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Um método altamente eficiente e simples foi descrito para a síntese de derivados de quinoxalina 
em bons a excelentes rendimentos (80-99%) por reação de condensação de 1,2-dicetonas 
heterocíclicas ou alifáticas (R1COCOR1, R1 = Et, Ph, p-MeC

6
H

5
, p-MeOC

6
H

5
, Furil) com 

1,2-diaminas (1,2-(NH
2
)

2
C

6
H

3
R2, R2 = H, Br, NO

2
, PhCO). Um estudo sistemático foi realizado 

para examinar a influência do meio reacional e dos fatores eletrônicos dos substratos nos resultados 
das reações.

A highly efficient and facile method has been described for the synthesis of quinoxaline 
derivatives in good to excellent yields (80-99%) by condensation reaction of heterocyclic as well as 
aliphatic 1,2-diketones (R1COCOR1, R1 = Et, Ph, p-MeC

6
H

5
, p-MeOC

6
H

5
, Furyl) with 1,2-diamines 

(1,2-(NH
2
)

2
C

6
H

3
R2, R2 = H, Br, NO

2
, PhCO). A systematic study was carried out to examine the 

influence of reaction media and electronic factors of the substrates on the reaction results.
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Introduction

Quinoxaline derivatives are well known in the 
pharmaceutical industry and have been shown to possess a 
broad spectrum of biological activities including antiviral, 
antibacterial, anti-inflammatory, askinase inhibitors, 
anticancer and anthelmintic agents.1 Quinoxaline ring is 
a part of a number of antibiotics such as echinomycin, 
levomycin, and actinomycin, which are known to inhibit 
the growth of Gram-positive bacteria and are also active 
against various transplantable tumors.2 Besides these, it 
has been reported for their application in dyes,3 efficient 
electroluminescent materials,4 organic semiconductors,5 
building blocks for the synthesis of anion receptor,6 
cavitands,7 dehydroannulenes,8 and DNA cleaving 
agents.9

In light of these significances, a variety of synthetic 
strategies have been developed for the preparation of 
quinoxaline derivatives. One of the most common methods 
is the condensation of 1,2-diamine with 1,2-dicarbonyl 
compounds in refluxing ethanol or acetic acid.10 Later, 
many improved methods has been reported for the 

synthesis of various quinoxaline derivatives using the Bi-
catalyzed oxidative coupling,11 microwave irradiation,12 
a solid-phase synthesis,13 and RuCl

2
-(PPh

3
)

3
-TEMPO,14 

MnO
2
,15 POCl

3
,16 zeolites,17 iodine,18 cerium ammonium 

nitrate,19 CuSO
4
·5H

2
O20 and SA/MeOH,21 Montmorillonite 

K-10,22 Zn[(L)proline],23 ionic liquid,24 Ni-nanoparticles,25 
silica sulfuric acid,26 NH

4
Cl27 as catalyst. Despite the 

progress, the state-of-the-art for the synthesis of these 
compounds remains less than ideal. Thus, the development 
of environmentally friendly benign, high-yielding 
and clean approaches for the synthesis of quinoxaline 
derivatives is still remains a highly desired goal in organic 
synthesis.

Ultrasonic-assisted organic synthesis as a green 
synthetic approach is a powerful technique that is being 
used more and more to accelerate organic reactions.28 
Compared with traditional methods, this method is more 
convenient and reactions can be carried out in higher yield, 
shorter reaction time and milder conditions.29 As part of 
current studies on the development of green and efficient 
organic methodologies,30 we herein report an efficient 
catalyst-free and practical method for the synthesis of 
quinoxaline derivatives under ultrasound irradiation at 
room temperature. 
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Results and Discussion

Initial studies focused on the screening of the solvents, 
bases as well as catalyst loading with the reaction of benzil 
and o-phenylenediamine as the model reaction at room 
temperature. Efforts were directed towards the evaluation 
of the synthesis of quinoxalines by ultrasound irradiation. 
With the same substrates, the reaction in ethanol, using 
ultrasound irradiation at room temperature afforded the 
products in excellent yield (98%) for 60 min. In contrast, 
the poor yields were obtained when the reactions were 
carried in boiling ethanol or in ethanol at room temperature 
without the aid of ultrasound irradiation (Table 1, entry 4). 
Thus, the efficacy of various solvents was investigated in the 
model reaction using benzil with o-phenylenediamine under 
ultrasound irradiation at room temperature and the results 
are summarized in Table 1. We examined aprotic solvents 
(such as CH

