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Abstract A metal-catalyst-free synthesis of substituted quinoxalin-2-
ones from 2,2-dibromo-1-arylethanone by employing an oxidative ami-
dation-heterocycloannulation protocol is reported. The substrate
scope of the reaction has been demonstrated and a possible mecha-
nism for this reaction has also been proposed.

Key words oxidative amidation, heterocycloannulation, quinoxalin-
2(1H)-one, 2,2-dibromo-1-arylethanone

Due to their diverse biological activity and applications
in pharmaceutical industry, the efficient preparation of qui-
noxalin-2-one derivatives is highly desirable for drug dis-
covery. Quinoxalinones have gained much recent attention
as an important pharmacophore in a family of biologically
active heterocyclic compounds, and several antimicrobial
and antitumor drugs (1) possess the quinoxalinone unit in
their structural framework (Figure 1).1

Other quinoxalinone derivatives demonstrate aldose re-
ductase inhibition (3), histamine-4 receptor antagonism
(4), and ORL-1 receptor modulation (2) (Figure 1).! Further-
more, related compounds prevent the growth of Gram-pos-
itive bacteria or are active against various transplantable
tumors. In addition, quinoxalin-2-one derivatives have
been used as a fluorophores in HPLC for the analysis of car-
boxylic acids, alcohols and amines.># Moreover, quinoxalin-
2-one derivatives have been used to sense alkali metal ions
in the presence of aza-crown ethers.’
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Figure 1 Representative medicinally important quinoxalin-2-ones

A number of synthetic strategies have been developed
for the preparation of substituted quinoxalinones (Scheme
1).6-8 The most common approach involves the condensa-
tion of aryl-1,2-diamines with 1,2-dicarbonyl compounds.’?
Other noteworthy synthetic approaches towards quinoxal-
ines include multicomponent reactions (MCR).”® In addi-
tion, Ping et al. have reported the reaction of a-bromo ke-
tones and 1,2-diamines to afford 2-substituted quinoxalines
using Ga(ClQ,); as a catalyst in good yields.”®

Yan et al. developed a method utilizing a sequential Ugi
reaction/catalytic aza-Wittig cyclization sequence to syn-
thesize multi-substituted quinoxalin-2(1H)-ones in a one-
pot procedure.”d Similarly Yoshimura et al. demonstrated a
metal catalyst-free synthesis of 2-substituted quinoxalines
using a-bromo ketones and 1,2-diamines in dimethyl sulf-
oxide (DMSO; Scheme 1).7¢ Kurth and co-workers synthe-
sized a range of arylquinoxalinones by condensing o-
phenylenediamines with substituted phenyloxoacetates.??
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Scheme 1 Reported methods for the synthesis of quinoxalin-2-ones
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Muthusubramanian and co-workers reported the prepara-
tion of novel quinoxalinones from 2-oxo-2-arylacetyl bro-
mide as a precursor.8® Another interesting invention from
the Brdse group uses immobilized oxazolones in combina-
tion with difunctional nucleophiles as cleavage agent.’ De-
spite these notable efforts, the development of an efficient
methodology for the synthesis of highly functionalized qui-
noxalin-2-ones is still an important challenge for organic
chemists.

In a continuation of our ongoing research,® we herein
report a one-pot oxidative amidation strategy for the syn-
thesis a range of quinoxalin-2-ones. As reported in our ear-
lier report,'® the key intermediate 10 is formed during the
oxidation of aryldibromoethanone 6a with DMSO (see
Scheme 5 below). Compound 10 behaves like a masked a-
keto ester or a-keto acid chloride equivalent and can react
readily with aryl-1,2-diamine to give quinoxalin-2-ones.

