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Abstract

An efficient and completely greener approach has been outlined for the reaction of 3-acetyl-2H-chromen-2-
ones with o-phenylenediamines using tetrabutylammonium tribromide (TBATB) to obtain 3-(quinoxalin-2-yl)-
2H-chromen-2-ones in one-pot. Alternatively, a step-wise method has also been demonstrated for the
synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones, where 3-acetyl-2H-chromen-2-ones has first treated with
TBATB to give 3-(2-bromoacetyl)-2H-chromen-2-one followed by its nucleophilic substitution reaction with o-
phenylenediamines. Use of polyethylene glycol-600 (PEG-600) as the solvent media, mild reaction conditions
and easy isolation procedure of products are the added advantages for this synthesis. Both the one-pot and
step-wise methods have been compared in terms of their reaction yields and one-pot synthesis was found to
be superior. All the synthesized compounds were confirmed by characterization with 'HNMR, *CNMR, HRMS,
IR spectroscopy.
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Introduction

In the large family of heterocyclic chemistry, coumarin and its derivatives have significant role due to their
distinct applications, abundant availability in nature and various routes for its synthesis. Coumarin is the
effective pharmacophore with wide variety of pharmacological applications.”” Some of their important
biological activities include cardiovascular,3 antibiotic,4 anti—viral,5 anti—depressant,6 anti—inflammatory,7 anti-
oxidant,® antimicrobial,’ etc. Based on their importance and widespread activities, we have recently reviewed
few of the applications of coumarin and its hybrid compounds pertaining to their medicinal chemistry,
material chemistry and agrochemical field.’® Some of the coumarin based drug candidates have listed below
(Figure 1).

~|S ﬁi
B N~ N/\\ 0} -
\/OY\O/@JIOV 0 \\/N\/\/ o o” °
o \

Chromonar - vasodilator. Ensaculin (KA-672) - Drug for Dementia
o X
OH
X [CXN©]
X
HO [CX)
o (6]
N
Hymecromone - Warfarin - .
antispasmodic drug Anticoagualnt Batoprazine -

antiaggressive agent

Figure 1. Commercially available coumarin based drugs.

Furthermore, quinoxalines and its derivatives have been found to exhibit diversified pharmacological
activities such as anti—inflammatory,11 anti—mycobacterial,12 anti—leishmanial,13 anti—microbial,14 anti—cancer,15
I,17 antibiotic,18 anti—infective,19 etc. Apart from these, quinoxaline derivatives
2122 5ome of the commercially

anti—tubercular,16 anti-malaria
also exhibited applications such as DNA photo cleaving reagents®® and as dyes.
available quinoxaline based drugs have listed in Figure 2.
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Figure 2. Commercially available quinoxaline based drugs.
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In the view of importance of coumarin, quinoxaline derivatives, it is worthwhile to synthesize the
compounds containing both the coumarin and quinoxaline rings in a single frame work under environmentally
benign conditions. One of the most commonly used procedures for the synthesis of the quinoxaline ring that
clubbed to coumarin is by the reaction of 3-(2-bromooacetyl)-2H-chromen-2-one with o-phenylenediamines.
Zhou et al. reported23 the synthesis of coumarinylquinoxalines by treating 3-(2-bromoacetyl)-2H-chromen-2-
one with o-phenylenediamine in ethanol under microwave irradiation conditions at 100 C. Also, Kamble et al.
reported*® the synthesis of coumarin and quinoxaline hybrid derivatives by the reaction of 3-(2-bromoacetyl)-
2H-chromen-2-one with o-phenylenediamine in tetrahydrofuran using pyridine as a catalyst. Thus, in the
preparation of 3-(quinoxalin-2-yl)-2H-chromen-2-ones the common starting material is 3-(2-bromoacetyl)-2H-
chromen-2-one which has to be prepared by the bromination of 3-acetyl-2H-chromen-2-one with bromine.
Conventional methods of bromination of organic substrates mostly use liquid bromine as brominating reagent.
However, bromine is a corrosive toxic reagent, maintenance of stoichiometry is difficult, special care is
required for its storage, handling and transportation, it is very important for many organic transformations.
Therefore there has been a search for benign reagents which can act as bromine alternatives. Among all the
bromine alternatives that have been developed so far, a group of reagents that have become popular are the
quaternary ammonium tribromides which are finding numerous applications in various bromination
reactions.>® Among all these, tetrabutylammonium tribromide (TBATB) has attracted the attention of
researchers because of its stability, easier method of preparation and its advantages over liquid bromine such
as its use at higher temperature.””*