2
Cl

2
, CH

3
CN, THF, DMSO, DMF, EtOAc, 

1,4-dioxane) and protic solvents (such as H
2
O, EtOH, and 

MeOH). Almost all of the solvents (such as CH
2
Cl

2
 (93%), 

CH
3
CN (97%), THF (85%), DMSO (92%), DMF (84%), 

EtOAc (97%), and 1,4-dioxane (91%)) with the exception 
of H

2
O (yield 42%) afforded the desired products in good 

yields. The protic solvent EtOH (yield 98%) came out as 
a superior solvent in this transformation.

With optimal conditions in hand, the reaction of 
various 1,2-diketones and with 1,2-diamines was examined 
to explore the scope of the reaction and the results are 
summarized in Table 2. The substitution groups on the 

aromatic ring associated with 1,2-diketone had no obvious 
effect on the yields. It was observed that electron-donating 
groups associated with aromatic 1,2-diketone decreased 
slightly the product yields (Table 2, entries 4-8). Moreover, 
we also examined the condensation of heterocyclic 
1,2-diketone, such as 1,2-di(furan-2-yl)ethane-1,2-dione 
(Table 2, entries 9 and 10) with various 1,2-diamine. 
Similarly, the corresponding products 3i and 3j were 
obtained in excellent yield. When aliphatic 1,2-diketone, 
such as hexane-3,4-dione were used as reaction substrates, 
the desired products 3k and 3l were obtained in 80% 
and 81% yields, respectively (Table 2, entries 11 and 
12). On the other hand, we investigated the influence of 
electronic factors of 1,2-diamine on the reaction results. 
It was observed that the reaction of 1,2-diamine bearing 
electron-donating group (-Me) on the benzene ring, such as 
4-methylbenzene-1,2-diamine with various 1,2-diketones 
was examined and the corresponding products 3b, 3e and 
3h were obtained in good yields (Table 2, entries 2, 5 and 
8). However, the presence of an electron-withdrawing 
group on the benzene ring decreased the reactivity of the 
substrate. For instance, 1,2-diamines containing strongly 
electron-withdrawing group (-NO

2
) on the benzene 

ring, such as 4-nitrobenzene-1,2-diamine afforded the 
corresponding products 3c and 3f in only 37% and 36% 
yields, respectively (Table 2, entries 3 and 6), which showed 
an obvious electronic effect.

Table 1. Effects of solvents on the reaction of benzil and o-phenylenediamine 
under ultrasound irradiationa

Ph O

OPh

NH2

NH2

Ph N

NPh

+
ultrasound

Solvent, r.t., 60min

Entry Solvent Yield / (%)b

1 CH
2
Cl

2
93

2 THF 85

3 DMF 84

4 EtOH 98 (42c, 19d )

5 MeOH 97

6 CH
3
CN 97

7 DMSO 92

8 1,4-Dioxane 91

9 EtOAc 97

10 H
2
O 42

aAll reactions were performed at 1 mmol scale in 2 mL of solvent. 
bIsolated yields. cThe reaction was carried out in boiling ethanol without 
ultrasound irradiation for 2 h. dThe reaction was carried out in ethanol 
without ultrasound irradiation at room temperature for 3 h.

Table 2. Synthesis of quinoxaline derivatives under ultrasound irradiation 
using different diamines and 1,2-diketonesa

1 2 3

R1 O

OR1

NH2

NH2

R1 N

N

+
ultrasound

EtOH, r.t. 60min R1

R2 R2

Entry R1 R2 Product Yield / (%)b

1 Ph H 3a 98

2 Ph Me 3b 99

3 Ph NO
2

3c 37

4 p-MeC
6
H

4
H 3d 93

5 p-MeC
6
H

4
Me 3e 95

6 p-MeC
6
H

4
NO

2
3f 36

7 p-MeOC
6
H

4
H 3g 90

8 p-MeOC
6
H

4
Me 3h 91

9 Furyl H 3i 96

10 Furyl Me 3j 96

11 Et H 3k 81

12 Et Me 3l 80

aAll reactions were performed at 0.5 mmol scale in 2 mL of ethanol for 
60 min. bIsolated yields.
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Thus, further optimization studies were performed in 
order to develop a better system that was more functional 
group compatible. The most dramatic improvement was 
observed when the solvent was switched from EtOH to 
EtOH/acetic acid (AcOH). AcOH does work not merely as 
a solvent, but also as a promoter of the reaction. Therefore, 
the volume ratio of EtOH and AcOH was examined and the 
best results were obtained by carrying out the reaction in 
EtOH/AcOH with a ratio of 10:1 (v/v) (Table 3, entry 3).

