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General experimental details: The chemicals were obtained from Sigma-Aldrich, Alfa Aesar,
or TCl India and used directly without further purification. Common reagents and solvents of
AR grade were obtained from local suppliers. The mechanochemical reactions were carried
out in 2 mL homogenizing tubes made of polypropylene with 1 g of 2 mm SS ball in iRupt Jr,
an indigenous mini-cell homogenizer (Neuation). The reactions were monitored by thin layer
chromatography (TLC) carried out on 0.25 mm silica gel aluminum plates (60F-254) using UV
light (254 or 365 nm) to monitor the progress of the reactions. 'H NMR and 3C NMR spectra
were recorded on a Bruker Avance (500 MHz) NMR instrument with CDCl; as the solvent.
Tetramethylsilane (TMS) was used as an internal standard for *H and '3C NMR spectroscopy.
Chemical shifts are reported in parts per million (6) units. Coupling constants are reported in
hertz (Hz). Standard abbreviations are used for representing the multiplicity of NMR peaks,
such as s (singlet), bs (broad singlet), d (doublet), dd (doublet of doublets), t (triplet), g
(quartet), and m (multiplet). The melting point was measured in the EZ-Melt, Automatic
Melting Point Apparatus (Stanford Research System). Mass spectra were recorded on a single
qguad LC-MS, Agilent using electrospray ionization (ESI) as an ion source.

General procedure for the synthesis of quinoxalines: o-Diaminoarene (1, 0.5 mmol) and 1,2-
dicarbonyl compound (2, 0.5 mmol) was taken in a 2 mL polypropylene tube containing 1 g of
2 mm SS balls. The reaction was set to a speed of 4000 RPM in iRupt Jr instrument and was
homogenized for 1 x 3 min with intermittent mixing (if required). The progress of the reaction
was monitored by TLC. The product was taken out from the tube, the balls were separated
using a magnetic retriever whenever possible, and the solid mass was air-dried to afford the
corresponding quinoxaline derivative (3).

In selective cases, as mentioned in Table 2, the crude product was subjected to flash
chromatography (silica gel, 230-400 mesh) and eluted by 10% EtOAc in petroleum ether to
afford the pure product (3).
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Procedure for scale-up: o-Diaminoarene (2.5 mmol) and 1,2-dicarbonyl (2.5 mmol) were
taken in a 2 mL homogenizing tube containing 1 g of 2 mm SS balls. The reaction was set to a
speed of 4000 RPM in the iRupt Jr instrument and was homogenized for 3 min. The product
was isolated, as mentioned before.

Reaction monitoring by solid-state infrared spectroscopy
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Figure S1. Monitoring of the reaction mixture in solid state by time-scale infrared spectroscopy. The
disappearance of the carbonyl peak at 1662 cm and the gradual increase of the signature peaks at 1346, and
770 cm™ just after 30 sec indicates the formation of 3a.
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Figure S2. Schematic representation of reaction set-up for semi high-throughput synthesis of quinoxalines using

homogenizer.
Table S1: Comparison with solution phase:

NH,

0 Ny -Ph
+ Ph solvent, rt :[
NH, " N” >Ph
2 o)
1a 2a 3a

1 Neat 120 11 69
2 Acetonitrile 120 82 12
3 Ethanol 60 91 --

4 Chloroform 120 68 18
5 Tetrahydrofuran 120 62 24

3ln each case, 0.5 mmol each of 1a and 2a are taken in 2 mL of solvent (other than entry 1)
and the mixture was stirred at room temperature. PAll are isolated yields.
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Table S2: Comparative study of quinoxaline synthesis (selected methods)?

NH, (0] N Ph
+ solvent, rt ~
Ph—=—"—"=>",
NH, " N” >Ph
2 o)
1a 2a 3a

Conventional solution phase

1 CH3CN  rt lodine 3 98 1.6 89 1

2 Ethanol rt CuSO,5H,0 8 96 8.8 97 2

3 DMSO rt lodine 35 95 4.2 97 3

4 Ethanol rt MnCl, 17 94 9 96 4

Green-protocols

5 Water rt Itaconic 60 96 0.2 97 5

acid

6 Solid heating (100 CuO@g- 3 87 0.3 89 6
phase °C) CsN,

7 Water ultrasonication - 0.8 98 0.1¢ 96 7

8 Glycero microwave - 3 93 9.7 82 8
I

9 Neat homogenizer - 3 99 0.01 97.5 Our work

“Unless otherwise noted the comparisons are done taking 3a as the model product. "Water formed as the side
product of the reaction was not considered as waste during the E-factor calculation. € Ninhydrin was used instead
of benzil to calculate the E-factor and eco-scale scores.

Table S3: Mechanochemical methods using diamine and dicarbonyl®

1 Hand ; EtOH 10 min  Recrystalliza- 95 0.16 9
grinding (LAG) tion (EtOH)
2 Hand - SiO, 15 min  Recrystallizati 94 4 10
grinding on (EtOH)
3 Hand nano- - 20 min  Recrystalliza- 98 0.26 11
grinding kaolin/ tion (EtOH)
BFs/
Fes04
4 Hand Acetic - 10 min  Recrystalliza-  92¢ 0.34 12
grinding acid tion (acetone)
5 Hand - Al,O3 10 min  Chromato- 98 1.96 13
grinding graphy
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6 Planetary
ball mill

7 Mixer mill

8 Homoge-
nizer

La(DS)3

TCCA,
p-TSA,
K,CO3

NaCl

600
RPM,
30 min
20 Hz,
10 h

4000
RPM,
3 min

Chromato- 99 2.1 14
graphy

Chromato- 78 1.8 15
graphy

no work-up, 99 0.01 Our
no work
purification

“Unless otherwise noted the comparisons are done taking 3a as the model product. "Water formed as the side
product of the reaction was not considered as waste during the E-factor calculation. € Ninhydrin was used instead
of benzil to calculate the E-factor. “The calculations are done using 4-bromoacetophenone and OPD as the

reactants.