One-pot method of synthesis constitute one of the most effective tools in emerging organic chemistry,
since they have features that contribute to an ideal synthesis such as atom economy, rapid and easy
implementation, energy and time saving, eco-friendly methods with target and diversity-oriented synthesis.”’
Development of new one-pot reactions towards pharmacologically active scaffolds is inevitable at the present
time whereby a starting material is subjected to successive chemical operations in a single reaction vessel. So,
with the above literature precedence, herein we wish to report an efficient environmentally benign one-pot
method for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones using TBATB as the reagent by the direct
reaction of 3-acetyl-2H-chromen-2-ones with o-phenylenediamines.

Results and Discussion

As shown in Scheme 1, reaction of commercially available salicylaldehydes with ethyl acetoacetate in ethanol
containing catalytic amount of piperidine as a catalyst at room temperature (RT) for 2 h afforded 3-acetyl-2H-
chromen-2-ones (1). Bromination of the latter with TBATB in PEG-600 at RT for 1 % h resulted in the formation
of 3-(2-bromoacetyl)-2H-chromen-2-ones (2) (Scheme 1).

0 o0
OH LOJ\/U\ o0_oO / PEG-600 0_0
R1©c|-|o EtOH / Piperidine R1% RT/1% h R1%
RT/1h ; © ) o
1a: R'=H, 1b: R'=NO, 2a: R'= H, 2b: R'=NO,

Scheme 1. Synthesis of 3-(2-bromoacetyl)-2H-chromen-2-one (2) starting from salicylaldehydes
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Reaction of 3-(2-bromoacetyl)-2H-chromen-2-one (2a, i.e.,, 2, R;=H), with equimolar amount of o-
phenylenediamine (3a, i.e., 3, R,=H) in PEG-600 at 100 °C for 45 min. resulted in the formation of 3-
(quinoxalin-2-yl)-2H-chromen-2-one (4a, i.e., 4, R1=R,=H) (Scheme 2).

0.0
0. _0 HoN PEG-600/ 100 °C
+ :@ Z N
= . 7
% HN 45 min. - :@
(@] N
2a 3 4a

a

Scheme 2. Synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-one (4a) from 2a & 3a.

In order to check the effect of solvent on this reaction, several solvents have been screened to get the
product 4a in shorter time with maximum yield. When this reaction has been carried out using different
solvents, resulted in the formation of product 4a, but none of them were superior to PEG-600 (Table 1).
Optimization data with several solvents has revealed that this reaction was found to complete very smoothly
when PEG-600 was used as a reaction media in terms of product yield and reaction time (Table 1).

Table 1. Optimization of reaction conditions for the synthesis of 4a from 2a & 3a

S. No. Solvent Reaction condition Reaction Time  Yield” (%)
1 PEG-600 100 °C 45 min. 89
2 Isopropyl alcohol 83°C 2.5h 66
3 Ethylene glycol 100 °C 2h 76
4 Glycerol 100 °C 15h 79
5 Ethanol 78 °C 2h 74
6 Acetonitrile 82°C 2.5h 70
7 Methanol 65 °C 3h 68
8 Tetrahydrofuran 66 °C 2.5h 65
9 1,4-dioxane 101 °C 2h 62
10 Acetone 56 °C 45h 58

*isolated yield
Having optimized the reaction conditions in hand, this protocol was generalized and was successfully

extended to other derivatives of 3-(2-bromoacetyl)-2H-chromen-2-ones (2) and o-phenylenediamines (3)
(Scheme 3).
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4i: R'=NO,, R?2=0OCHg; 4j: R'=NO,, R?=NO,;
4k: R'=NO,, R?=F; 4I: R'=NO,, R?=ClI

Scheme 3. Synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones (4a-l).