Initially, the reaction conditions were optimized by tak-
ing 2,2-dibromo-1-phenylethanone (6a) and aryl-1,2-di-
amine (5a) as a model substrates in dimethyl sulfoxide as
solvent. The reaction was screened with different bases at
different temperatures and, to our satisfaction, the reaction
occurred efficiently at 75 °C using triethylamine as a base to
form the arylquinoxalin-2-one in good yield. Indeed, the re-
action of 2,2-dibromo-1-phenylethanone (7a) in dimethyl
sulfoxide gives oxosulfonium intermediate that further re-
acts with thearyl-1,2-diamine in one pot to form quinoxal-
in-2-one (7a), as confirmed by spectroscopic analysis. The
substrate scope of the reaction was then studied with dif-
ferent substituted 2,2-dibromo-1-phenylethanones 6a-h
and aryl-1,2-diamines 5a-b to obtain the corresponding
quinoxalin-2-ones 7a-h (Scheme 2). Furthermore 2,2-di-
bromo-1-phenylethanone with racemic 1,2-diaminocyclo-
hexane produced hexahydroquinoxaline-2-ones 9a-c
(Scheme 3) in good yields. However, the reaction of dibro-
moethanone and 1,2-diaminoethane in DMSO was not suc-
cessful under similar conditions. Furthermore, during the
course of the investigation, the dimethoxyaryldibromoeth-
anone (7g) underwent competitive demethylation during
the oxidation, which resulted in low yield of product.
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Scheme 2 Substrate scope of the reaction. Reagents and conditions:
aryl-1,2-diamine 5 (1 mol), dibromoketone 6 (1 mol), triethylamine
(3 mol), DMSO (6 mL), 75 °C, 2 h.

In a continuation of our investigations, we also studied
the regioselectivity of various quinoxalin-2-ones by the re-
action of 2,2-dibromo-1-phenylethanone (6a) with unsym-
metrically substituted aryldiamines 5b-d (Table 1). Gratify-
ingly, when an electron-withdrawing group was present at
the meta-position of aryl-1,2-diamines, the reaction occurs

SynOpen 2020, 4, 55-61



57

THIEME

SynOpen A. Raghunadh et al.

H
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Scheme 3 Substrate scope of the reaction. Reagents and conditions: di-
bromoketone 6 (1 mol), cyclohexyl-1,2-diamine 8 (1 mol), triethyl-
amine (3 mol), DMSO (6 mL), 75 °C, 2 h.

with high regioselectivity and can provide insights into the
reaction mechanism. The amine functionality at the meta-
position to the electron-withdrawing group can form either
an imine (Path A) or an amide bond (Path B), followed by
cyclization to provide the quinoxalin-2-one (see Scheme 5
below). The dibromoethanones 6a-g were synthesized
from the corresponding ketones by following our reported
procedure.'” To demonstrate the efficiency of this protocol
further, a gram-scale reaction was performed on toluene-
sulfonyl-indole-dibromoethanone and it was possible to re-
produce the same yields of 7i as obtained in the smaller-
scale reaction (Scheme 4).
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Scheme 4 Gram-scale reaction

Table 1 Regioselectivity of Quinoxalin-2(1H)-ones

A detailed investigation of regioisomer formation was
carried out by NOE spectroscopic analysis. Reaction of aryl-
1,2-diamine 5c¢ with dibromoethanone (6a) provides the
two regioisomeric quinoxalin-2-ones (7ma; 95%) and
(7mb; 5%) (Table 1). From the NOE enhancements it can be
concluded that the H, proton is spatially close to H, and also
showed H. in a neighboring environment (Figure 2). The
formation of quinoxalin-2-one 7ma as the major product
indicates that the reaction proceeds through the imine
mechanism rather than via an amide intermediate in the
first step. Furthermore, 1-chloro-3,4-diaminobenzene (5d)
also showed a similar reactivity pattern and the structure
of the major product was again confirmed by NOE studies.
However, no regioselectivity (1:1 ratio of products) was ob-
served, when 4-methyl-1,2-diaminobenzene (5e) was used.

e el

Hb He Hd He

7ma 7mb

Figure 2 NOE studies

The mechanism for the formation of 3-phenylquinoxal-
in-2-one (7a) from aryldibromoethanone (6a) might pro-
ceed either via Path A or B (Scheme 5). The reaction of
aryldibromoethanone (6a) in dimethylsulfoxide gives oxo-
sulfonium intermediate 10 that reacts further with the
aryl-1,2-diamine to form 3-phenylquinoxalin-2-one 7a.