Next, we explored the scope of the condensation of 
1,2-diketones with electron-withdrawing groups with 
1,2-diamines (Table 4). In all the case, the reaction 
proceeded smoothly and the desired products were obtained 
in excellent yields.

To check the versatility of this method, the present 
protocol was also applied to less nucleophilic aromatic 
diamine such as naphthalene-2,3-diamine (Table 4, entry 
4). On the other hand, some heterocyclic 1,2-diketone 
such as furil was subjected for condensation reaction 
and the desired products was obtained in excellent yields 
(Table 4, entries 6-7). When aliphatic 1,2-diketone, such as 
3,4-hexanedione was used as substrate, the desired products 
were also obtained with excellent yield (Table 4, entry 8). 
Finally, we also examined the reaction of unsymmetrical 
1,2-diketons with o-phenylenediamine (Table 4, entry 9). 
Similarly, the corresponding products were obtained with 
excellent yield.

In summary, we developed a highly efficient and facile 
method for the quinoxalines from various 1,2-diketones 
and 1,2-diamines under ultrasound irradiation at room 
temperature. Compared to previous reported methodologies, 
the present protocol features simple experimental operations, 
lower reaction temperature, high reaction rates and excellent 
yields, which makes this method a useful and attractive 
strategy in view of economic and environmental advantages.

Experimental 

All reagents were commercial available and used 
without any purification. Melting points were recorded 
on Digital Melting Point Apparatus WRS-1B and are 
uncorrected. IR spectra were recorded on a Bruker-
EQUINOX55 spectrometer. 1H NMR and 13C NMR spectra 

Table 3. The influence of the amount of acetic acida

EtOH/AcOH, r.t.

3c

Ph O

OPh

NH2

NH2

Ph N

NPh
+

ultrasoundO2N NO2

Entry AcOH / mL Yieldb / (%)

1 - 37

2 0.1 85

3 0.2 98

4 0.3 98

5 0.5 97

aAll reactions were performed at 0.5 mmol scale in 2 mL of ethanol for 
45 min. bIsolated yields.

Table 4. Synthesis of quinoxaline derivatives under ultrasound irradiation 
using different diamines and 1,2-diketonesa

1 2 3

R1 O

OR2

NH2

NH2

R1 N

N

+ ultrasound

EtOH-AcOH, r.t.
R3 R3

R2

Entry Product Time(min) Yield / (%)b

1

Ph N

NPh

NO2

3c

45 98

2

N

N

NO2

H3C

H3C
3f

60 94

3

N

N N

Br

3m

60 97

4

N

N

O

3n

60 95

5
N

N

3o

90 93

6

N

N

NO2O

O
3p

60 96

7

N

N N

Br
O

O
3q

60 92

8

N

N

NO2

3r

60 90

9

N

N

Cl
3s

45 94

aAll reactions were performed at 0.5 mmol scale in 2 mL of ethanol and 
0.2 mL acetic acid. bIsolated yields.
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were recorded on a Brucker AC 300 instrument using CDCl
3
 

as the solvent with tetramethylsilane (TMS) as an internal 
standard at room temperature. Chemical shifts were given 
in d relative to TMS, the coupling constants J are given in 
Hz. All reactions were conducted using standard Schlenk 
techniques. Column chromatography was performed 
using EM Silica gel 60 (300-400 mesh). Sonication was 
performed in Shanghai SY-5200DH water bath of the 
laboratory ultrasonic cleaner (with a frequency of 55 kHz 
and a constant output power of 150W; Shanghai Shengyuan 
ultrasonic instrument Co., Ltd.). All reactions were carried 
out in Schlenk tubes under the air, and the Schlenk tube was 
located in the water bath of the ultrasonic cleaner, where the 
surface of reactants is slightly lower than the level of the 
water. The reaction temperature was controlled at 22-25 oC 
by addition or removal of water from ultrasonic bath.