Encouraged with the above results, we thought of interest to prepare these compounds in a one-pot
method from 3-acetyl-2H-chromen-2-ones (1). For this, in a blank experiment, we have taken equimolar
amounts of 3-acetyl-2H-chromen-2-one (1a) and o-phenylenediamine (3a) and heated to 100 °C in PEG-600 to
check whether any reaction taking place between 1a and 3a to form Schiff’'s base under our reaction
conditions. We observed no product formation between these two reactants and the starting materials were
recovered (Scheme 4).

0.0
00 H,N PEG-600 /100 °C
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Scheme 4. Attempted reaction for the possibility of Schiff’s base between 1a & 3a.

With the above experiment, we understood that there is no problem of Schiff’'s base formation and this
has been taken as an advantage, tried to prepare the target compounds in a one-pot method using TBATB as
the bromine source for in-situ a-bromination of 1. Thus equimolar amounts of 3-acetyl-2H-chromen-2-one
(1a), TBATB and o-phenylenediamine (3a) were reacted together in PEG-600 at 100 °C for 1 h. Interestingly,
this reaction was successfully completed and gave the desired product i.e., 3-(quinoxalin-2-yl)-2H-chromen-2-
one (4a). Thus, we have extended the scope of this one-pot protocol for various 3-acetyl-2H-chromen-2-ones
(1) and o-phenylenediamines (4) to obtain the required quinoxalines (4a-1) in excellent yields. (Scheme 5).
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Scheme 5. One-pot synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones (4a-1) from 1.

The mechanism for this one-pot reaction was studied and here TBATB can be considered as a general
brominating agent where it reacts with 3-acetyl-2H-chromen-2-one (1) in PEG-600 to give the corresponding
3-(2-bromoacetyl)-2H-chromen-2-one (2), HBr and tetrabutylammonium bromide (TBAB). 2 thus, formed in
this way can be readily reacted in situ with o-phenylenediamines (4) to give the corresponding quinoxalines 4.
The beauty of this reaction is that TBATB during its reaction generates TBAB, which will be in the reaction
mass, and will then act as a Phase Transfer Catalyst (PTC) and enhance the progress of the condensation
reaction (alkylation of 3 by bromoacetyl group) between 2 & 3 in-situ (Scheme 6). In detail, a-bromoacetyl
group of 2 initially undergo nucleophilic substitution reaction with one of the amine from o-phenylenediamine
(3) to form a condensed product “A”. Another amine from this condensed compound “A” will undergo
internal nucleophilic addition reaction with carbonyl carbon to form a cyclized compound “B” which will
undergo dehydration to form “C”. The latter being the dihydroderivative, quite unstable, undergoes
dehydrogenation (oxidation) under heating conditions to yield the thermally stable, aromatized product
guinoxaline 4.
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Scheme 6. Plausible mechanism for the formation of 3-(quinoxalin-2-yl)-2H-chromen-2-one (4).
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The overall yield from the stepwise synthesis for the formation of 4 has been calculated (Table 2) and
compared with the yield of 4 obtained from the one-pot synthesis (Figure 3). From this comparison, it can be
concluded that one-pot synthesis is the most convenient and efficient method for the preparation of these
guinoxalines.