Finally, to explore the general synthetic applicability of
quinoxalin-2-ones, we have synthesized a range of quinox-
alin-2-one derivatives with potential application in drug
discovery. Initially, quinoxalin-2-one 7a was converted into
2-chloro-3-phenylquinoxaline (13) by treatment with PO-
Cl; under neat conditions at elevated temperature'! and

Substrate Amine Quinoxalin-2(1H)-one Yield (%) Ratio
/@NHZ
6a ON NH, \©[ L Ji:[ L 64 95:5
5¢c
NH;
cl NH;
5d
6a Me™ X NH, o 62 50:50

70a
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Scheme 5 Proposed mechanism for the formation of 3-phenylquinoxalin-2-one

then 13 was coupled with 2-(2-methoxyphenoxy)ethana-
mine (14) to form N-[2-(2-methoxyphenoxy)ethyl]-3-
phenylquinoxalin-2-amine (15). Similarly, 2-chloro-3-
phenylquinoxaline (13) was coupled with 2-methylpropan-
1-amine (16) to obtain N-isobutyl-3-phenylquinoxalin-2-
amine (17) and 2-ethoxy-3-phenylquinoxaline (18) was
then obtained by treating 2-chloro-3-phenylquinoxaline
(13) with NaOEt in EtOH (Scheme 6).

In conclusion, we have developed a novel and efficient
one-pot method for the synthesis of substituted arylqui-
noxalin-2-ones and hexahydroquinoxalin-2-ones in moder-
ate to good yields. In addition, the regioselectivity of qui-
noxalin-2-ones has been demonstrated. Several quinoxaline

o~
N™ ~O N~ °Cl
H
7a 13

Scheme 6 Synthesis of quinoxaline derivatives

derivatives have also been prepared and a possible mecha-
nism for the formation of the arylquinoxalin-2-ones has
been proposed.

All reagents were used as received from commercial sources without
further purification or prepared as described in the literature. Reac-
tion mixtures were stirred using Teflon-coated magnetic stirring bars.
TLC plates were visualized with ultraviolet light or by treatment with
a spray of Pancaldi’s reagent {(NH,;)sMo0O,, Ce(SO,),, H,SO,, H,0}.
Chromatographic purification of products was carried out by flash
column chromatography on silica gel (60-120 mesh). Melting points
were determined with an electrothermal melting point apparatus. In-
frared spectra were recorded with a Perkin-Elmer 1650 Fourier
transform spectrophotometer. 'H NMR spectra were measured in
CDCl;, DMSO-dg (all with TMS as internal standard) with a Varian
Gemini 400 MHz FT NMR spectrometer. Chemical shifts (&) are
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reported in ppm, and coupling constants (J) are in Hz. The following
abbreviations are used for the multiplicities: s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet. Mass spectra were recorded
with a HP-5989A quadrupole mass spectrometer.

Synthesis of 2,2-Dibromo-1-phenylethanone

Bromine (2.90 g, 18 mmol) was added dropwise to anhydrous 1,4-di-
oxane (15 mL) in a round-bottom flask under nitrogen at room tem-
perature over a period of 20 minutes, and the mixture stirred for 30
minutes. A solution of acetophenone (1.00 g, 8.0 mmol) in 1,4-diox-
ane (10 mL) was added and the mixture was stirred for another 2 h.
The reaction was quenched with ice cold water (100 mL) and the re-
sultant solid was filtered off followed by washing the filter cake with
hexane (2 x 10 mL) to give pure 2,2-dibromo-1-phenylethanone (1a;
2.10 g, 90%).

Synthesis of 3-Phenylquinoxalin-2-(1H)-one

A solution of dibromoketone (1a; 1.00 g, 3.6 mmol) in anhydrous di-
methyl sulfoxide (6 mL) was stirred at 75 °C for 14 h under a nitrogen
atmosphere and the reaction mass was slowly cooled to 55 °C. To the
above mixture, a solution of benzene-1,2-diamine (0.4 g, 3.6 mol) and
triethylamine (1.1 g, 10 mmol) in anhydrous dimethyl sulfoxide (4
mL) was added and the mixture was stirred for 15 min. The tempera-
ture was increased to 80 °C and stirring was continued for 5 h. After
completion of reaction, the mixture was cooled to 35 °C, water (20
mL) was added and the mixture was extracted with EtOAc (4 x 20 mL).
The combined organic layers were washed with water (3 x 15 mL),
brine (15 mL) and dried over anhydrous sodium sulfate. After filtra-
tion, the organic extract was concentrated under reduced pressure
and the crude product was subjected to column chromatography to
obtain pure 3-phenylquinoxalin-2(1H)-one (2a).