General procedure for the preparation of quinoxalines 3

A mixture of 1, 2-diketone (1, 0.5 mmol), 1, 2-diamine (2, 
0.5 mmol) and absolute ethanol (2 mL) or absolute ethanol/
acetic acid (2 mL/0.2 mL) was irradiated under ultrasound in 
an open Schlenk tube at room temperature (22-25 oC) until 
completion of the reaction. The progress of the reaction was 
monitored by TLC. After the reaction was completed, the 
reaction mixture was concentrated in vacuo and the residue 
was purified by flash column chromatography (eluted with 
a mixture of petroleum ether and ethyl acetate) on a silica 
gel (300-400 mesh) to give the product 3. 

The spectral and analytical data of all compounds are 
given below.

2,3-Diphenyl-quinoxaline (3a)18

White solid, mp120-122 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.20 (dd, J 6.3, 3.4 Hz, 2H),7.76 (dd, J 6.3, 
3.4 Hz, 2H), 7.53 ca. 7.56 (m, 4H), 7.34 ca. 7.37 (m, 6H); 
13C NMR (CDCl

3
, 75 MHz): d 153.48, 141.29, 141.26, 

141.24, 139.12, 130.03, 129.98, 129.94, 129.90, 129.87, 
129.85, 129.84, 129.82, 129.80, 129.24, 128.84, 128.30, 
128.28, 128.26, 128.24; IR (KBr) ν

max
/cm-1: 3065, 1441, 

1395, 1344, 768, 696.

6-Methyl-2,3-diphenylquinoxaline (3b)18

White solid, mp 135-137 oC , 1H NMR (CDCl
3
, 

300 MHz): d 8.07 (d, J 8.5 Hz, 1H), 7.96 (s,1H), 7.50 ca. 
7.53 (m, 5H), 7.32 ca. 7.35 (m, 6H), 2.62 (s, 3H); 13C NMR 
(CDCl

3
, 75 MHz) d 153.00, 152.26, 140.98, 140.16, 139.40, 

138.92, 131.97, 130.59, 129.52, 129.02, 128.94, 128.39, 
128.36, 128.30, 127.90, 127.71, 127.31, 126.89, 126.83, 
21.59; IR (KBr) ν

max
/cm-1: 3053, 1615, 1488, 1447, 1341, 

670.

6-Nitro-2,3-dipenylquinoxaline (3c)23

White solid, mp 185-187 oC, 1H NMR (CDCl
3
, 

300 MHz): d 9.08 (d, J 2.4 Hz, 1H), 8.53 (dd, J 9.1, 2.5 Hz, 
1H), 8.30 (d, J 9.1 Hz, 1H), 7.55 ca. 7.58 (m, 4H), 7.35 ca. 
7.44 (m, 6H); 13C NMR (CDCl

3
, 75 MHz) d 143.35, 139.74, 

137.86, 137.79, 130.75, 130.66, 130.52, 129.67, 129.59, 
129.54, 129.41, 129.26, 128.60, 128.52, 128.23, 127.21, 
127.12, 125.40, 124.25, 123.07; IR (KBr) ν

max
/cm-1: 3439, 

1614, 1520, 1397, 1340, 699.

2,3-Di-p-tolylquinoxaline (3d)18

White solid, mp147-148 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.14 ca. 8.15 (m, 2H), 7.73 ca. 7.76 (m, 
2H), 7.44 (d, J 8.0, 4H), 7.16 (d, J 7.9, 4H), 2.38 (s, 6H); 
13C NMR (CDCl

3
, 75 MHz) d 153.17, 140.83, 138.44, 

136.06, 129.40, 129.35, 128.80, 128.68, 21.05; IR (KBr) 
ν

max
/cm-1: 2914, 1608, 1467, 1397, 1339, 1217, 759.

6-Methyl-2,3-di-p-tolylquinoxaline (3e)18

White solid, mp135-136 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.03 (d, J 8.5 Hz, 1H), 7.92 (s, 1H), 7.58 (d, 
J 1.8Hz, 1H), 7.41 (d, J 7.9 Hz, 4H), 7.14(d, J 8.0 Hz, 4H), 
2.60 (s, 3H), 2.36 (s, 6H); 13C NMR (CDCl

3
, 75 MHz) d 

153.02, 152.29, 140.89, 139.82, 139.29, 138.30, 138.22, 
139.19, 131.69, 129.40, 128.64, 128.30 127.64, 21.60, 
21.05; IR (KBr) ν

max
/cm-1: 3428, 2913, 1611, 1448, 1337, 

822.