Table 2. Comparison of yields of 4 obtained in step-wise & One-pot method

S. No. Step-Wise method Yield of 4 obtained
Yield of 2 Yield of 4 Overall in One-pot method
from 1 from2 &3 yield of 4

1 2a: 93 4a: 88 4a: 82 4a: 90
2 2a: 93 4b: 76 4b: 70 4b: 77
3 2a: 93 4c: 73 4c: 67 4c: 76
4 2a: 93 4d: 84 4d: 78 4d: 87
5 2a: 93 de:77 de: 72 de: 84
6 2a: 93 4f: 81 af: 75 4f: 83
7 2b: 89 4g: 78 4g: 69 4g: 78
8 2b: 89 4h: 75 4h: 67 4h: 75
9 2b: 89 4i:73 4i: 65 4i: 77
10 2b: 89 4j: 82 4j: 73 4j: 89
11 2b: 89 4k: 80 4k: 71 4k: 82
12 2b: 89 41: 79 4]: 70 4]: 85

comparision table between step-
wise and one-pot method
W step wise M step wise one pot

90 9

87 8
82 84 _ 83 82 85
78 78 a
7077 ¢, 7® | 72 ‘| > ‘| 69 | 677> s = 3] 11 ~| 70
4a 4b 4c 4d de 4f 4g 4h 4 4) 4k 4l

Figure 3. Yield comparison of step-wise as well as one-pot method for the synthesis of 4.

Synthesis of TBATB
A mixture of TBAB (38.80 g, 120 mmol), sodium bromate (6.00 g, 40 mmol) and water (300 mL) was stirred at
room temperature for 10 min. To this solution was added 48% Aq. HBr (28 mL) drop wise under stirring and
continued for another 30 min at room temperature. An orange colored solid precipitated out, which was
filtered, washed with water (2x120 mL) and air-dried at room temperature.
Yield: 55.36 g (96%). mp 74-76°C.
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Characterization of TBATB

Formation of the reagent TBATB was compared with the available literature data, however, further
characterization is always an added advantage. In view of this, we have characterized TBATB with powder

XRD, SEM-EDX, DSC and TG/DTA analysis.

SEM-EDX analysis of TBATB

The surface morphology of TBATB was studied by recording its SEM micrograph. These SEM images (Figure 4)
showed proper alignment and an even distribution which was recorded at different magnifications. Further,
the elemental composition of the material has been came to know with the help of EDX analysis (Figure 5). For
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this reagent, EDX analysis showed the presence of C, N and Br elements.
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Figure 4. SEM image of TBATB at different magnifications.
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Figure 5. EDX analysis of TBATB.
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Powder X-ray diffraction (XRD) analysis of TBATB

The nature of the prepared TBATB was identified by recording its powder XRD. X-ray patterns of TBATB was
recorded at 2 theta = 10-80° range (Figure 6). A broad peak centered at 2 theta angle showed the strong
crystalline peaks in the range of 10—60° confirmed the TBATB reagent as crystalline in nature.
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Figure 6. Powder X-ray diffraction analysis of TBATB.

TG/DTA analysis of TBATB

Further the scope and the stability of the reagent at higher temperatures were studied by TG-DTA analysis.
DSC measures amount of energy released or absorbed by the sample when it is cooled or heated, providing
guantitative and qualitative data on endothermic (heat absorption) and exothermic (heat evolution) processes

and the main advantage of DSC is to measure melting temperature. The melting endotherm for TBATB after
heating is shown an enthalpy of 278.6 J/g (Figure 7).

Sample: 1 File: C:\TA\Data\DSC\2015\srikanth\1.001
Size: 2.4000 mg DsC Operator: OU
Method: Ramp Run Date: 06-Nov-2015 13:14

Instrument: DSC Q20 V24.10 Build 122

Heat Flow (W/g)

75.18°C

20 Py 60 80 100
Temperature (°C) Universal V4.5A TA Instruments

Figure 7. DSC curve of TBATB.

Differential thermal analysis (DTA) and thermo gravimetric analysis (TGA) of the prepared reagent, i.e.,
TBATB has also been carried out simultaneously. Thermal stability of the reagent was tested by heating the
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reagent at a rate of 5°C /min under inert nitrogen atmosphere. In DTA curve, the first endothermic peak at 75
°C is due to its meting point, which is also evident from the DSC curve. Another important observation in TGA
is there was no phase transition observed till the material melts which showed that this reagent can withstand
higher temperatures (Figure 8).