3-Phenylquinoxalin-2-(1H)-one (7a)'°
Yield: 0.44 g (75%); yellow solid; mp 247-249 °C.
IR (KBr): 2836, 1664, 1431, 1285, 1007, 908, 765, 689 cm™!.

H NMR (400 MHz, DMSO-dg): 8 = 12.5 (s, NH), 8.29-8.31 (m, 2 H),
7.84(m, 1 H), 7.49-7.52 (m, 4 H), 7.33 (d, ] = 7.6 Hz, 2 H).

13C NMR (100 MHz, DMSO-dg): & = 154.5, 154.0, 135.5, 131.9, 130.2,
130.0,129.1, 128.6 (2C), 127.7,123.3, 114.9.

MS: mjz (%) =223 [M + 1], 245 [M + 23].

HRMS (ESI): m/z [M + H]" calcd for C,4H;;N,0: 223.0871; found:
223.0865.

3-(p-Tolyl)quinoxalin-2(1H)-one (7b)
Yield: 0.56 g (70%); yellow solid; mp 233-235 °C.
IR (KBr): 2854, 1660, 1487, 1444, 1270, 880, 813, 759, 689 cm™'.

H NMR (400 MHz, DMSO-d;): 5 = 12.8 (s, NH), 8.0 (d, J = 8 Hz, 2 H),
7.56-7.57 (m, 2 H), 7.37(d, ] = 8 Hz, 2 H), 7.18 (dd, ] = 2.8, 2.4 Hz, 2 H),
2.38 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 154.5, 154.0, 135.5, 131.9, 130.2,
130.0, 129.1, 128.6, 127.7, 123.3, 114.9, 20.9.

MS: m/z (%) =237 [M + 1].

3-(4-(Trifluoromethyl)phenyl)quinoxalin-2-(1H)-one (7c)
Yield: 0.56 g (67%); pale-yellow solid; mp 210-212 °C.
IR (KBr): 2848, 1662, 1478, 1329, 1109, 1071, 852, 759, 577 cm™.

H NMR (400 MHz, DMSO-d,): 8 = 12.7 (s, NH), 8.5 (d, ] = 8.4 Hz, 2 H),
7.86-7.89 (m, 3 H), 7.57-7.59 (m, 1 H), 7.36-7.38 (m, 2 H).

13C NMR (100 MHz, DMSO-d): 8 = 174.8, 154.5, 152.8, 139.3, 132.3,
131.9,130.9, 129.8, 129.0, 124.7, 124.7, 123.6, 115.2.

MS: m/z (%) = 291[M + 1].

HRMS (ESI): m/z [M + H]* calcd for Cy5H;oF;N,0: 291.0745; found:
291.0741

3-(4-Chlorophenyl)quinoxalin-2(1H)-one (7d)
Yield: 0.55 g (67%); yellow solid; mp 213-214 °C.
IR (KBr): 2836, 1661, 1593, 1477, 1280, 1091, 1005, 887, 750 cm™".

H NMR (400 MHz, DMSO-dj): 8 = 12.6 (s, NH), 8.3 (d, J = 8.8 Hz, 2 H),
7.76-7.86 (m, 1 H), 7.54-7.58 (m, 3 H), 7.33-7.36 (m, 2 H).

13C NMR (100 MHz, DMSO-d): & = 154.5, 152.7, 135.0, 134.3, 132.1,
131.9,130.9, 130.5, 128.8, 127.9, 123.5, 115.1.

MS: mjz (%) =257 [M +1].

3-(4-Isopropylphenyl)quinoxalin-2-(1H)-one (7e)
Yield: 0.52 g (63%); yellow solid; mp 181-184 °C.
IR (KBr): 2836, 1664, 1593, 1477, 1282, 1093, 1005, 888, 750 cm™".

H NMR (400 MHz, CDCL,): § = 9.8 (s, NH), 8.3 (d, J = 8.4 Hz, 1 H), 7.97-
7.99 (m, 2 H), 7.64-7.67 (m, 1 H), 7.47-7.49 (m, 1 H), 7.35-7.37 (m,
3 H),2.94-2.98 (m, 1 H), 1.27 (d, ] = 8.8 Hz, 6 H).

13C NMR (100 MHz, DMSO-dg): 8 = 154.6, 150.8, 133.3, 132.0, 131.9,
130.1, 129.3,128.6, 126.8, 126.5, 125.8, 123.3,121.9, 115.0, 33.4, 23.7.