6-Nitro-2,3-di-p-tolylquinoxaline (3f)18

Yellow solid, mp 168-169 oC, 1H NMR (CDCl
3
, 

300 MHz): d 9.04 (d, J 2.2 Hz, 1H), 8.49 (dd, J 9.1, 2.3 Hz, 
1H), 8.25 (d, J 9.2 Hz, 1H), 7.45 ca. 7.49 (m, 4H), 7.18 
(d, J 7.9, 4H), 2.39 (s ,6H); 13C NMR (CDCl

3
, 75 MHz) d 

156.29, 155.67, 143.53, 140.00, 139.81, 135.36, 130.58, 
129.79, 129.69, 129.16, 125.52, 123.00, 21.42; IR (KBr) 
ν

max
/cm-1: 3428, 2918, 1611, 1523, 1402, 1343, 828.

2,3-Bis(4-methoxyphenyl)quinoxaline (3g)18

White solid, mp 146-148 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.13 (dd, J 6.3, 3.4 Hz, 2H), 7.73 (dd, J 6.3, 
3.4 Hz, 2H), 7.50 (d, J 8.6 Hz, 4H), 6.88 (d, J 8.6Hz, 4H), 
3.84 (s, 6H); 13C NMR (CDCl

3
, 75 MHz) d 159.81, 152.71, 

140.74, 131.38, 130.92, 129.23, 128.68, 113.45, 55.00; 
IR (KBr) ν

max
/cm-1: 2930, 2836, 1605, 1511, 1344, 1293, 

1246, 1173, 833.

2,3-Bis(4-methoxyphenyl)-6-methylquinoxaline (3h)18

White solid, mp 121-123 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.00 (d, J 8.2 Hz, 1H), 7.90 (s, 1H), 7.46 ca. 
7.56 (m, 5H), 6.87 (d, J 7.4 Hz, 4H), 3.83 (s, 6H), 2.59 (s, 
3H); 13C NMR (CDCl

3
, 75 MHz) d 159.94, 152.84, 152.11, 
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141.07, 139.96, 139.47, 131.83, 131.19, 131.15, 128.47, 
127.82, 113.68, 55.27, 21.86; IR (KBr) ν

max
/cm-1: 2925, 

2835, 1606, 1343, 1292, 1248, 1175, 833.

2,3-Di-(furan-2-yl)quinoxaline (3i)18

Pale brown solid, mp 131-132 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.12 (dd, J 6.3, 3.4 Hz, 2H), 7.72 (dd, J 6.3, 
3.4 Hz, 2H), 7.61 (s, 2H), 6.66 (d, J 3.3 Hz, 2H), 6.55 (s, 
2H); 13C NMR (CDCl

3
, 75 MHz) d 150.74, 144.13, 142.53, 

140.53, 130.30, 129.02, 112.93, 111.85; IR (KBr) ν
max

/cm-1: 
3103, 1566, 1484, 1397, 1328, 755.

2,3-Di(furan-2-yl)-6-methylquinoxaline (3j)18

Brown solid, mp 112-114 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.01 (d, J 8.6 Hz, 1H), 7.91 (s, 1H), 7.56 
ca. 7.61 (m, 3H), 6.55 ca. 6.62 (m, 4H), 2.58 (s, 3H); 13C 
NMR (CDCl

3
, 75 MHz) d 150.58, 143.78, 143.66, 140.78, 

140.39, 132.45, 128.29, 127.63, 112.48, 112.23, 111.54, 
21.59; IR (KBr) ν

max
/cm-1: 3106, 2918, 1485, 1323, 747.

2,3-Diethylquinoxaline (3k)24

Yellow oil, 1H NMR (CDCl
3
, 300 MHz): d 7.99 ca. 8.02 

(m, 2H), 7.62 ca. 7.65 (m, 2H), 3.03 (q, J 7.5 Hz, 4H), 1.41 
(t, J 4.5 Hz, 6H); 13C NMR (CDCl

3
, 75 MHz) d 156.87; 

140.65, 128.28, 128.12, 28.00, 12.20; IR (KBr) ν
max

/cm-1: 
2972, 1709, 1451, 1286, 764.