Moghula: TG/DTA Temperaturs Program: Commant:
Data Name: 1 Calo.Gal Cal/min  min = Operator: dagskar
Measuremens Dave:  2/8/2016 TR

Sasple Name: 1

TG %

Figure 8. TG-DTA curves of TBATB.

Conclusions

In conclusion, we have established an efficient one-pot three component method for the synthesis of 3-
(quinoxalin-2-yl)-2H-chromen-2-ones in PEG-600 as the green reaction media. This one-pot method worked
very efficiently and effectively for the synthesis of 3-(quinoxalin-2-yl)-2H-chromen-2-ones by cutting down the
number of steps, lowering the reaction time and relieving from the difficulty of isolating the compounds in
every step and their purifications. The method applied for this synthesis is regarded as environmentally
harmless by avoiding the harmful toxic chemical, i.e., liquid bromine, and the harmful carcinogenic solvents.
Synthesis carried in stepwise process also and compared the yield of the products among the two methods
and the one-pot method found to be superior among the two. The exploration of bromine alternative lead us
to a safe, easily handlable reagent i.e., TBATB, which is paved a way for the emerging researchers in the
particular field of interest.

Experimental Section

General. Melting points are uncorrected and were determined in open capillary tubes using sulphuric acid
bath. TLC analyses were done on silica gel-G coated sheets supplied by Merck Company and visualization was
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done using UV lamp and iodine. *H NMR spectra were recorded in DMSO—ds using TMS as an internal standard
using 400 MHz spectrometer. Mass spectra were recorded on Agilent-LCMS instrument. Starting materials like
salicylaldehyde, ethyl acetoacetate, o-phenylenediamines were purchased from commercial suppliers and
used as such.

General procedure for the preparation of 2 from 1. A mixture of 1 (20 mmol), TBATB (20 mmol), PEG-600 (30
mL) was stirred at RT for 1 — 1 % h. After completion of the reaction, the mixture was poured into ice-cold
water (60 mL). The separated solid was filtered, washed with water (2x30 mL) and air-dried at RT. The crude
product was recrystallized from suitable solvent to obtain pure 2.

3-(2-Bromoacetyl)-2H-chromen-2-one (2a): White color solid. Yield: 4.96 g (93 %). mp: 165-167 °C [23]; IR
(KBr) vmax/cm™: 1717 cm™ (strong, sharp, -CO of coumarin ring), 1683 (CO of -COCHy); 'H-NMR (400 MHz,
DMSO-ds/ TMS): & 4.68 (s, 2H, -CH,), 7.35-8.00 (complex, multiplet, 4H, Ar-H), 8.68 (s, 1H, Ar-H); 1B3C-NMR (100
MHz, DMSO-dg): 36.3, 116.2, 118.2,122.8, 125.1, 131.0, 135.0, 148.5, 152.3, 163.6, 190.3; HRMS calculated for
C11H,BrO; [M+H]": 266.9656, found: 266.9697.

3-(2-Bromoacetyl)-6-nitro-2H-chromen-2-one (2b). White color solid. Yield: 5.55 g (89 %). mp: 145-147 °C
[23]; IR (KBr) vmax/cm™: 1726 cm™ (strong, sharp, -CO of coumarin ring), 1685 (CO of -COCHs); *H-NMR (400
MHz, DMSO-ds/ TMS): 6 4.80 (s, 2H, -CH;), 7.35-7.54 (complex, multiplet, 2H, Ar-H), 7.98 (s, 1H, Ar-H), 8.68 (s,
1H, Ar-H); Be.NMR (100 MHz, DMSO-dg): 36.5, 116.5, 118.8, 122.8, 125.6, 132.0, 140.8, 148.8, 153.2, 164.2,
190.9; HRMS calculated for C11HgBrNOs [M+H]*: 311.9507, found: 311.9576.