MS: m/z (%) = 265 [M + 1].

3-(3,4-Dichlorophenyl)quinoxalin-2-(1H)-one (7f)
Yield: 0.56 g (67%); yellow solid; mp 250-252 °C.
IR (KBr): 2842, 1665, 1594, 1477, 1282, 1096, 1005, 889, 756 cm™".

H NMR (400 MHz, CDCl;+DMSO-dg): & = 12.6 (s, 1H), 7.8 (d, J =
6.4 Hz, 1H), 7.49-7.53 (m, 3 H), 7.40-7.41 (m, 2 H), 7.32-7.38 (m,
1H).

13C NMR (100 MHz, DMSO-dg): & = 156.2, 153.6, 134.6, 134.4, 133.3,
132.5,132.3,131.6, 131.1, 128.9, 128.7, 127.2, 123.5, 115.5.

MS: m/z(%)=291 [M +1].

3-(3,4-Dimethoxyphenyl)quinoxalin-2-(1H)-one (7g)
Yield: 0.29 g (35%); yellow solid; mp 238-240 °C.
IR (KBr): 2835, 1661, 1598, 1474, 1282, 1092, 1015, 887, 745 cm™".

H NMR (400 MHz, DMSO-dg): & = 12.48 (s, 1 H), 8.15-8.18 (m, 1 H),
8.03 (s, 1 H), 7.8 (d, ] = 8.4 Hz, 1 H), 7.49-7.53 (m, 1 H), 7.32-7.34 (m,
2H),7.08 (d,] = 8.4 Hz, 1 H), 3.8 (s, 6 H).

13C NMR (100 MHz, DMSO-dg): & = 154.7, 152.7, 150.9, 148.0, 131.9,
131.7,129.7,128.5,128.2, 123.3 (2C), 114.9, 112.3, 110.8, 55.5 (2C).

MS: m/z (%) =283 [M + 1].

6,7-Dichloro-3-phenylquinoxalin-2-(1H)-one (7h)

Yield: 0.67 g (64%); pale-yellow solid.

IR (KBr): 2832, 1650, 1444, 1285, 1011, 948, 756, 691 cm™".

H NMR (400 MHz, DMSO-dg): & = 12.6 (s, NH), 8.24-8.28 (m, 2 H),
8.08 (s, 1 H), 7.46-7.54 (m, 4 H).

13C NMR (100 MHz, DMSO-dg): 8 = 155.5, 154.1, 134.9, 132.1, 131.8,
131.3,130.6, 129.4,129.3, 127.8, 125.0, 115.9.

SynOpen 2020, 4, 55-61
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MS: mjz (%) = 291 [M].

HRMS (ESI): m/z [M + HJ* calcd for C;4HqCI,N,0: 291.0092; found:
291.0090.

3-(1-Tosyl-1H-indol-3-yl)quinoxalin-2(1H)-one (7i)

Yield: 5.7 g (65%); yellow solid.

IR (KBr): 2842, 1665, 1594, 1477, 1282, 1096, 1005, 889, 756 cm™".
'H NMR (400 MHz, DMSO-dg): & = 12.72 (s, 1 H), 9.25 (s, 1 H), 8.87-
8.89 (m, 1 H), 7.96-8.18 (m, 3 H), 7.24-7.56 (m, 8 H), 2.3 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): 8 = 164.1, 161.1, 142.7, 139.4, 135.9,
135.4, 134.8, 131.7, 130.0, 129.1, 128.2, 127.4, 126.3, 125.9, 123.6,
121.6,119.8,115.4,114.5,112.2, 21.3.

MS: m/z (%) = 416.20 [M + 1].

3-Phenyl-4a,5,6,7,8,8a-hexahydroquinoxalin-2-(1H)-one (9a)
Yield: 0.49 g (60%); pale-yellow solid.

IR (KBr): 2832, 1650, 1444, 1285, 1011, 948, 756, 691 cm™".

H NMR (400 MHz, CDCl,): & = 7.8 (dd, J = 6.4 Hz, 2 H), 7.39-7.41 (m,
3 H), 3.21-3.26 (m, 2 H), 2.45 (s, 1 H), 1.82-1.99 (m, 3 H), 1.39-1.45
(m, 5 H).