2,3-Diethyl-6-methylquinoxaline (3l)24

Pale yellow oil, 1H NMR (CDCl
3
, 300M Hz): d 7.85 

(d, J 8.5, 1H), 7.74 (s, 1H), 7.43 (d, J 8.5, 1H), 2.98 (dd, J 
14.9, 7.5 Hz, 4H), 2.51 (s, 3H), 1.37 (t, J 7.5 Hz, 6H); 13C 
NMR (CDCl

3
, 75 MHz) d 156.72, 155.90, 138.56, 130.49, 

127.59, 127.05, 27.96, 27.91, 21.33, 12.32, 12.28; IR (KBr) 
ν

max
/cm-1: 2971, 1622, 1565, 1453, 821.

7-Bromo-2,3-diphenylpyrido[3,2-b]pyrazine (3m)31

Pale yellow solid, mp 154-155 oC, 1H NMR (CDCl
3
, 

300 MHz): d 9.08 (d, J 1.4 Hz, 1H), 8.58 (t, J-1.0Hz, 1H), 
7.48 ca. 7.58 (m, 4H), 7.24 ca. 7.32 (m, 6H); 13C NMR 
(CDCl

3
, 75 MHz) d 156.17, 155.14, 154.77, 139.04, 137.77, 

137.47, 129.87, 129.50, 129.35, 129.26, 128.12, 127.91; IR 
(KBr) ν

max
/cm-1: 3396, 3057, 1393, 1331, 697.

(2,3-Diphenylquinoxalin-6-yl)(phenyl)methanone (3n)18

White solid, mp 139-140 oC, 1H NMR (CDCl
3
, 300 MHz): 

d 8.54 (s, 1H), 8.28 (s, 2H), 7.91 (d, J 7.4 Hz, 2H), 7.63 (d, J 
7.3 Hz, 1H), 7.51 ca. 7.57 (m, 6H), 7.34 ca. 7.40 (m, 6H); 13C 
NMR (CDCl

3
, 75 MHz) d 195.74, 155.12, 154.58, 142.96, 

140.18, 138.63, 138.30, 137.20, 132.41, 130.09, 129.80, 
129.74, 129.25, 129.11, 128.48, 128.33; IR (KBr) ν

max
/cm-1: 

3432, 3052, 1661, 1438, 1396, 1344, 1270, 698.

2,3-Diphenyl-[g]quinoxaline (3o)18

Yellow solid, mp188-189 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.75.(s, 2H), 8.10 ca. 8.13 (m, 2H), 7.55 ca. 
7.60 (m, 6H), 7.36 ca. 7.40 (m, 6H); 13C NMR (CDCl

3
, 

75 MHz) d 153.87, 138.84, 137.64, 133.75, 130.59, 129.52, 
129.06, 128.96, 128.69, 128.45, 128.23, 127.93, 127.53, 
127.24, 126.91, 126.41, 126.18, 125.29; IR (KBr) ν

max
/cm-1: 

3421, 3051, 1439, 1344, 1257, 1170, 695.

2,3-Di(furan-2-yl)-6-nitroquinoxaline (3p)32

Orange solid, mp 164-166 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.98 (d, J 2.4 Hz, 1H), 8.47 (dd, J 9.2, 2.5 Hz, 
1H), 8.20 (d, J 9.2 Hz, 1H), 7.65 ca. 7.68 (m, 2H), 6.85 
(dd, J 16.4, 3.5 Hz, 2H), 6.60 ca. 6.63 (m, 2H); 13C NMR 
(CDCl

3
, 75 MHz) d 149.81, 149.75, 147.57, 145.14, 144.66, 

144.34, 143.84, 142.63, 138.87, 130.10, 124.99, 123.99, 
123.28, 115.04, 114.17, 112.10, 111.96; IR (KBr) ν

max
/

cm-1: 3388, 1574, 1522, 1477, 1337, 749.

7-Bromo-2,3-(furan-2-yl)pyrido[3,2-b]pyrazine (3q)33

Dark brown solid, mp134-136 oC, 1H NMR (CDCl
3
, 

300 MHz): d 9.05 (d, J 2.4 Hz, 1H), 8.56 (d, J 2.4 Hz, 
1H), 7.58 ca. 7.62 (m, 2H), 7.04 (d, J 3.5 Hz, 1H), 6.76 
(d, J 3.5 Hz, 1H), 6.55 ca. 6.59 (m,2H); 13C NMR (CDCl

3
, 

75 MHz) d 154.92, 150.00, 149.77, 147.16, 144.76, 144.66, 
143.43, 138.63, 135.64, 120.77, 114.76, 114.36, 112.08, 
111.86; IR (KBr) ν

max
/cm-1: 3112, 1570, 1479, 1413, 1322, 

758.

