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a green and neutral reaction media for the efficient,
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Abstract: Quinoxaline derivatives were produced in excellent yields and short
reaction times via the condensation of 1,2-diamines with 1,2-diketones in the
neutral ionic liquid 1-butyl-3-methylimidazolium bromide ([bmim]Br) under
catalyst-free and microwave irradiation conditions.
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INTRODUCTION

Currently, catalyst-free reactions are the subject of considerable interest be-
cause of advantages such as ease of the experimental procedure as well as work-
up, low cost, possibility of using acid- or base-sensitive substrates and environ-
mentally benign processes.1-21 This vauable technique has been applied in se-
veral chemical transformations, such as the self-assembly of carbon nanotubes,
carbon nanowires and carbon filaments,! conjugate addition of thiols to electron
deficient alkenes,2 synthesis of dithiocarbamates,3 synthesis of 10-aryl-2,7-dime-
thyl-4,5-dioxo-3,6,9-trioxa-3,4,5,6,9,10-hexahydroanthracenes, synthesis of 2-
-substituted benzimidazoles and bis-benzimidazoles,® synthesis of di- and tri-sub-
stituted thiazoles,® synthesis of 2-aryl/alkyl-4(3H)-quinazolinones,’ regioselec-
tive conversion of epoxides to vicinal halohydrins,8 transesterification of trigly-
cerides,® conversion of aldehydes to acylals,10 synthesis of N-alkyl and N-aryl-
imides, 11 a~amination of nitrogen heterocycles,12 synthesis of 2-aminothiazo-
les,13 N-Boc deprotection of N-Boc-amines,14 condensation of indoles with alde-
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1316 ZAREdal.

hydes,15 synthesis of N-sulfonyl imines,16 dehydration of benzyl alcohols into
(E)-arylalkenes, 17 chemosel ective oxidation of aryl alcohols/acetates, 18 synthesis
of furo[2,3-d]pyrimidine-2,4(1H,3H)-diones,1° synthesis of 3-acetoacetylcouma-
rin derivatives?0 and synthesis of bis-pyrazolo[3,4-b:4’,3'-€]pyridines.21

The elimination of volatile organic solvents in organic synthesis is the most
important goal in green chemistry. One of the most efficient protocols to reach
this aim is the substitution of volatile solvents with ionic liquids.22 In recent
years, ionic liquids have received increasing attention as benign reaction mediain
organic synthesis due to their unique properties, including non-volatility, non-
-flammability, high thermal stability, high polarity because of their ionic nature,
recyclability, non-contaminating nature and ability to dissolve a wide range of
polar and non-polar materials.22 The application of microwave irradiation in syn-
thetic chemistry is a fast-growing research area since this method has opened up
the possibility of realizing the fast synthesis of organic compounds.23 From the
perspective of microwave chemistry, the strong polar nature of ionic liquids makes
them ideal reaction medium in microwave-assisted organic reactions,19.16,22,23
Many interesting studies have recently been published in which the advantages of
microwave irradiation and ionic liquids were combined.1516,22,23

Quinoxalines have attracted great interest as they possess various biological
activities, such as antimycobacterial,24 antibacterial,2> antifungal,2> anthelmin-
tic,26 antidepressant2” and antitumor.28 These compounds have aso been used
for the preparation of various dyes.2® The condensation of 1,2-diamines with 1,2-
-diketones has been used as a useful synthetic route toward quinoxalines. For this
transformation, severa catalysts and reagents have been reported, including o-io-
doxybenzoic acid,30 ceric(IV) ammonium nitrate,31 Y b(OTf)3,32 zirconium tetra-
kis(dodecyl sulfate),33 zeolite,3#4 sulfamic acid/MeOH,3° (NH4)eM 07024-4H20,36
HePoW1g06p-24H50,37 LiBr,38 Zn[L-proling],3° polyaniline-sulfate salt4® and
iodine in DMS0.41 The condensation of 1,2-diamines with 1,2-diketones has
been aso realized using the acidic ionic liquid 1-butylimidazolium tetrafluoro-
borate as the solvent and catalyst.42 However, in this work, a large amount of the
ionic liquid was applied (2 mL of the ionic liquid per mmol of 1,2-diketone).
Furthermore, the catalyst used in this study was similar to most employed ca-
talysts, i.e., an acidic catalyst.42 Quinoxalines have also been prepared from ben-
zene-1,2-diamine and 2-oxo-N-phenylalkane-thioamides using the acidic ionic
liquid N,N,N-trimethyl-3-sulfo-1-propanaminimum hydrogen sulfate bearing two
acidic group. In this work, among the different 1,2-diamines, only benzene-1,2-
-diamine was employed. Moreover, the preparation of the ionic liquid required a
difficult two-steps procedure.43 Other methods which have been applied for the
synthesis of quinoxalines are heteroannulation of the nitroketene N,S-arylimino-
acetals with POCI 3,44 Bi-catalyzed oxidative coupling of epoxides with ene-1,2-
-diamines, 4> cyclization of 1,2-arylimino oximes of 1,2-dicarbonyl compounds?®
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IONIC LIQUID 1-BUTYL-3-METHYLIMIDAZOLIUM BROMIDE 1317