13C NMR (100 MHz, DMSO-dg): & = 160.7, 157.3, 135.4, 129.8, 128.7,
127.6,62.3,53.3, 31.6, 30.1, 24.7, 23.3.

MS: mfz (%) =229.1 [M +1].

HRMS (ESI): m/z [M + H]* calcd for C;4H;7N,0: 229.1341; found:
229.1340.

3-(p-Tolyl)-4a,5,6,7,8,8a-hexahydroquinoxalin-2-(1H)-one (9b)
Yield: 0.49 g (60%); pale-yellow solid.

H NMR (400 MHz, DMSO-dg): & = 8.5 (s, 1 H, NH), 7.8 (d, J = 8.2 Hz,
2 H), 7.20 (d, J = 8.2 Hz, 2 H), 3.06-3.22 (m, 2 H), 2.35 (s, 3 H), 2.22-
2.26 (m, 1H), 1.92-1.98 (m, 1 H), 1.70-1.88 (m, 2 H), 1.39-1.48 (m,
4 H).

13C NMR (100 MHz, CDCl;): & = 158.3, 140.6, 133.9, 163.6, 128.8,
128.8,63.0, 54.0, 31.8, 31.1, 25.2, 23.7, 21 .4.

MS: mjz (%) = 279.1501 [M + Na].

3-(Naphthalen-1-yl)-4a,5,6,7,8,8a-hexahydroquinoxalin-2-(1H)-
one (9¢)

Yield: 0.55 g (65%); pale-yellow solid.

'H NMR (400 MHz, DMSO-dg): & = 8.63 (s, 1 H, NH), 7.96-7.98 (m,
2H), 7.8 (d, J = 8Hz, 1H), 7.46-7.51 (m, 4H), 3.36-3.37 (m, 2 H),
2.19-2.27 (m, 1 H), 1.98-2.04 (m, 1 H), 1.74-1.79 (m, 2 H), 1.39-1.54
(m, 4 H).

13C NMR (100 MHz, DMSO-dg): & = 163.6, 157.6, 134.5, 132.8, 130.9,
128.9, 128.1, 126.8, 126.2, 125.8, 125.1, 124.9, 62.7, 53.8, 31.5, 30.2,
24.8,23.3.

HRMS (ESI): m/z [M + H]" calcd for C;gH;gN,0: 279.1497; found:
279.1501.

7-Nitro-3-phenylquinoxalin-2-(1H)-one (7ma)
Yield: 0.61 g (64%); yellow solid.
IR (KBr): 2855, 1668, 1520, 1337, 948, 756, 688 cm.

H NMR (400 MHz, DMSO-d): 8 = 12.63 (s, NH), 8.27-8.29 (m, 2 H),
7.50-7.53 (m, 1 H), 7.48-7.49 (m, 3 H), 7.33-7.34 (m, 2 H).

13C NMR (100 MHz, DMSO-d;): & = 154.3, 154.1, 135.3, 134.2, 133.0,
130.7,130.3,129.2,127.8, 125.0, 123.4, 114.3.

MS: m/z (%) =268 [M +1].

3-(4-Chlorophenyl)quinoxalin-2-(1H)-one (7na)
Yield: 0.63 g (68%); yellow solid.
IR (KBr): 2851, 1664, 1480, 1284, 1009, 936, 754, 686 cm™".

TH NMR (400 MHz, DMSO-d): 8 = 12.63 (s, NH), 8.27-8.29 (m, 2 H),
7.83-7.85 (m, 1 H), 7.48-7.53 (m, 3 H), 7.32-7.36 (m, 2 H).

13C NMR (100 MHz, DMSO-dg): 8 = 155.5, 154.3, 135.3, 134.3, 133.0,
130.7,130.4,129.2,127.8,123.5, 114.3.

MS: m/z (%) =257 [M +1].

HRMS (ESI): m/z [M + H]* calcd for C;4,H;oCIN,O: 257.0482; found:
257.0493.

7-Methyl-3-phenylquinoxalin-2-(1H)-one (70a)
Yield: 0.53 g (62%); yellow solid.
IR (KBr): 2852, 1671, 1435, 1287, 1011, 908, 767, 690 cm™".

H NMR (400 MHz, DMSO-d): § = 12.63 (s, NH), 8.28-8.30 (m, 2 H),
7.72(d,J = 6.4 Hz, 1 H), 7.48-7.53 (m, 3 H), 7.23-7.25 (m, 2 H), 2.54 (s,
3 H).