For a typical E-factor calculation:

%Yield

WHt. of generated waste (mg)

Wst. of end product (mg)

99 Calculated for 3a

3
279

E-factor = Wt. of generated waste/Wt. of end product  0.01

For a typical Ecoscale score calculation:

%Yield = (100-%Yield)/2

Price of the reaction component

Technical setup

Temperature/Time

Workup and purification

Sum of penalty points

0.5

0

0

2.5

Eco-scale score (100-Sum of penalty) 97.5

Calculated for 3a
Inexpensive (<10USS)

Unconventional activation
technique (Homogenizer)

Room temperature reaction/<1 h

None



Spectral characterization

N _Ph 2,3-Diphenylquinoxaline (3a):° White solid, 140 mg (99%) m.p.: 124-125

[ I “I °C (Lit. m.p.: 126-127 °C); 'H NMR (500 MHz, CDCls): & (ppm) 7.30-7.34
h  (m, 6H), 7.49-7.51 (m, 4H), 7.74-7.76 (m, 2H), 8.15-8.17 (m, 2H); 13C {1H}

NMR (125 MHz, CDCls): & (ppm) 128.3, 128.8, 129.2, 129.8, 130.0,

,@[ I Ph139.1,141.2, 153.5. ESI-MS: m/z 283 [M + HJ".

6-Methyl-2,3-diphenylquinoxaline (3b):° Light brown solid; 147 mg
(99%), m.p.: 114-116 °C (Lit. m.p.: 118-119 °C); 'H NMR (500 MHz, CDCl5): & (ppm) 2.59 (s,
3H), 7.28-7.34 (m, 6H), 7.49 (d, J = 6.8 Hz, 4H), 7.58 (dd, J; = 1.9 Hz, J, = 8.5 Hz, 1H), 7.93 (s,
1H), 8.04 (d, J = 8.5 Hz, 1H); 13C {tH} NMR (125 MHz, CDCl5): & (ppm) 21.9, 128.0, 128.2, 128.6,
128.7, 129.8, 129.9, 132.3, 139.2, 139.7, 140.5, 141.3, 152.6,
o 153.3; ESI-MS: m/z 297 [M + H]*.
N\\ Ph
T

N PN 5 7 Dimethyl-2,3-diphenylquinoxaline (3¢):® Off-white solid, 153
mg (99%), m.p.: 94-96 °C (Lit. m.p.: 94-96 °C); 'H NMR (500 MHz,
CDCls): & (ppm) 2.54 (s, 3H), 2.79 (s, 3H), 7.29-7.32 (m, 6H), 7.42 (s, 1H), 7.48-7.54 (m, 4H),

7.75 (s, 1H); 13C {1H} NMR (125 MHz, CDCl3): & (ppm) 17.0, 21.9, 125.7, 128.0, 128.2, 128.5,
128.6,129.8, 130.1, 132.2, 137.0, 138.9, 139.5, 139.6, 140.1, 141.3, 150.9, 152.7; ESI-MS: m/z

311 [M + H]*.

@: 6-Chloro-2,3-diphenylquinoxaline (3d):® White solid, 157 mg (99%),
O m.p.: 119-121 °C (Lit. m.p.: 124-125 °C); 'H NMR (500 MHz, CDCl5): &

U 3T (ppm) 7.30-7.36 (m, 6H), 7.48 (d, J =7.4 Hz, 4H), 7.69 (d, J = 8.8 Hz,
Z~p 1H), 8.08 (d, J = 8.9 Hz, 1H), 8.15 (s, 1H); 13C {{H} NMR (125 MHz,

3a CDCl3): & (ppm) 128.1, 128.3, 129.0, 129.1, 129.81, 129.85, 130.4, 130.9,
135.6, 138.6, 138.7, 139.7, 141.5, 153.6, 154.3; ESI-MS: m/z 317 [M + H]*.

N 6-Benzoyl-2,3-diphenylquinoxaline (3e):1° White solid, 183 mg (95%),

/@: ‘I m.p.: 149-151 °C (Lit. m.p.: 147-148 °C); 'H NMR (500 MHz, CDCl3): &
Me N© “pp (PPM) 7.30-7.39 (m, 6H), 7.49-7.54 (m, 6H), 7.61 (t, J = 7.5 Hz, 1H), 7.89
(d, J = 7.3 Hz, 2H), 8.23-8.28 (m, 2H), 8.52 (s, 1H); 13C {H} NMR (125

MHz, CDCl5): 6 (ppm) 128.4, 128.5, 129.1, 129.3, 129.7, 129.8, 129.9, 129.92, 130.1, 132.4,

132.8, 137.2, 138.3, 138.61, 138.64, 140.2, 143.0, 154.6, 155.1, 195.8; ESI-MS: m/z 387 [M +
H]*.

2,3-Di-p-tolylquinoxaline (3f):> White solid, 153 mg (99%), m.p.: 146-147 °C (Lit. m.p.: 146-
147 °C); H NMR (500 MHz, CDCls): & (ppm) 2.35 (s, 6H), 7.13 (d, J = 7.8 Hz, 4H), 7.41 (d, J =

S7



8.1 Hz, 4H), 7.72 (dd, J; = 3.5 Hz, J, = 6.5 Hz, 2H), 8.13 (dd, J; = 3.5 Hz, J, = 6.5 Hz, 2H); 13C {IH}
NMR (125 MHz, CDCl5): & (ppm) 21.3, 129.0, 129.1, 129.6, 129.7, 136.3, 138.7, 141.1, 153.5;
ESI-MS: m/z 311 [M + H]*.