and from o~hydroxy ketones via a tandem oxidation process using Pd(OAc)» or
RuCl,(PPh3)3~-TEMPO.4’ However, many of the synthetic protocols reported so
far suffer from disadvantages such as the use of expensive reagents, the necessity
of anhydrous conditions, prolonged reaction times, unsatisfactory yields, difficult
experimental as well as workup procedures, the use of expensive and detrimental
metal precursors and incompatibility with green chemistry protocols. Moreover,
some methods involve multi-steps procedures. Therefore, development of an ef-
ficient, novel, safe, simple and catalyst-free method for the preparation of quino-
xaline derivativesis desirable.

As a part of our ongoing program to develop the application of catalyst-free
techniques in organic synthesis, 1516 herein, an efficient, green and simple cata-
lyst-free method for the synthesis of quinoxaline derivatives from aromatic and
aliphatic 1,2-diamines and 1,2-diketones in the neutral ionic liquid [bmim]Br un-
der microwave irradiation is presented (Scheme 1). This synthesis represents a
novelty in the synthesis of quinoxalines in a catalyst-free reaction in the neutral
ionic liquid [bmim]Br, which is commercially available or easily prepared.

@:NHZ . O i Catalyst-free _ @[N\ l
NH, 5 [Bmim]Br, MW, 500 W N7
30 min
1a

95%
Scheme 1. The condensation of benzene-1,2-diamine with benzil.

RESULTS AND DISCUSSION

The condensation of benzene-1,2-diamine with benzil was selected as the
model reaction to provide compound 1a, for optimizing the reaction conditions
(Scheme 1). At first, the model reaction was examined in [bmim]Br without a
catalyst in an oil-bath (130 °C). However, under these conditions, the product
was obtained in 69 % yield after 180 min. Changing the temperature or the re-
action time did not increase the yield. Previously, the combination of microwave
irradiation and ionic liquids was applied in severa useful organic transfor-
mations.1516.22.23 Thus, it was decided to use this technique in the catalyst-
-free synthesis of quinoxalines. For this purpose, a mixture of benzene-1,2-di-
amine and benzil in [bmim]Br was irradiated in a microwave oven at a maximum
of 500 W (130 °C). Interestingly, the reaction yield increased to 95 % under these
conditions (Table 1). To determine the most suitable media for the reaction, the
microwave-assisted synthesis of quinoxaline 1a was checked in different ionic li-
quids, 1-methylimidazole (as a precursor of the used ionic liquids) as well as un-
der solvent-free conditions at a maximum of 500 W of microwave power (130
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°C). The results are summarized in Table I, from which it can be seen that the
highest yield of 1a was obtained in [bmim]Br. The results showed that Br— was
the best anion part of the ionic liquid for the reaction, and n-butyl was the best
akyl chain of the cation part of the ionic liquid. Moreover, 1-methylimidazole
cannot efficiently promote the reaction.

TABLE I. The condensation of benzene-1,2-diamine with benzil in some ionic liquids and
1-methylimidazole, as well as under solvent-free conditions

Entry Solvent Time, min Yield®, %
[bmim]Br 30 95

2 [bmim]Cl 30 88

3 [bmim]| 30 84

4 [hmim]Br® 30 89

5 [omim]Br° 30 82

6 1-Methylimidazole (25 mol %) 30 73

7 Solvent-free 30 67

3 solated yield; b1—hexy|-3-methylimidazolium bromide; c1—0cty|-3-methy|imidazolium bromide; %increase in
amount of 1-methylimidazole did not improve the yield

To assess the generality and efficiency of the catalyst-free protocol, different
aromatic and aliphatic 1,2-diamines were reacted with structurally diverse 1,2-di-
ketones. The results are given in Table II, from which it can be seen that al re-
actions proceeded efficiently and the desired products were obtained in good to
excellent yields and in short reaction times. It was observed that electron-re-
leasing substituents on the aromatic ring of the aromatic 1,2-diamines had no
significant influence on the reaction results (Table 1, entries 7-12); however,
electron-withdrawing substituents slightly decreased the yields (Table Il, entry
13). Moreover, diphatic 1,2-diamines afforded the corresponding quinoxaline
derivativesin highyields (Table I, entry 16).

