-C=C) 109.6 (C=C), 66.2
(CH). Anal. calcd for C,3H4,N,Oq: C, 62.45; H, 3.19; N, 12.66; found: C, 62.36; H,
3.37; N, 12.42%. HRMS (ESI): m/z (M) calcd. for C,3H,,N,O¢*: 442.0913; found:
442.0924.
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