2,3-Dimethylquinoxaline (3g):° Light brown solid, 78 mg (99%), m.p.: 92-94 °C (Lit. m.p.: 105-
106 °C); 'H NMR (500 MHz, CDCls): & (ppm) 2.70 (s, 6H), 7.63 (dd, J; = 3.4 Hz, J, = 6.4 Hz, 2H),
7.95 (dd, J; = 3.6 Hz, J, = 6.4 Hz, 2H); 13C {{H} NMR (125 MHz, CDCl5): & (ppm) 23.1, 128.2,

N 128.9, 140.9, 153.4; ESI-MS: m/z 159 [M + H]*.
N
X
Cl N
2,3,5-Trimethylquinoxaline (3h):° Brown solid, 85 mg (99%), m.p.: 90-92
°C (Lit. m.p.: 90-91 °C); H NMR (500 MHz, CDCl5): & (ppm) 2.51 (s, 3H), 2.66 (s, 6H), 7.44 (dd,

J;=2.0Hz,J,=8.6 Hz, 1H), 7.70 (s, 1H), 7.82 (d, J = 8.5 Hz, 1H); 13C {'H} NMR (125 MHz, CDCI3):
& (ppm) 21.7, 23.0, 23.1, 127.2, 127.8, 131.0, 139.1, 139.4, 141.1, 152.4, 153.3; ESI-MS: m/z

N 173 [M + H]".
O,N N

hﬂ: 2,3,5,7-Tetramethylquinoxaline (3i):° White solid, 92 mg (99%), m.p.:
/Ji 68-69 °C (Lit. m.p.: 68-69 °C); 'H NMR (500 MHz, CDCl5): & (ppm) 2.48 (s,
3H), 2.69 (s, 5H), 2.71 (s, 3H), 7.32 (s, 1H), 7.64 (s, 1H); 13C {tH} NMR (125

MHz, CDCls): & (ppm) 17.0, 21.7, 22.4, 23.1, 124.2, 131.5, 136.2, 139.0,
139.4, 151.4, 151.9; ESI-MS: m/z 187 [M + H]*.

“ :[i 6-Chloro-2,3-dimethylquinoxaline (3j):° Brown solid, 95 mg (99%),

m.p.: 84-86 °C (Lit. m.p. : 84-86 °C); 'H NMR (500 MHz, CDCl5): &
(ppm) 2.69 (s, 6H), 7.57 (dd, J; = 2.3 Hz, J, = 8.9 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.94 (d, J = 2.4
Hz, 1H); 3C {tH} NMR (125 MHz, CDCls): 6 (ppm) 23.1, 23.2, 127.3, 129.5, 129.8, 134.4, 139.5,
141.4, 153.7, 154.5; ESI-MS: m/z 193 [M + H]*.

O\/NI 2,3-Dimethyl-6-nitroquinoxaline (3k):® Brown solid, 100 mg (99%), m.p.:

3g 134-135 °C (Lit. m.p: 135-136 °C); 'H NMR (500 MHz, CDCl3): & (ppm) 2.76

(s, 6H), 8.06 (dd, J; = 2.8 Hz, J,= 9.1 Hz, 1H), 8.38 (dt, J; = 3.0 Hz, J, = 9.1 Hz,

1H), 8.84 (s, 1H); 3C {{H} NMR (125 MHz, CDCls): & (ppm) 23.3, 23.5, 122.3, 124.8, 129.9,
139.9, 143.7, 147.1, 156.3, 157.2; ESI-MS: m/z 204 [M + H]*.

/CE I 6-Benzoyl-2,3-Dimethyl-quinoxaline (3l):'® Yellow solid, 126 mg (96%)

m.p.: 122-124 °C (Lit. m.p.: 107-110 °C); 'H NMR (500 MHz, CDCl3): &
(ppm) 2.70 (s, 3H), 2.73 (s, 3H), 7.46 (t, J = 7.6 Hz, 2H), 7.57 (t, J = 7.5 Hz, 1H), 7.82 (d, J = 7.9
Hz, 2H), 8.04 (d, J = 8.7 Hz, 1H), 8.11 (dd, J; = 1.8 Hz, J, = 8.7 Hz, 1H), 8.31 (s, 1H); 13C {H} NMR
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(125 MHz, CDCl3): 6 (ppm) 23.2, 23.4, 128.4, 128.8, 128.9, 130.0, 131.7, 132.7, 137.2, 137.3,
140.0, 142.9, 154.8, 155.7, 195.9. ESI-MS: m/z 263 [M + H]*.

1,2,3,4-Tetrahydrophenazine (3m):> Brown solid, 98 mg (98%), m.p.: 87-88 °C (Lit. m.p.: 90
°C) H NMR (500 MHz, CDCls): & (ppm) 1.95 (s, 4H), 3.07 (s, 4H), 7.55-7.58 (m, 2H), 7.86-7.90
(m, 2H); 13C {tH} NMR (125 MHz, CDCl5): & (ppm) 22.6, 33.02, 33.04, 118.2, 128.1, 128.2, 128.7,
128.8, 141.02, 141.03, 153.9, 154.0. ESI-MS: m/z 185 [M + H]*.

7-Methyl-1,2,3,4-tetrahydrophenazine (3n):> Yellow solid, 95 mg
AN (96%), m.p.: 88-90 °C (Lit. m.p.: 92 °C); *H NMR (500 MHz, CDCls): &
CI/©i — (ppm) 1.97 (s, 4H), 2.50 (s, 3H), 3.08 (s, 4H), 7.43 (d, J = 8.5 Hz, 1H), 7.68
(s, 1H), 7.79 (d, J = 8.5 Hz, 1H); 13C {'H} NMR (125 MHz, CDCl5): & (ppm)
21.7,22.81,22.83,33.0,33.1,127.1,127.7,131.2, 139.2, 139.6, 141.2,

153.0, 153.9. ESI-MS: m/z 199 [M + H]*.

