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Abstract

A simple, highly efficient and green procedure for the condensation of aryl and alkyl 1,2-
diamines with a-diketones in the presence of catalytic amount of oxalic acid at room temperature
is described. Using this method, quinoxaline derivatives as biologically interesting compounds
are produced in high to excellent yields and short reaction times.
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Introduction

The quinoxaline skeleton is a building block for the preparation of substances with pronounced
biological activities, such as antimycobacterial,' antidepressant,” and antitumor drugs.’
Moreover, quinoxaline ring is a part of various antibiotics, such as Echinomycin, Levomycin and
Actinoleutin that are known to inhibit growth of gram positive bacteria® and are active against
various transplantable tumors.” They have been also used as building blocks for the synthesis of
organic semiconductors.’ Quinoxaline derivatives have been also applied for metal cations
extraction.” A number of methods have been developed for the synthesis of substituted
quinoxalines.*"* The most common method for their preparation relies on the condensation of an
aryl 1,2-diamine with a 1,2-dicarbonyl compound.® Furthermore, there are several synthetic
routes toward quinoxalines, including Bi-catalyzed oxidative coupling of epoxides with ene-1,2-
diamines,” heteroannulation of nitroketene N,S-aryliminoacetals with POCl;," cyclization of a-
arylimino oximes of a-dicarbonyl compounds,'' and from o-hydroxy ketones via a tandem
oxidation process using Pd(OAc), or RUCIQ—(PPh3)3—TEMP012 as well as Mn02.13 Nevertheless,
most of these methods suffer one or more of the following drawbacks: unsatisfactory yield, long
reaction time, critical product isolation procedures, the use of expensive and detrimental metal
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precursors, harsh reaction conditions, and no agreement with the green chemistry protocols,
which limit their use. As part of our ongoing program to develop more efficient and
environmentally benign methods for organic transformations using economic and ecofriendly
materials as catalysts and reagents,' we have looked into the synthesis of quinoxaline
derivatives via the condensation of 1,2-diamines with a-diketones in the presence of catalytic
amounts of oxalic acid at room temperature (Scheme 1). It is worth noting that this present
method has not the above mentioned drawbacks.
e
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Scheme 1. Condensation of benzene-1,2-diamine with benzil.

Results and Discussion

In order to find a suitable catalyst for the synthesis of quinoxalines from 1,2-diamines and a-
diketones, the condensation of benzene-1,2-diamine with benzil was chosen as a model to
provide compound 3a (Scheme 1), and its behavior was studied in the presence of various
catalysts in EtOH/H,O at room temperature. The results are displayed in Table 1. As it can be
seen from Table 1, oxalic acid as an organic catalyst afforded the better results with respect to
the inorganic catalysts.

Table 1. The condensation of benzene-1,2-diamine (1 mmol) with benzil (I mmol) in the
presence of different catalysts (0.2 mmol, 20 mol%) in EtOH/H,0O (1/1) at room temperature

Entry  Catalyst Time (min)  Yield® (%)
1° - 600 -

2 Oxalic acid 10 93

3 ZnCl, 240 70

4 Mn(OAc), 240 78

5 CoCl, 240 81

6 Ni(OAc), 240 68

“Isolated yield. "Without catalyst.
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To select the best solvent for the reaction, the synthesis of quinoxaline 3a was examined in
different solvents (Table 2). As Table 2 indicates, the examined solvents were not efficient
separately. Higher yields and shorter reaction times were obtained when the reaction was carried
out in EtOH/H,0 (1/1). Thus, EtOH/H,O (1/1) was used as reaction media for all reactions.

Table 2. The effect of various solvents (20 mL) on the reaction of benzene-1,2-diamine (1
mmol) with Benzil (1mmol) using oxalic acid (0.2 mmol) at room temperature

Entry  Solvent Time (min)  Yield® (%)
1 EtOH 60 62

2 H,O 60 24

3 CHCl; 60 31

4 MeCN 60 37

5 THF 60 26

7 EtOH/H,0 (1/1) 10 93
“Isolated yield

To realize the generality and versatility of the catalyst, different aryl and alkyl 1,2-diamines
were condensed with some a-diketones. The results are summarized in Table 3. As it is shown in
Table 3, when aryl 1,2-diamines were applied, all reactions proceeded efficiently and the desired
quinoxalines were obtained in excellent yields and short reaction times. However, alkyl 1,2-
diamines afforded the corresponding quinoxaline derivatives in slightly lower yields and longer
reaction times. In addition, the structure of a-diketones did not significantly affect on the results
of the reaction.