General procedure for the synthesis of 4 from 2 & 3. A mixture of 2 (10 mmol), 3 (10 mmol) in PEG-600
(20 mL) was heated to 100 °C and maintained for a period of 30 min. to 1 h. After completion of the reaction,
the mixture was poured into ice-cold water (60 mL). The separated solid was filtered, washed with water
(2x30 mL) and air-dried at RT. The crude product was recrystallized from suitable solvent to obtain pure 4.
3-(Quinoxalin-2-yl)-2H-chromen-2-one (4a). Brown color solid. Yield: 2.41 g (88%); mp: 198-200 °C
(Methanol); IR (KBr) vmax/cm™: 1715 cm™ (strong, sharp, -CO of coumarin ring); *H-NMR (400 MHz, DMSO-d¢/
TMS): & 7.34-8.36 (complex, multiplet, 8H, Ar- H), 8.87 (s, 1H, Ar-H), 9.55 (s, 1H, Ar-H ); 1Bc.NMR (100 MHz,
DMSO-dg): 116.1, 119.0, 123.5, 124.9, 128.8, 129.0, 129.7, 130.5, 130.7, 133.2, 141.2, 144.5, 145.3, 147.7,
153.8, 159.5; HRMS calculated for C17H10N20, [M+H]*: 275.08205, found: 275.0821.
3-(7-Methylquinoxalin-2-yl)-2H-chromen-2-one (4b). Brown color solid. Yield: 2.18 g (76%); mp: 190-192 °C
(Ethanol); IR(KBr) vmax/ cm™: 1715 cm™ (strong, sharp, -CO of coumarin ring); 'H NMR (400 MHz, DMSO-dg/
TMS): & 2.43 (s, 3H, CHs), 7.38-8.12 (complex, m, 7H, Ar-H), 8.83 (s, 1H, Ar-H), 9.54 (s, 1H, Ar-H); *C NMR (100
MHz, DMSO-dg): 21.3, 116.0, 119.0, 124.9, 127.6, 128.3, 128.5, 129.6, 133.1, 139.7, 140.9, 141.4, 144.1, 144.3,
145.1, 147.4, 153.7, 159.5; HRMS calculated for C1gH12N>0, [M+H]*: 289.09710, Found: 289.09662.
3-(7-Methoxyquinoxalin-2-yl)-2H-chromen-2-one (4c). Brown color solid. Yield: 2.21 g (73%); mp: 156-158 °C
(Ethanol); IR(KBr) vmax/ cm™: 1720 cm™ (strong, sharp, -CO of coumarin ring); 'H NMR (400 MHz, DMSO-dg/
TMS): & 3.96 (s, 3H, OCHs), 7.43-8.06 (complex, m, 7H, Ar-H), 8.90 (s, 1H, Ar-H), 9.52 (s, 1H, Ar-H); *C NMR
(100 MHz, DMSO-dg): 51.3, 117.5, 117.6, 128.3, 128.5, 129.6, 130.7, 132.7, 132.8, 133.1, 134.4, 139.7, 140.8,
141.4, 144.0, 144.3, 155.1, 167.0; HRMS calculated for C;1gH15N,05 [M+H]": 305.09261, Found: 305.09245.
3-(7-Nitroquinoxalin-2-yl)-2H-chromen-2-one (4d). Brown color solid. Yield: 2.67 g (84%); mp: 240-242 °C
(Methanol); IR(KBr) vmax/ cm™: 1723 cm™ (strong, sharp, -CO of coumarin ring); *H NMR (400 MHz, DMSO-de/
TMS): & 7.44-8.06 (complex, m, 7H, Ar-H), 8.91 (s, 1H, Ar-H), 9.55 (s, 1H, Ar-H); *C NMR (100 MHz, DMSO-de):