N 7-Nitro-1,2,3,4-tetrahydrophenazine (30):> Light brown solid, 106
@@: D mg (93%), m.p.: 103-105 °C (Lit. m.p.: 101 °C); 'H NMR (500 MHz,
NG N” CDCl3): 6 (ppm) 2.04 (t, J= 3.6 Hz, 4H), 3.17 (t, /= 3.0 Hz, 4H), 8.04 (d,

3q 30 J=9.1Hz, 1H), 8.38 (dd, J;= 2.7 Hz, J,= 9.1 Hz, 1H), 8.82 (d, J = 2.6 Hz,

1H); 13C {IH} NMR (125 MHz, CDCls): & (ppm) 22.4, 33.2, 33.5, 122.3, 124.9,
129.9, 139.9, 143.7, 147.1, 157.0, 158.0; ESI-MS: m/z 230 [M + H]".

N"\
/C[N/] 7-Chloro-1,2,3,4-tetrahydrophenazine (3p):> Yellow solid, 102 mg (94%),
3r m.p.: 91-93 °C (Lit. m.p.: 94 °C); 'H NMR (500 MHz, CDCl5): & (ppm) 2.00 (t, J =
3.6 Hz, 4H), 3.10-3.12 (m, 4H), 7.56 (d, J = 8.8 Hz, 1H), 7.86 (d, J = 8.8 Hz, 1H),
7.92 (s, 1H); 13C {tH} NMR (125 MHz, CDCl5): 6 (ppm) 22.6, 22.7, 33.1, 33.2, 127.3,129.6, 129.9,
134.5,139.7, 141.4, 154.4, 155.2; ESI-MS: m/z 219 [M + H]*.

L0

—

N Quinoxaline (3q):° Light yellow liquid, 60 mg (92%); *H NMR (500 MHz,
3m

CDCl3): & (ppm) 7.69 (dd, J; = 3.5 Hz, J,= 6.5 Hz, 2H), 8.03 (dd, J; = 3.6 Hz, J,
= 6.5 Hz, 2H), 8.76 (s, 2H); 13C {{H} NMR (125 MHz, CDCl3): & (ppm) 129.3, 129.9, 142.8, 144.8;
ESI-MS: m/z 131 [M + H]*.

N
/@f /]O 6-Methylquinoxaline (3r):° Colourless liquid, 68 mg (95%); 'H NMR (500
N MHz, CDCl3): & (ppm) 2.55 (s, 3H), 7.56 (d, J = 8.6 Hz, 1H), 7.82 (s, 1H),
3n 7.95 (d, J = 8.6 Hz, 1H), 8.74 (d, J = 11.9 Hz, 2H); 13C {{H} NMR (125 MHz,

CDCl3): & (ppm) 21.8, 128.2, 128.9, 132.4, 140.6, 141.5, 143.0, 144.0, 144.8; ESI-MS: m/z 145
[M + H]*.
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6-Chloroquinoxaline (3s):° Off-white solid, 77 mg (94%), m.p.: 63-65 °C (Lit. m.p.: 62-64 °C);
1H NMR (500 MHz, CDCls): & (ppm) 7.68 (dd, J; = 2.4 Hz, J,= 11.3 Hz, 1H), 8.01 (d, J = 8.9 Hz,
1H), 8.07 (d, J = 2.4 Hz, 1H), 8.81 (dd, J; = 1.9 Hz, J, = 6.8 Hz, 2H); 13C {1H} NMR (125 MHz,
CDCly): & (ppm) 128.4, 130.7, 131.1, 135.9, 141.5, 143.2, 145.0, 145.7; ESI-MS: m/z 165 [M +
H]*.

6-Nitroquinoxaline (3t):° Light yellow solid, 86 mg (98%), m.p.: 158-

N 160 °C (Lit. m.p.: 158-160 °C); *H NMR (500 MHz, CDCl5): 6 (ppm) 8.25

O 4 @ (d, J = 9.2 Hz, 1H), 8.52 (dd, J; = 2.5 Hz, J, = 9.2 Hz, 1H), 8.91-9.07 (m,
‘N 3H); 13C {*H} NMR (125 MHz, CDCl,): & (ppm) 123.5, 126.0, 131.4, 141.9,

v 145.3, 147.0, 147.7; ESI-MS: m/z 176 [M + H]*.

o} 6-Benzoylquinoxaline (3u):'’ Light Brown solid, 106 mg (91%), m.p:

N 116-118 °C (Lit. m.p. 117 °C ); 'H NMR (500 MHz,

O O /] N CDCl3): & (ppm) 7.49 (t, J = 7.8 Hz, 2H), 7.60 (t, J = 7.5
N[ b Hz, 1H), 7.84 (d, J = 7.9 Hz, 2H), 8.20 (t, J = 10.8 Hz,

3u / N 2H), 8.44 (s, 1H), 8.90 (dd, J; = 2.0 Hz, J, = 6.2 Hz,

2H); 1BC  {H} 3w NMR (125 MHz, CDCl3): & (ppm) 128.5, 129.9, 130.0,
130.1,  132.5, 133.0, 136.9, 138.5, 142.1, 144.6, 146.0, 146.6,

195.5; ESI-MS: m/z 235 [M + H]*.

Acenaphtho[1,2-b]quinoxaline (3v):° Light yellow solid, 125 mg (99%), m.p.: 244-246 °C (Lit.
m.p.: 243-245 °C); 'H NMR (500 MHz, CDCl): & (ppm) 7.70-7.72 (m, 2H), 7.76-7.80 (m, 2H),
8.04 (dd, J; = 2.4 Hz, J, = 8.2 Hz, 2H), 8.15-8.18 (m, 2H), 8.37 (d, J = 7.1 Hz, 2H); 13C {{H} NMR
(125 MHz, CDCl3): & (ppm) 121.8, 128.6, 129.2, 129.4,129.5, 130.0, 131.7, 136.4, 141.2, 154.0;
ESI-MS: m/z 255 [M + H]*.