Table 3. Synthesis of quinoxaline derivatives from 1,2-diamines and a-diketones

Entry 1,2-Diamine Product Time (min)  Yield® (%)

ve
O o

NH, N O
(3a)

Me N ‘ Me Na ‘
2 f:[/ T 10 %6
T e

(3b)

10 93
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Table 3. Continued
Entry 1,2-Diamine Product Time (min)  Yield® (%)
Me NH, Me Ny ‘
3 I:[ IZ P 10 95
Me NH, Me N O
(3c)
Be
4 P 10 92
NH, N O
(3d)
NH, Ns ‘
5 (:[ (I P 60 81
NH, N O
(3e)
NH, Ny ‘
6 P 60 84
o : ®
(3f)
OMe
e
7 @ ©i P 10 92
NH, N O
(39) OMe
OMe
Me NH» Me N\ ‘
8 \©i \©i P 10 93
NH, N O
(3h) OMe
Me
Me NH, Me Na ‘
.Y O 0
NH, N O
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Table 3. Continued

Entry 1,2-Diamine Product Time (min)  Yield" (%)

Me
NH, N ‘
1 ) L z
NH, N O
@) Me

N Me
NH, @ h
11 Oi N 15 89
NH,

(3k)
12 = 10 94
Me NH, Me N O
@30
“Isolated yield.

Ease of recycling of the catalyst is one of the most advantages of our method. For the
reaction of benzene-1,2-diamine with benzil no significant loss of the product yield was observed
when oxalic acid was used after four times recycling.

Conclusions

In summary, we have developed an efficient method for the synthesis of quinoxaline derivatives
via the condensation of 1,2-diamines with a-diketones. This new strategy has several advantages,
such as excellent yield, short reaction time, low cost, simple experimental as well as isolation
procedures, and finally, it is in agreement with the green chemistry protocols.

Experimental Section

General Procedures. All chemicals were purchased from Merck or Fluka chemical companies.
All known compounds were identified by comparison of their melting points and 'H NMR data
with the authentic samples. The 'H NMR (250 MHz) and *C NMR (62.5 MHz) were run on a
Bruker Avance DPX-250, FT-NMR spectrometer (6 in ppm). Mass spectra were recorded on a
Shimadzu GC MS-QP 1000 EX apparatus. Microanalyses were performed on a Perkin-Elmer
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240-B microanalyzer. Melting points were recorded on a Biichi B-545 apparatus in open
capillary tubes.

Preparation of quinoxalines from 1,2-diamines and a-diketones. To a mixture of a-diketone
(1 mmol), oxalic acid (0.018 g, 0.2 mmol) and EtOH/H,0 [1/1 (v/v), 20 mL] in a 50 mL round-
bottomed flask was added 1,2-diamine (1 mmol), and the resulting mixture was stirred at room
temperature for the times reported in Table 3. Then, H,O (20 mL) was added to the reaction
mixture, and was allowed to stand at room temperature for 1 h. During this time, crystals of the
pure product formed which were collected by filtration and dried. After isolation of the product,
the filtrate was extracted with CHCI; (2x30 mL). The aqueous layer (including oxalic acid) was
separated, and its solvent was evaporated to obtain pure oxalic acid. The recycled catalyst was
used for the next run under identical reaction conditions.

2,3-Diphenylquinoxaline (3a). White solid; mp 130-131 °C (Lit.** mp 128-129 °C); 'H NMR
(CDCl3): 6 7.29-7.33 (6H, m), 7.51 (4H, m), 7.77 (2H, m), 8.21 (2H, m).
6-Methyl-2,3-diphenylquinoxaline (3b). White solid; mp 115-117 °C (Lit.** mp 117-118 °C);
'H NMR (CDCl3): & 2.62 (3H, s), 7.26-7.34 (6H, m), 7.50 (4H, m), 7.60 (1H, d, J = 8.4 Hz),
7.84 (1H, s), 8.10 (1H, d, J= 8.4 Hz).