2,3-Diethyl-6-nitroquinoxaline (3r)33

Pale yellow solid, mp 98-100 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.78 (d, J 2.5 Hz, 1H), 8.31 (dd, J 9.1, 2.5 Hz, 
1H), 8.03 (d, J 9.1 Hz, 1H), 3.04 (q, J 7.4 Hz, 4H), 1.41 (t, 
J 7.4, 6H); 13C NMR (CDCl

3
, 75 MHz) d 160.42, 159.42, 

146.51, 143.19, 139.30, 129.65, 124.60, 121.60, 28.13, 
27.91, 11.30, 11.24; IR (KBr) ν

max
/cm-1: 3430, 2976, 1614, 

1525, 1339, 1275, 739.

2-(4-Chlorophenyl)-3-phenylquinoxaline (3s)34

White solid, mp140-142 oC, 1H NMR (CDCl
3
, 

300 MHz): d 8.16 ca. 8.20 (m, 2H), 7.78 ca. 7.81 (m, 
2H), 7.47 ca. 7.53 (m, 4H), 7.31 ca. 7.39 (m, 5H); 13C 
NMR (CDCl

3
, 75 MHz) d 140.96, 140.86, 138.49, 137.17, 

134.79, 130.91, 129.89, 129.83, 129.46, 128.91, 128.85, 
128.68, 128.22, 128.16; IR (KBr) ν

max
/cm-1: 3429, 3054, 

1590, 1484, 1396, 1341, 806.
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Figure S1. 1H NMR of 3a (300 MHz, CDCl
3
) and 13C NMR of 3a (75 MHz, CDCl

3
).
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Figure S2. 1H NMR of 3b (300 MHz, CDCl
3
) and 13C NMR of 3b (75 MHz, CDCl

3
).
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Figure S3. 1H NMR of 3c (300 MHz, CDCl
3
) and 13C NMR of 3c (75 MHz, CDCl

3
).
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Figure S4. 1H NMR of 3d (300 MHz, CDCl
3
) and 13C NMR of 3d (75 MHz, CDCl

3
).
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Figure S5. 1H NMR of 3e (300 MHz, CDCl
3
) and 13C NMR of 3e (75 MHz, CDCl

3
).
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Figure S6. 1H NMR of 3f (300 MHz, CDCl
3
) and 13C NMR of 3f (75 MHz, CDCl

3
).
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Figure S7. 1H NMR of 3g (300 MHz, CDCl
3
) and 13C NMR of 3g (75 MHz, CDCl

3
).
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Figure S8. 1H NMR of 3h (300 MHz, CDCl
3
) and 13C NMR of 3h (75 MHz, CDCl

3
).
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Figure S9. 1H NMR of 3i (300 MHz, CDCl
3
) and 13C NMR of 3i (75 MHz, CDCl

3
).
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Figure S10. 1H NMR of 3j (300 MHz, CDCl
3
) and 13C NMR of 3j (75 MHz, CDCl

3
).
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Figure S11. 1H NMR of 3k (300 MHz, CDCl
3
) and 13C NMR of 3k (75 MHz, CDCl

3
).
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Figure S12. 1H NMR of 3l (300 MHz, CDCl
3
) and 13C NMR of 3l (75 MHz, CDCl

3
).
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Figure S13. 1H NMR of 3m (300 MHz, CDCl
3
) and 13C NMR of 3m (75 MHz, CDCl

3
).
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Figure S14. 1H NMR of 3n (300 MHz, CDCl
3
) and 13C NMR of 3n (75 MHz, CDCl

3
).
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Figure S15. 1H NMR of 3o (300 MHz, CDCl
3
) and 13C NMR of 3o (75 MHz, CDCl

3
).
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Figure S16. 1H NMR of 3p (300 MHz, CDCl
3
) and 13C NMR of 3p (75 MHz, CDCl

3
).
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Figure S17. 1H NMR of 3q (300 MHz, CDCl
3
) and 13C NMR of 3q (75 MHz, CDCl

3
).
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Figure S18. 1H NMR of 3r (300 MHz, CDCl
3
) and 13C NMR of 3r (75 MHz, CDCl

3
).
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Figure S19. 1H NMR of 3s (300 MHz, CDCl
3
) and 13C NMR of 3s (75 MHz, CDCl

3
).