5-Methylacenaphtho[1,2-b]quinoxaline (3w):° Light yellow solid, 132 mg
(99%), m.p.: 282-284 °C (Lit. m.p.: 282-284 °C); *H NMR (500 MHz, CDCl,):
6 (ppm) 2.93 (s, 3H), 7.57-7.64 (m, 2H), 7.82 (t, J = 8.4 Hz, 2H), 8.03 (d, J = 8.2 Hz, 1H), 8.08
(dd, J; = 3.1 Hz, J, = 8.4 Hz, 2H), 8.42 (t, J = 6.1 Hz, 2H); 13C {{H} NMR (125 MHz, CDCl3): & (ppm)
17.5, 121.7, 127.4, 128.60, 128.63, 128.8, 129.2, 129,3, 129.5, 130.0, 132.1, 132.4, 136.4,

N 138.0,140.4, 141.3, 153.0, 153.6. ; ESI-MS: m/z 269 [M + H]*.
sy
ID®
O5N N
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6-Methylacenaphtho[1,2-b]quinoxaline (3x):° Light yellow solid, 132 mg (99%), m.p.: 233-
235 °C (Lit. m.p.: 233-235 °C); 'H NMR (500 MHz, CDCl5): 6 (ppm) 2.57 (s,
3H), 7.51 (d, J = 8.4 Hz, 1H), 7.75 (t, J = 7.6 Hz, 2H), 7.91 (s, 1H), 7.99-8.03
(m, 3H), 8.31 (t, J = 6.5 Hz, 2H); 3C {*H} NMR (125 MHz, CDCl3): & (ppm)
21.7, 121.5, 121.7, 128.5, 128.6, 128.7, 129.0, 129.1, 129.3, 129.9, 131.3,
131.9, 132.0, 136.2, 139.5, 139.6, 141.2, 153.3, 154.0; ESI-MS: m/z 269 [M
+ HJ*.

6-Chloroacenaphtho[1,2-b]quinoxaline (3y):° Dark brown solid, 142mg
(99%) m.p.: 240-242 °C (Lit. m.p.: 240-242 °C); *H NMR (500 MHz, CDCl):
& (ppm) 7.61 (d, J = 8.8 Hz, 1H), 7.75-7.78 (m, 2H), 8.02-8.04 (m, 3H),
8.09 (s, 1H), 8.29-8.32 (m, 2H); 13C {*H} NMR (125 MHz, CDCl5): & (ppm)
122.0, 122.2, 128.5, 128.6, 129.6, 129.81, 129.88, 129.9, 130.5, 131.3,
131.3, 134.7, 136.5, 139.6, 141.5, 154.0, 154.6; ESI-MS: m/z 289 [M +

H]*
@]
Phenanthro[9,10-b]quinoxaline (3z):° Yellow solid, 138 mg (99%), m.p.:
=N 226-227 °C (Lit. m.p.: 225-226 °C); 'H NMR (500 MHz, CDCl3): & (ppm)
\N‘Q 7.68-7.76 (m, 4H), 7.80-7.82 (m, 2H), 8.27 (dd, J; = 3.5 Hz, J,= 6.4 Hz, 2H),
3ab 8.49 (d, J = 7.9 Hz, 2H), 9.34 (d, J = 6.3 Hz, 2H); 13C {{H} NMR (125 MHz,

CDCls): 6 (ppm) 122.8, 126.2, 127.9, 129.4, 129.7, 130.2, 130.3, 132.0,
142.1, 142.4; ESI-MS: m/z 281 [M + H]*.

5-Methylphenanthro[9,10-b]quinoxaline (3aa):® Brown solid, 145

N@* mg (99%), m.p.: 222-224 °C (Lit. mp.: 222-224 °C); *H NMR (500
O N MHz, CDCls): & (ppm) 2.98 (s, 3H), 7.61-7.75 (m, 6H), 8.10 (d, J = 8.4
O 3 Hz, 1H), 8.48-8.50 (m, 2H), 9.32-9.36 (m, 2H); 13C {1H} NMR (125
MHz, CDCl3): 6 (ppm) 17.4, 122.83, 122.85, 126.1, 127.2, 127.7,

127.8, 129.3, 129.6, 130.0, 130.1, 130.3, 130.6, 131.9, 137.7, 141.0, 141.3, 141.8, 142.2; ESI-
MS: m/z 295 [M + H]*.

11H-Indeno[1,2- N@‘ b]quinoxalin-11-one (3ab):” Yellow solid, 115
Cl

mg (99%), m.p.: % 216-218 °C (Lit. m.p.: 217-218 °C ); 'H NMR
(500 MHz, CDCl3): & ‘N (ppm) 7.55 (t, J = 7.4 Hz, 1H), 7.71 (q, J = 7.8
Hz, 2H), 7.77 (t, J = O 3y 7.8 Hz, 1H), 7.87 (d, J = 7.6 Hz, 1H), 8.05,(t, J =
7.6 Hz, 2H), 8.18 (d, J=8.2 Hz, 1H); 13C {1H} NMR (125 MHz, CDCl,):