127.6, 128.3, 128.5, 129.6, 130.7, 132.7, 132.8, 133.1, 134.4, 139.7, 141.4, 144.3, 145.1, 147.0, 147.4, 153.7,
159.5; HRMS calculated for C17;H9N30,4 [M+H]+: 320.06713, Found: 320.06728.
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3-(7-Fluoroquinoxalin-2-yl)-2H-chromen-2-one (4e). Brown color solid. Yield: 2.25 g (77%); mp: 167-169 °C
(Methanol); IR(KBr) vmax/ cm™: 1725 cm™ (strong, sharp, -CO of coumarin ring), *H NMR (400 MHz, DMSO-d¢/
TMS): & 7.44-8.06 (complex, m, 7H, Ar-H), 8.90 (s, 1H, Ar-H), 9.55 (s, 1H, Ar-H); **C NMR (100 MHz, DMSO-de):
127.7, 128.3, 128.5, 129.6, 132.7, 132.8, 133.1, 139.7, 140.9, 141.2, 141.4, 144.1, 144.3, 145.1, 147.5, 153.7,
159.5; HRMS calculated for C;7HgFN,0;, [M+H]+: 293.07263, Found: 293.07219.
3-(7-Chloroquinoxalin-2-yl)-2H-chromen-2-one (4f). Brown color solid. Yield: 2.50 g (81%); mp: 185-187 °C
(Acetone); IR(KBr) vmax/ cm™: 1718 cm™ (strong, sharp, -CO of coumarin ring); *H NMR (400 MHz, DMSO-d¢/
TMS): 6 7.43-8.07 (complex, m, 7H, Ar-H), 8.89 (s, 1H, Ar-H), 9.56 (s, 1H, Ar-H); 13¢ NMR (100 MHz, DMSO-d):
126.9, 127.7, 128.2, 128.9, 131.9, 132.2, 132.9, 138.2, 140.5, 141.2, 141.8, 143.9, 144.1, 144.9, 146.9, 152.6,
158.8; HRMS calculated for C;7HgCIN,O, [M+H]+: 309.04308, Found: 309.04299.
6-Nitro-3-(quinoxalin-2-yl)-2H-chromen-2-one (4g). Yellow color solid. Yield: 2.48 g (78%); mp: 247-249 °C
(Ethanol); IR (KBr) vmax/cm™: 1712 cm™ (strong, sharp, -CO of coumarin ring); *H-NMR (400 MHz, DMSO-d¢/
TMS): & 7.67-8.39 (complex, multiplet, 7H, Ar- H), 8.88 (s, 1H, Ar-H), 9.60 (s, 1H, Ar-H ); >C-NMR (100 MHz,
DMSO-dg): 118.4, 123.4, 124.5, 124.5, 128.8, 129.0, 129.5, 129.7, 129.7, 142.2, 143.2, 144.3, 144.4, 146.7,
153.8, 159.5, 161.7; HRMS calculated for C;7HgN304 [M+H]": 320.06713, Found: 320.06245.
3-(7-Methylquinoxalin-2-yl)-6-nitro-2H-chromen-2-one (4h): Yellow color solid. Yield: 2.66 g (80%); mp: 202-
204 °C (Methanol); IR(KBr) vmax/ cm™: 1734 cm™ (strong, sharp, -CO of coumarin ring); 'H NMR (400 MHz,
DMSO-dg/ TMS): & 2.43 (s, 3H, CHs), 7.58-8.52 (complex, m, 6H, Ar-H), 8.83 (s, 1H, Ar-H), 9.54 (s, 1H, Ar-H); **C
NMR (100 MHz, DMSO-dg): 21.3, 118.0, 123.0, 124.6, 124.9, 127.3, 128.5, 129.6, 134.1, 138.7, 139.9, 141.4,
142.1, 144.3, 146.1, 153.4, 159.7, 161.5; HRMS calculated for CigH11N304 [M+H]": 334.08278, Found:
334.08098.