TABLE Il. The catalyst-free preparation of quinoxaine derivatives from 1,2-diamines and
1,2-diketones

Entry 1,2-Diamine Product® Time, min  Yied®, % M.p., °C
1 x-NH2 : 30 95 130-131
I N (128-129)*
~ “NH,
N
(1a)
2 o~ _F 30 96 132-134
N Jw (135-137)®
U\ /:]\ éL\ PN

N
(1b) {\)\F
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TABLE Il. Continued

Entry 1,2-Diamine Product® Time, min Yield®, % M.p., °C
3 C[NHZ — . ci 30 94 191-193
(| 195-196)*
NH, || NS ( )
PN \l
(1e) ¢l
4 ‘ Br 32 87 188-190
L
0
(1d) Br
5 N 35 90 75-77
L (18”
N
(1e)
6 |- 30 83 228-230
{2l
(19
7 Me NH, AN 30 96 116-117
@[ Mo~ N_As ! (117-118)%®
NH, DO
|
(1g)
8 o~ Me 35 87 139-140
36
Mo~ N (139-140)
PR
", N &
(.
(1h) Me
9 F 30 95 164-166
Me N_ (163-165)*
i :N/ s
(1i) ZF
10 T 30 86 233-235
T =< (233-235)
e~ )
(13) o
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TABLE Il. Continued

Entry 1,2-Diamine Product® Time, min Yied’, % M.p., °C
11 Me \/\'A\I NH, 25 96 176-178
I . 172)%®
Mo PN, Me. -~ _N ; 172)
Me N
(1k)
12 Me N 30 91 301—30333
' ' | (302-304)
Me™ N
(1)
13 ON __~_NH, 30 78 190-192
U\ 02N N (193-194)®
~" “NH2 T3
N
(1m)
14 o~ NHy 7“\‘ 30 92 184-186
L 1 A N /J (187-188)*

ZaN N T N\ N
e (O T
XN N/

&

(1n)
15 : N 40 85 132-134
| | (134)31
NN
(10)
16 _~_NH, N 40 84 168-170
[\ j _~_N L H (168-170)*

N

e O
gt L~

tp)

#The structures of known compounds were identified by comparison of their melting points and spectral data
with those in the authentic samples; %isolated yield

The interesting behavior of ionic liquids lies in the fact that they can be re-
-used after simple washing with a suitable solvent, thus rendering the process
more economical. The yields of compounds 1a (model compound) in the 2™, 3
and 4™ uses of [bmim]Br were amost as high asin the first use.

Selected spectral data of the products
2,3-Diphenylquinoxaline (1a). White solid; yield: 95 %; m.p. 131-132 °C
(1it.30 m.p. 128-129 °C). Anal. Calcd. for CogH14N»: C, 85.08; H, 5.00; N, 9.92

%. Found: C, 85.31; H, 5.16; N, 9.79 %. 1H-NMR (250 MHz, CDCl3, ¢ / ppm):
7.29-7.33 (6H, m), 7.48-7.54 (4H, m), 7.76-7.79 (2H, m), 8.20-8.23 (2H, m).
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IONIC LIQUID 1-BUTYL-3-METHYLIMIDAZOLIUM BROMIDE 1321

13C-NMR (62.5 MHz, CDCl3, 6 / ppm): 128.1, 128.7, 129.1, 129.9, 131.0, 139.6,
141.7, 153.2.

2,3-Bis(4-bromophenyl)quinoxaline (1d). Pale yellow solid; yield: 87 %;
m.p. 188-190 °C. Anal. Calcd. for CogH12BroN»: C, 54.58; H, 2.75; N, 6.36 %.
Found: C, 54.79; H, 2.65; N, 6.25 %. IH-NMR (500 MHz, CDCl3, 6 / ppm): 7.45
(4H, dd, J = 8.5, 2.0 Hz), 7.62 (4H, d, J = 8.5 Hz), 7.88-7.92 (2H, m), 8.15-8.18
(2H, m). 13C-NMR (125 MHz, CDCl3, 6 / ppm): 124.2, 129.7, 130.9, 131.6, 132.2,
138.0, 141.5, 152.9.