6 (ppm) 122.5, 124.7, 129.6, 130.2, 131.5, 132.4, 132.5, 136.6, 136.8, 141.5, 142.6, 143.0,
149.2, 156.5, 189.8; ESI-MS: m/z 233 [M + H]*.
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6-Methyl-11H-indeno[1,2-b]quinoxalin-11-one (3ac):!® Yellow solid, 122 mg (99%), m.p.:
224-225 °C (Lit. m.p: 227-229 °C ); 'H NMR (500 MHz, CDCl5): & (ppm) 2.77 (s, 3H), 7.50-7.59
(m, 3H), 7.69 (t, J = 7.3 Hz, 1H), 7.84 (d, J = 7.5 Hz, 1H), 7.99-8.03 (m, 2H); 13C {H} NMR (125
MHz, CDCl3): 6 (ppm) 17.3, 122.3, 124.5, 129.3, 129.8, 132.1, 132.7, 136.5, 136.6, 138.3,
141.8, 142.1, 142.7, 148.7, 155.4, 190.3; ESI-MS: m/z 247 [M + H]*.
»®
N~ N7 2,3-di(pyridin-2-yl)quinoxaline (3ad):'° Brown solid, 141 mg (99%), m.p.: 185-187
3af °C (Lit. m.p.: 188-191 °C); 'H NMR (500 MHz, CDCl3): 6 (ppm) 7.18-7.20 (m, 2H),
7.75-7.78 (m, 4H), 7.92 (d, J = 7.8 Hz, 2H), 8.18-8.20 (m, 2H), 8.34 (d, J = 4.5 Hz, 2H); 13C {H}
NMR (125 MHz, CDCl3): 6 (ppm) 122.9, 124.1, 129.2, 130.4, 136.5, 141.0, 148.4, 152.2, 157.2;
ESI-MS: m/z 285 [M + H]*.
N~ N7 “Ph 2,3-Dimethylpyrido[2,3-b]pyrazine (3ae):° Light brown solid, 79 mg (99%),
3ag m.p.: 133-135 °C (Lit. m.p.: 133-135 °C); *H NMR (500 MHz, CDCls): 6 (ppm)
2.70 (s, 3H), 2.74 (s, 3H), 7.54-7.56 (m, 1H), 8.26 (dd, J; = 1.9 Hz, J,= 8.4 Hz,

1H), 8.97 (d, J = 2.5 Hz, 1H); 13C {{H} NMR (125 MHz, CDCl3): & (ppm) 23.0, 23.4, 124.3, 135.8,
137.3, 150.1, 152.5, 155.0, 157.3; ESI-MS: m/z 160 [M + H]*.

137 °C (Lit. m.p.: 133-135 °C); H NMR (500 MHz, CDCl): & (ppm) 7.71-
7.74 (m, 1H), 8.46 (dd, J; = 1.9 Hz, J,= 8.3 Hz, 1H), 8.93 (s, 1H), 9.06 (s,
1H), 9.17 (dd, J; = 1.9 Hz, J,= 4.2 Hz, 1H); 13C {{H} NMR (125 MHz, CDCl5):
& (ppm) 125.5, 138.4, 138.6, 146.1, 147.8, 151.4, 154.3; ESI-MS: m/z 132 [M + H]*.

0

Br\(\IN\ Ph Pyrido[2,3-b]pyrazine (3af):° Light brown solid, 60 mg (91%), m.p.: 135-
PP
N N Ph

3ah

( =N 2,3-diphenylpyrido[2,3-b]pyrazine (3ag):1° Yellow solid, 140 mg (99%),
N m.p.: 141-143 °C (Lit. m.p.: 144-145 °C); 'H NMR (500 MHz, CDCl3): &
3ac (ppm) 7.18-7.29 (m, 6H), 7.44 (d, J = 7.4 Hz, 2H), 7.53 (d, J = 7.6 Hz, 2H),
7.57-7.58 (m, 1H), 8.39 (d, J = 8.7 Hz, 1H), 9.04-9.05 (m, 1H); 13C {H} NMR

(125 MHz, CDCls): 6 (ppm) 125.0,127.9, 128.2,129.1, 129.2, 129.6, 130.0, 135.9, 137.8, 137.9,

138.3, 149.6, 153.9, 154.5, 156.0; ESI-MS: m/z 284 [M + H]*.

Bromo-2,3-diphenylpyrido[2,3-b]pyrazine (3ah):® White solid, 179 mg
(99%), m.p.: 148-150 °C (Lit. m.p.: 148-150 °C); H NMR (500 MHz,
3ad N~~~ CDCls): & (ppm) 7.28-7.39 (m, 6H), 7.50 (d, J = 6.8 Hz, 2H), 7.58 (d, J= 7.0

Hz, 2H), 8.63 (d, J = 2.4 Hz, 1H), 9.11 (d, J = 2.4 Hz, 1H); 13C {*H} NMR (125

MHz, CDCls): & (ppm) 120.9, 128.2, 128.4, 129.6, 129.7, 129.8, 130.2, 136.4, 137.7, 138.0,

139.4, 148.2, N N\ 155.1, 155.4, 156.5; ESI-MS: m/z 364 [M + H]* (for 7°Br), 366
Crr
N N
3ae

[M + H]* (for 81Br).
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Br | SN Bromo-2,3-dimethylpyrido[2,3-b]pyrazine (3ai):® Brown solid, 117 mg

NPNNE (99%), m.p.: 120-122 °C (Lit. m.p.: 120-122 °C ); 'H NMR (500 MHz, CDCls):
3ak & (ppm) 2.72 (s, 3H), 2.74 (s, 3H), 8.44 (d, J = 2.6 Hz, 1H), 8.99 (d, J = 2.6 Hz,
1H); 13C {{H} NMR (125 MHz, CDCl5): & (ppm) 23.0, 23.5, 119.8, 136.2, 138.8,
148.6, 153.6, 156.1, 157.6; ESI-MS: m/z 238 [M + H]* (for 7°Br), 240 [M + H]* (for &'Br).

Br 3-Bromo-6,7,8,9-tetrahydropyrido[2,3-b]quinoxaline (3aj): Yellow solid,
3 126 mg (96%), m.p.: 126-128 °C; 'H NMR (500 MHz, CDCl;): 6 (ppm) 2.01-
N 2.04(m, 4H), 3.13-3.21 (m, 4H), 8.44 (s, 1H), 9.01 (s, 1H); 3C {H} NMR (125
« N MHz CDCl): § (ppm) 22.3, 22.5, 33.1, 33.5, 119.9, 136.4, 138.7, 148.5,
O‘ 153.9, 156.8, 158.3; ESI-MS: m/z 264 [M + H]* (for 7°Br), 266 [M + H]* (for

‘ 81Br).
3al

7-Bromopyrido[2,3-b]pyrazine (3ak):® Off-white solid, 101 mg (97%),
m.p.: 158-160 °C (Lit. m.p.: 158-160 °C); 'H NMR (500 MHz, CDCls): &
(ppm) 8.62 (d, J = 2.5 Hz, 1H), 8.91 (s, 1H), 9.05 (s, 1H), 9.15 (d, J = 2.5
Hz, 1H); 13C {*H} NMR (125 MHz, CDCl3): & (ppm) 121.4, 138.6, 139.9,
146.8, 147.9, 149.7, 155.5; ESI-MS: m/z 210 [M + H]* (for 7°Br), 212 [M +
H]* (for &1Br).