3-(7-Methoxyquinoxalin-2-yl)-6-nitro-2H-chromen-2-one (4i). Yellow color solid. Yield: 2.75 g (79%); mp: 192-
194 °C (Methanol); IR(KBr) vmax/ cm™: 1724 cm™ (strong, sharp, -CO of coumarin ring); 'H NMR (400 MHz,
DMSO-ds/ TMS): 6 3.86 (s, 3H, OCHs), 7.53-8.56 (complex, m, 6H, Ar-H), 8.87 (s, 1H, Ar-H), 9.52 (s, 1H, Ar-H);
B3¢ NMR (100 MHz, DMSO-dg): 55.3, 103.5, 118.6, 123.3, 124.5, 124.6, 127.7, 129.8, 130.7, 137.8, 140.1, 144.4,
144.7, 146.8, 154.6, 158.4, 159.0, 161.3; HRMS calculated for CigH11N3Os [M+H]": 350.07769, Found:
350.07812.

6-Nitro-3-(7-nitroquinoxalin-2-yl)-2H-chromen-2-one (4j). Yellow color solid. Yield: 2.98 g (82%); mp: 258-260
°C (Acetone); IR(KBr) vmax/ cm™: 1712 cm™ (strong, sharp, -CO of coumarin ring); 'H NMR (400 MHz, DMSO-
de/ TMS): 6 7.64-8.56 (complex, m, 6H, Ar-H), 8.91 (s, 1H, Ar-H), 9.55 (s, 1H, Ar-H); *C NMR (100 MHz, DMSO-
de): 127.6, 128.3, 128.5, 129.6, 130.7, 132.7, 132.8, 133.1, 134.4, 139.7, 141.4, 144.3, 145.1, 147.0, 147.4,
153.7, 159.5; HRMS calculated for C;7HgN4Og [M+H]+: 365.05221, Found: 365.05011.
3-(7-Fluoroquinoxalin-2-yl)-6-nitro-2H-chromen-2-one (4k). Yellow color solid. Yield: 2.59 g (77%); mp: 231-
233 °C (Methanol); IR(KBr) vmax/ cm™: 1708 cm™ (strong, sharp, -CO of coumarin ring), *"H NMR (400 MHz,
DMSO-dg/ TMS): 6 7.44-8.56 (complex, m, 6H, Ar-H), 8.90 (s, 1H, Ar-H), 9.55 (s, 1H, Ar-H); 3C NMR (100 MHz,
DMSO-dg): 127.7, 128.3, 128.5, 129.6, 132.7, 132.8, 133.1, 139.7, 140.9, 141.2, 141.4, 144.1, 144.3, 145.1,
147.5, 153.7, 159.5; HRMS calculated for C17HgFN304 [M+H]+: 338.05771, Found: 338.05842.
3-(7-Chloroquinoxalin-2-yl)-6-nitro-2H-chromen-2-one (4l). Yellow color solid. Yield: 2.78 g (79%); mp: 215-
217 °C (Ethanol); IR(KBr) vmax/ cm™: 1714 cm™ (strong, sharp, -CO of coumarin ring); *H NMR (400 MHz,
DMSO-ds/ TMS): 6 7.41-8.56 (complex, m, 6H, Ar-H), 8.85 (s, 1H, Ar-H), 9.56 (s, 1H, Ar-H); 3¢ NMR (100 MHz,
DMSO-dg): 68.3, 111.4, 115.8, 120.0, 125.9, 127.7, 129.2, 130.9, 131.9, 139.2, 139.9, 140.2, 142.5, 143.2,
143.8, 154.9, 163.7; HRMS calculated for C;7HgCIN3O4 [M+H]+: 354.02816, Found: 354.02924.

General procedure for the one-pot three component synthesis of 4 from 1 & 3. A mixture of 1 (10 mmol),
TBATB (10 mmol), 3 (10 mmol) and PEG-600 (20 mL) was heated to 100 °C and maintained at the same
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temperature for a period of 1-2 h. Progress of the reaction was monitored on TLC. After completion of
reaction, the mixture was poured into ice-cold water (60 mL). The separated solid was filtered, washed with
water (2x30 mL) and dried. The crude product was recrystallized from a suitable solvent to obtain pure 4.
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