13C NMR (100 MHz, DMSO-d): 8 = 154.5, 154.0, 135.5, 134.4, 131.9,
1302, 130.0, 129.1, 128.6, 127.7, 123.3, 114.9, 20.9.

MS: m/z (%) =237 [M + 1], 259 [M + Na].

2-Chloro-3-phenylquinoxaline (13)

Yield: 0.91 g (85%); yellow solid; mp 127-129 °C.

IR (KBr): 3035, 1667, 1560, 1444, 1339, 1088, 980, 764, 687 cm-.

'H NMR (400 MHz, DMSO-dg): & = 8.18-8.19 (m, 1 H), 8.07-8.12 (m,
1H), 7.90-7.96 (m, 2 H), 7.84-7.86 (m, 2 H), 7.52-7.57 (m, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 152, 145.6, 140.4, 140.3, 136.5,
131.4,130.9, 129.6, 129.6, 128.8, 128.1, 127.7.

MS: mfz (%) =241 [M +1].

HRMS (ESI): mfz [M + HJ* calcd for C;4H;,CIN,: 241.0533; found:
241.0527.

N-(2-(2-Methoxyphenoxy)ethyl)-3-phenylquinoxalin-2-amine
(15)

Yield: 0.67 g (90%); viscous liquid.

'H NMR (400 MHz, CDCl;): 8 = 7.90-7.92 (m, 1 H), 7.73-7.75 (m, 3 H),
7.51-7.55 (m, 5 H), 6.85-6.98 (m, 4 H), 5.81 (s, 1 H, NH), 4.35 (d, J =
7.0 Hz, 2 H), 4.0 (d, ] = 6.8 Hz, 2 H), 3.75 (s, 3 H).

13C NMR (100 MHz, CDCl;): & = 149.9, 149.6, 147.9, 146.8, 141.5,
137.1, 136.7, 129.6, 129.5, 129.2, 128.9, 128.5, 125.9, 124.5, 121.7,
120.6,114.7, 111.9, 67.8, 55.7, 40.5.

MS: m/z (%) =372.20 [M + 1].

HRMS (ESI): m/z [M + HJ" calcd for Cy3H,,N50,: 372.1712; found:
372.1711.

N-Isobutyl-3-phenylquinoxalin-2-amine (17)
Yield: 0.52 g (90%); viscous liquid.
IR (KBr): 3452, 3035, 1667, 1560, 1444, 1339, 1088, 980, 764, 687 cm'.
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H NMR (400 MHz, CDCl,): § = 7.90-7.92 (m, 1 H), 7.72-7.74 (m, 3 H),
7.52-7.58 (m, 4 H), 7.35-7.37 (m, 1 H), 5.13 (s, NH), 3.37-3.39 (t, J =
6.8 Hz, 2 H), 1.93-1.96 (m, 1 H), 0.96 (d, ] = 6.4 Hz, 6 H).

13C NMR (100 MHz, CDCly): & = 180.1, 150.3, 146.7, 141.8, 136.9,
129.6,129.6, 129.3, 128.8, 128.4, 125.9, 124.2, 48.7, 31.9, 20.4.
MS: m/z (%) =2782 [M +1].

HRMS (ESI): mjz [M + HJ]* caled for CigHyN3: 278.1657; found:
278.1645

2-Ethoxy-3-phenylquinoxaline (18)
Yield: 0.47 g (90%); viscous liquid.
IR (KBr): 2852, 1671, 1435, 1287, 1011, 908, 767, 690 cm™".

H NMR (400 MHz, CDCl,): 5 = 8.14-8.16 (m, 2 H), 8.11-8.12 (m, 1 H),
7.83-7.85 (m, 1 H), 7.64-7.67 (m, 1 H), 7.52-756 (m, 4 H), 4.63 (q, ] =
7.7 Hz, 2 H), 1.49 (t, ] = 7.3 Hz, 3 H).

13C NMR (100 MHz, CDCl;): & = 155.5, 146.6, 139.9, 138.8, 136.2,
129.7,129.5,128.9, 128.1, 126.6, 126.5, 62.5, 14.4.

MS: m/z (%) =251 [M+1].

HRMS (ESI): m/z [M + HJ]* calcd for C;gH;5N,0: 251.1184; found:
251.1185.
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