12-Bromodibenzolf,h]pyrido[2,3-b]quinoxaline (3al):?° Yellow solid, 178 mg (94%), m.p.:
216-216 °C ; 'H NMR (500 MHz, CDCls): & (ppm) 7.60-7.77 (m, 4H), 8.42 (d, J = 8.1 Hz, 2H),
8.67 (s, 1H), 9.08 (d, J = 7.9 Hz, 1H), 9.18 (s, 1H), 9.33 (d, J = 8.0 Hz, 1H); 13C {H} NMR (125
Br N N\ MHz, CDCl;): & (ppm) 120.5, 122.8, 122.9, 126.5, 127.3, 128.1, 128.2,
U I 129.1, 129.3, 131.2, 131.3, 132.4, 1325, 137.3, 139.4, 143.9,
N~ N 144.6, 148.0, 155.3; ESI-MS: m/z 347 [M + H]* (for 7°Br), 349 [M + H]* (for

3ai 81Br).

Br\(\IN\ 2,3-Di(pyridin-2-yl)pyrido[2,3-b]pyrazine (3am):'° Brown solid, 134 mg

| N7 NI) (94%), m.p.: 267-269 °C; H NMR (500 MHz, CDCls): & (ppm) 7.25-7.29

3ai (m, 2H), 7.77-7.80 (m, 1H), 7.84-7.92 (m, 2H), 7.99 (d, J = 7.8 Hz, 1H),

8.28 (d, J = 4.5 Hz, 1H), 8.33 (d, J = 7.8 Hz, 1H), 8.40 (d, J = 4.8 Hz, 1H),

8.59 (dd, J; = 1.9 Hz, J, = 8.3 Hz, 1H), 9.23-9.24 (m, 1H); 13C {{H} NMR (125 MHz, CDCls): &

(ppm) 123.2,123.5,124.1,124.7,125.7,136.2,136.7,136.9, 138.3, 148.1, 148.6, 149.6, 153.9,
154.6, 155.2, 156.4, 157.0; ESI-MS: m/z 286 [M + H]*.
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5,6-Dimethylpyrazine-2,3-dicarbonitrile (3an):?! Gray solid, 78 mg (99%), m.p.: 168-170 °C;
1H NMR (500 MHz, CDCl5): & (ppm) 2.68 (s, 6H); 3C {tH} NMR (125 MHz, CDCls): & (ppm) 22.6,
113.1, 130.3, 157.8; ESI-MS: m/z 159 [M + H]*.

NC N
-
XTI
NC N
Pyrazine-2,3-dicarbonitrile (3a0):>?> White solid, 62 mg (95%), m.p.: 132-134
°C (Lit. m.p.: 133-134 °C); 'H NMR (500 MHz, CDCl3): & (ppm) 8.92 (s, 2H); 13C {tH} NMR (125
MHz, CDCl3): & (ppm) 112.6, 134.0, 147.1; ESI-MS: m/z 131 [M + H]".

N"‘-_
(L

N

3ar

5,6-Diphenylpyrazine-2,3-dicarbonitrile (3ap):'° Brown solid, 134 mg (95%), m.p.:

210-212 °C (Lit. m.p.: 209-210 °C); 'H NMR (500 MHz, CDCls): & (ppm) 7.35 (t, J = 7.6 Hz, 4H),
7.44 (t,J = 7.4 Hz, 2H), 7.51 (d, J = 7.7 Hz, 4H); 13C {*H} NMR (125 MHz, CDCl3): & (ppm) 113.1,
128.8,129.8,131.1, 135.2, 155.4; ESI-MS: m/z 283 [M + H]*.

5,6,7,8-Tetrahydroquinoxaline-2,3-dicarbonitrile (3aq):>> White solid, 91 mg (99%), m.p.:
140-142 °C (Lit. m.p.: 138-139 °C); 'H NMR (500 MHz, CDCl3): & (ppm) 1.96-1.99 (m, 4H), 3.05-
3.08 (m, 4H); 3C {*H} NMR (125 MHz, CDCl3): 6 (ppm) 21.5, 32.2, 113.1, 130.1, 158.6. ESI-MS:
m/z 185 [M + H]*.

5,6-Dimethyl-2,3-dihydropyrazine (3ar):2* Liquid, 100 mg (91%); *H NMR (500 MHz, CDCl3): 6
(ppm) 2.09 (s, 6H), 3.30 (s, 4H); 13C {TH} NMR (125 MHz, CDCls): & (ppm) 23.1, 44.7, 159.3. ESI-

CHy MS: m/z 111 [M + HJ*.
I I *
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1H NMR and 3C NMR of quinoxalines

£510'0-—

B6ET'L:
PPOE" L
SLTE'L
Ozee L
PLEE'L
TOPE'L
bb6b'L
Z86b°L:
Z86¥°L
660" L
ST1S'L
€C15°L

099L'L:

ELLT'S

E9L L
TESL'L
€65L'L:

LIST'S
SPOT'8:
POLT'8:

Boo9
Bpge
00T

F06'T

1.0

1.5

3.0

4.0

6.0
f1 (ppm)

8.0

T T T T
11.5 110 105 100 95 90 85

T
12.0

L5

S17



amum.ﬂh
onoo.snw
89TELL:

mmﬂ.wmq
mo.&.wn- W
S9T'6TT

chﬁ.omn\
ZZ00°0ET

PEE0'GET—
BESTTHT—

LLOS'EST—

Ph
Ph

7

3a

f1 (ppm)

Figure S3: *H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3a.