6,7-Dimethyl-2,3-diphenylquinoxaline (3c). Pale yellow solid; mp 177-179 °C (Lit.8b mp 172
°C); '"H NMR (CDCl3): 8 2.46 (6H, s), 7.19-7.27 (6H, m), 7.42 (4H, d, J = 9.0 Hz), 7.58 (2H, s).
2,3-Diphenylbenzo[g]quinoxaline (3d). Yellow solid; mp 186-188 °C (Lit.* mp 187-188 °C);
"H NMR (CDC153): & 7.30-7.34 (6H, m), 7.48-7.53 (6H, m), 8.03 (2H, m), 8.59 (2H, s).
2,3-Diphenyl-4a,5,6,7,8,8a-hexahydroquinoxaline (3e). Pale yellow solid; mp 168-170 °C
(Lit.* mp 167 °C); "H NMR (CDCl3): 8 1.36 (2H, m), 1.50 (2H, m), 1.69 (2H, m), 1.95 (2H, m),
2.96 (2H, m), 7.29-7.37 (6H, m) 7.48 (4H, m).

5,6-Diphenyl-2,3-dihydropyrazine (3f). White solid; mp 160-162 °C (Lit.*> mp 158 °C); 'H
NMR (CDCl13): 6 3.80 (4H, s), 7.26-7.34 (6H, m), 7.48 (4H, m).
2,3-Bis(4-methoxyphenyl)quinoxaline (3g). Pale yellow solid; mp 148-150 °C (Lit.** mp 151-
152 °C); '"H NMR (CDCl3): & 3.84 (6H, s), 6.85 (4H, d, J = 8.6 Hz), 7.47 (4H, d, J = 8.6 Hz),
7.68 (2H, m), 8.19 (2H, m).

2,3-Bis(4-methoxyphenyl)-6-methylquinoxaline (3h). Yellow solid; mp 129-131 °C (Lit.g‘1 mp
125-127 °C); '"H NMR (CDCl3): § 1.58 (3H, s), 3.88 (6H, s), 6.65 (4H, d, J = 8.6 Hz), 7.05 (4H,
d,J=7.6 Hz), 7.61 (1H, d, J= 8.5 Hz), 7.90 (1H, s), 8.09 (1H, d, J = 8.5 Hz).
6-Methyl-2,3-di-p-tolylquinoxaline (3i). Pale yellow solid; mp 138-139 °C (Lit.* mp 137 °C);
'H NMR (CDCl3): & 2.34 (6H, s), 2.51 (3H, s), 7.17 (4H, d, J = 8.0 Hz), 7.46 (4H, d, J = 8.0
Hz), 7.58 (1H, d, J =8.5), 7.93 (1H, s), 8.03 (1H, d, J = 8.5 Hz).
2,3-Di-p-tolylbenzo[g]quinoxaline (3j). Yellow solid; mp 196-198 °C (Lit.** mp 198 °C); 'H
NMR (CDCl53): & 2.35 (6H, s), 7.16 (4H, d, J = 8.0 Hz), 7.45-7.50 (6H, m), 8.05 (2H, m), 8.62
(2H, s).

2-Methyl-3-phenylquinoxaline (3k). Orange solid; mp 57-59 °C (Lit.* mp 56 °C); '"H NMR
(CDCl15): 6 2.81 (3H, s), 7.45-7.51 (3H, m), 7.62-7.71 (4H, m), 8.06-8.13 (2H, m).
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9,10-Dimethylacenaphtho[1,2-b]quinoxaline (31). Yellow solid; mp 304-306 °C; 'H NMR
(CDC13): & 2.51 (6H, s), 7.78 (2H, m), 7.89 (2H, s), 8.03 (2H, m), 8.34 (2H, m); °C NMR
(CDCl15): 6 20.3, 121.5, 127.8, 128.0, 128.6, 128.9, 129.1, 139.5, 140.00, 148.5, 153.3; MS m/z:
282 (M+); Anal. calcd. for CyoH4sN»: C, 85.08; H, 5.00; N, 9.92. Found: C, 85.32; H, 5.16; N,
9.73.
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