Dibenzo[ a,c] phenayine (1f). Pale yellow solid; yield: 83 %; m.p. 228-230
°C. Anal. Cacd. for CogH12N2: C, 85.69; H, 4.31; N, 9.99 %. Found: C, 85.43;
H, 4.19; N, 10.14 %. 1H-NMR (500 MHz, CDCls, 6 / ppm): 7.75-7.7.83 (4H, m),
7.86—7.89 (2H, m), 8.33-8.37 (2H, m), 8.54-8.57 (2H, m), 9.41 (2H, dd, J = 7.9,
1.4 Hz). 13C-NMR (125 MHz, CDCl3, ¢ / ppm): 123.3, 126.7, 128.3, 129.9,
130.2, 130.7, 130.7, 132.4, 142.6, 142.8.

9-Methylacenaphtho[ 1,2-b] quinoxaline (1j). Pale yellow solid; yield: 86 %;
m.p. 233-235 (lit.. 233-235 °C38). Anal. Calcd. for CigH1oNp: C, 85.05; H,
4.51; N, 10.44 %. Found: C, 85.23; H, 4.65; N, 10.32 %. 1H-NMR (500 MHz,
CDCl3, 0 / ppm): 2.60 (3H, s), 7.69 (1H, d, J = 7.8 Hz), 7.93-7.95 (2H, m), 8.00
(1H, ), 8.09-7.12 (1H, m), 8.27-8.31 (2H, m), 8.39-8.42 (2H, m). 13C-NMR
(125 MHz, CDCl3, ¢ / ppm): 22.3, 121.8, 122.3, 129.0, 129.1, 129.2, 129.5,
129.7, 129.7, 130.4, 131.8, 132.4, 136.7, 140.0, 140.1, 141.8, 153.7, 154.3.

9,10-Dimethylacenaphtho[ 1,2-b] quinoxaline (11). Yellow solid; yield: 91 %;
m.p. 301-303 °C (lit.33 m.p. 302-304 °C). Anal. Calcd. for CogH14N»: C, 85.08;
H, 5.00; N, 9.92 %. Found: C, 84.81; H, 5.13; N, 10.09 %; 1H-NMR (250 MHz,
CDCl3, 6 / ppm): 2.51 (6H, s), 7.76-7.80 (2H, m), 7.89 (2H, s), 8.01-8.05 (2H,
m), 8.32-8.36 (2H, m); 13C-NMR (62.5 MHz, CDCls, ¢ / ppm): 20.3, 121.5,
127.8, 128.0, 128.6, 128.9, 129.1, 139.5, 140.00, 148.5, 153.3.

2,3-Diphenylbenzo[ g] quinoxaline (1n). Yellow solid; yield: 92 %; m.p. 184—
—186 °C (lit.31 m.p. 187-188 °C). Anal. Calcd. for Co4H16No: C, 86.72; H, 4.85;
N, 8.43 %. Found: C, 86.52; H, 4.94; N, 8.31 %. 1H-NMR (250 MHz, CDC13, 6 /
/ ppm): 7.30-7.34 (6H, m), 7.48-7.53 (6H, m), 8.01-8.05 (2H, m), 8.59 (2H, 9).
13C-NMR (62.5 MHz, CDCl3, 6 / ppm): 126.5, 127.4, 128.0, 128.3, 129.0, 129.7,
133.8, 136.9, 139.4, 153.7.

EXPERIMENTAL

All chemicals were purchased from Merck or Fluka Chemical Companies. The ionic li-
quids were prepared according to reported methods.® All reactions were performed using a
laboratory microwave oven (MicroSY NTH, Milestone Company, Italy). The IH-NMR (250 or
500 MHz) and 13C-NMR (62.5 or 125 MHz) measurements were run on a Bruker Avance
DPX-250 FT-NMR spectrometer. The microanalyses were realized on a Perkin-Elmer 240-B
microanalyzer. The melting points were recorded on a Biichi B-545 apparatus in open capil-
lary tubes.
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1322 ZAREdal.

General procedure for the catalyst-free preparation of quinoxalines

To amixture of 1,2-diamine (6 mmol) and 1,2-diketone (6 mmol) in a microwave vessel
was added [bmim]Br (2 g) and mixed carefully with a small rod. The resulting mixture was
irradiated and stirred in a microwave oven at maximum of 500 W. The microwave oven was
programmed to enhance the internal reaction temperature to 130 °C within 5 min, and then
continue suitable irradiation (0-500 W) at this temperature, for the appropriate time. The
combined times are showed in Table Il. Subsequently, the reaction mixture was cooled to
room temperature and extracted with Et,O (3x50 mL). The combined organic extracts were
then washed with brine (2x50 mL) and dried over MgSO,. The solvent was evaporated to af-
ford the pure product without any further purification or the crude product was recrystallized
from EtOH (96 %) when required to give the pure product. After isolation of the product, the
remaining Et,O in [bmim]Br was evaporated and the ionic liquid was successfully employed
for the next run under identical reaction conditions.
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