XT00-—

0965'T—

TOKZ'L:
€88T'L
0Z6T'L

T L
88KEL;
8Z8KL
S96b°L
¥ILS'L
PIUSL:

SE65'L:
POEG'LN_
S6E0'8:

sec0a 7

Me

=80

F-96'S
FE8€
=001

=060
*56'0

7.0

75

85 8.0

9.0

11.0 105 100 95

120 115

60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

6.5

S18



686’ TC—

T618'9L:
TELOLL:
YECE'LL

SOKO"8ZT
0452821
T099°82T

THIL'EEY
8283'621
128621 W
BOVE'ZET
£8EZ'6ET
ObEL'6ET W
65ES"0FT \
PSTETHT

9509°Z5T~
TSEEST-"

Me

T T T T T T T T T T T T
210 200 19 180 170 160 150 140 130 120 110 100

T
220

f1 (ppm)

Figure S4: *H (500 MHz, CDCl5) and 3C (125 MHz, CDCl;) NMR spectra of compound 3b.

PE0'0-—

bObS'T—
6%LT—

; JL._]L

50t
Froe

g6
Whma

£6'€
=80

11.5

12.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

9.0

10.0 95

10.5

11.0

S19



PEOLT—
9BE'TT—

$BLIL:

:.mh.nn\\

SLLLSET
SPLOBET
TEX'SET
S81S'8ET
TTBS'8ET
88T86CT
EEET'QET
OETT'TET~,
CIO0LET
BLHG'8ET ./.
PLOSGET
6ELS6ET
ZSOT"0pT
POCETHT
6816°05T~
6TZL'TST—

220

200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

210

Figure S5: *H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3c.

£8100-—

96ET'L
6POE'L
68IE'L
BEEE'L
ELVE'L
6T9E"L:
pZ8Y'L:
Mhmv.hv
T€89°L:
wo.uz_..nw
68£0°8:
noma.mw
c9ST'8

Cl

Eges
*8LE
260

= E6'0
180

115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

120

S20



TS6L'9L:
T660'LL
EO0E"LL:

POE0"ETT
BTSE'8ZT
CE6TT
S9ET'6ZT

TIT86CT
mNB.mN-v
SObb"0ET
wmmm.omn

BLE9"SET
E¥9I'BET
TOEL'BET

PBELGET
6005°THT
PSHIEST~
TOZEpST~"

Cl

40

80

210

220

f1 (ppm)

Figure S6: *H (500 MHz, CDCl5) and 3C (125 MHz, CDCl;) NMR spectra of compound 3d.

£610'0-—

86€2'L1
PSOE'L]
89TE"L
£5€E"L1
PISE'LA
ST9E"L
86L£'L
Lv6E'L
eL6r'L
8605
bOTS'L
BPES L
Z8b5'L
6009'L~

65T L~
80£9'L~
£088'L-
mvwm,hv

bLET'S
8rST'S
S8ST'8:
T99C'8
5€82'8

50258

il

LA

|

8.5

Wﬂm 9
'
Asot
002

Fv0T

=p6'0

T

10.5

11.0

11.5

720 65 60 55 S50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

7.5

8.0

9.0

9.5

10.0

120

S21



-10

00— i

[}
o
-8R ©
C
Lo W i =009
(o
- m w
Y
= o
© ©
—
-
Lo %
ve1g'oL o
0L - n
PRELL -2 o
F& 2
—
g
= o}
g ()]
5 s (@)
E£E00°8CT Tt
STE'8TT o u = _/_I
LEBI6ET
Lgecezt I
505°621 o S sIere
966¢'621 N OLET'L
il 7o) Svm.h/
1926'621 6206'L _— 26€
S0LT"0ET L8 u mm:l.k |J
ELOYTET~, - - ~ €01L'L -_— 08¢
655321~ o 691L'L
OO LET— = 3 622LL _— =007
erecaet S a 662 L
SIT9'8ET o 0221’8
L9V9'8ET 9821’8 —_— 68T
SSIZ0kT =] c SPET'8
Z900°ERT a © oTbT's
ETHIbST~, —
0s81°SS1~" & g
£ o e m
o o
(@)
LR ~
7 N\ - T
=z =z o S
- O
2
8 3
o
& LN
-
6hhaSET— T
o -8 N N\ /N =
~ .e ™
~
. (%]
= [J]
—
>
2 80
[

60 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)

115 110 105 100 95 90 85 80 75 7.0 65
S22

120




—153.5238

1678

15

3890

7490

6987

88

0081
77.3073
77.0530
76.7995
—21.3744

/
Y
<

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S8: *H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3f.
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Figure S24: H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3v.
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Figure S28: H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3z.
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Figure S33: 'H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3ae.
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Figure S34: 'H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3af.
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Figure S35: 'H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3ag.
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Figure S36: 'H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3ah.
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Figure S37: 'H (500 MHz, CDCl;) and *3C (125 MHz, CDCl3) NMR spectra of compound 3ai.
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Figure S39: H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3ak.
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Figure S41: H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3am.
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Figure S42: 'H (500 MHz, CDCl;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3an.
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Figure S43: 'H (500 MHz, CDCl;) and 3C (125 MHz, CDCl;) NMR spectra of compound 3ao.
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Figure S44: 'H (500 MHz, CDCls) and *3C (125 MHz, CDCl;) NMR spectra of compound 3ap.
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Figure S45: H (500 MHz, CDCls) and *3C (125 MHz, CDCl;) NMR spectra of compound 3aq.
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Figure S46: 'H (500 MHz, CDCls;) and *3C (125 MHz, CDCl;) NMR spectra of compound 3ar.
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