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2a, Ar = 4-FCH,; 2b, 23-F,C¢Hs; 2¢, Ar = 2,6-F,C¢Hy; 2d, Ar =
3-CIC4H,; 2e, 2-BrCgH,; 2f, Ar = 2-ICH,; 2g, Ar = 3-IC¢H,;

A series of 2-substituted quinoxaline derivatives including five novel compounds have been successfully
synthesized from 2-chloroquinoxaline using microwave methodology. The yields of the quinoxalines
synthesized through this method, were an improvement over the thermal methods usually employed.
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INTRODUCTION

Quinoxaline derivatives are important classes of
nitrogen-containing heterocycles, as they constitute useful
intermediates in organic synthesis [1-3]. In the context of
our general interest on the effect of colloidal systems on
nucleophilic heteroaromatic substitution reactions on
quinoxaline derivatives [4,5] and as a continuation of our
previous work [6,7] on the synthesis of some new
quinoxaline derivatives, herein we wish to report an
efficient and straightforward procedure for the synthesis
of several 2-substituted quinoxaline derivatives 2a-h
applying microwave methodology. Recently, microwave
irradiation (MWI) using domestic ovens has emerged as
an important synthetic tool to accelerate organic reactions;
the high heating efficiency gives remarkable rate
enhancement and significant reduction in reaction time
[8,9]. Quinoxalines derivatives are increasingly used in
the pharmaceutical industry due to their wide spectrum of
biological activities which comprise anticancer, antiviral,
antimalarial and antibacterial properties [10]. The aim of
this work is to demonstrate the advantage obtained by the
use of microwave irradiation over thermal methods in the
one-pot synthesis of quinoxaline derivatives 2a-h.

RESULTS AND DISCUSSION

2-Chloroquinoxaline 1 reacts with the appropriate
phenoxide ion to afford products 2a-h under microwave
or thermal treatment (Scheme 1). 2-Chloroquinoxaline 1
undergoes nucleophilic heteroaromatic substitution due to
the aza activation of the heteroaromatic ring. Reaction
conditions and yields are summarised in Table 1.

Scheme 1
N MWI
j\ + ArOK ——>
el DMF
1

2a, Ar = 4-FCgHy; 2b, 2,3-FyCgH3; 2¢, Ar = 2,6-FyCgH3; 2d, Ar = 3-CICgHy;
2e, 2-BrCgHy; 2f, Ar = 2-ICgHy; 2g, Ar = 3-ICgH,; 2h, Ar=4-NCCgHy

N
A
L
N OAr

2a-h

We took the advantage of microwave-assistance in
nucleophilic heteroaromatic substitution reactions for the
synthesis of compounds 2a-h. Under thermal heating
nucleophilic heteroaromatic substitution of 2-chloroquin-
oxaline 1 requires a catalyst (Ag") to assist low nucleo-
philicity of the electron-deficient phenoxide ions [6,7].
Results in Table 1 show very short reaction times and
improved yields in microwave-assisted synthesis
compared to traditional thermal heating. The methodology
is a straightforward and economical procedure for the
synthesis of quinoxalines derivatives 2a-h in good yields
(76-86 %) from common 2-chloroquinoxaline
intermediate 1. Our experimental results prove that MWI
is extremely convenient for the preparation of such kind
of heterocyclic compound. Preparation of compounds
2a-h uses readily available starting material and simple
experimental and work-up procedures. In the crude
reaction mixtures no by-products were detected by
chromatography. It has been previously reported [11] that
when 2-chloroquinoxaline 1 is treated with a sodium
aryloxide in an excess of phenol and its homologues, a
mixture of the expected quinoxalinyl ether and the
corresponding benzofuro[2,3-b]quinoxaline is obtained.
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Table 1.

Thermal and Microwave Irradiation Conditions and Yield of Products.

Compounds Ar Time

Ah

2a 4-FCH, 4°

2b 2,3-F,C¢H; 2

2c 2,6-F,C¢H; 2

2d 3-CIC¢H, 1.5

2e 2-BrC¢H, 4°

2f 2-IC{H, 2

2g 3-IC{H, 2

2h 4-NCC¢H, 5°

[a] Isolated yield. [b] Ref. 6.

However, no cyclised material was obtained in the
synthesis procedure described here. New 2-substituted
quinoxalines, 2b-d, 2f, 2g, are stable compounds property
which makes them useful substances in drug research. In
all cases, any remaining starting material 2-chloro-
quinoxaline 1 could be easily removed by sublimation.

Five unknown quinoxaline derivatives 2b-d, 2f and 2g
were characterized on the basis of their elemental
analysis, ms, 'H nmr and ir spectral data. The synthesis of
2a, 2e and 2h was earlier reported by us [6] under thermal
conditions and are now prepared under MWI. All
compounds were obtained in high purity as indicated by
TLC and spectral analysis.

EXPERIMENTAL

2-Choroquinoxaline 1 was prepared according to the literature
method by Castle and Onda [12]. Ir spectra were obtained on a
Bruker, Tensor 27 instrument. 'H rmn spectra were recorded at
room temperature on a Jeol Eclipse + 400 NMR spectrometer.
Mass spectra were determined on a Jeol JMS-AXS05WA
spectrometer. Melting points (mp) in °C are uncorrected.

General Procedure for the Synthesis of Quinoxaline
Derivatives (2a-h) Under Thermal Conditions. A typical
procedure is a follows: 2-chloroquinoxaline 1 (2-4 mmol) and a
catalytic amount of AgNO, were added to a solution of
equivalent amounts of KOH (2-4 mmol) and the corresponding
phenol derivative in 8 mL of N,N-dimethylformamide (DMF).
The resulting mixture was stirred under reflux condition for the
appropriate time according to Table 1. The progress of the
reaction was monitored by TLC, hexane-ethyl acetate (7:3). The
reaction mixture was cooled to room temperature, filtered, and
the solution poured onto cold water. The resulting solid was
collected by filtration, washed with water, dried in vacuum and
recrystallized from chloroform to yield the desired product.

General Procedure for the Synthesis of Quinoxaline
Derivatives (2a-h) Under Microwave Irradiation. 2-
Chloroquinoxaline 1 (2-3 mmol) was added to a mixture of
equimolar amounts of KOH (2-3 mmol) and the corresponding
phenol previously dissolved in DMF (2 mL). The mixture was
placed into a pyrex-glass open vessel and irradiated
intermittently at 20s intervals at 700 W in a domestic

Yield®
MWI, s A, % MWI, %
30 64 85
30 63 78
60 45 70
20 65 79
30 68 76
30 56 86
30 57 84
60 76 85

microwave oven (2450 MHz) for the appropriate time according
to Table 1. The reaction mixture was allowed to reach room
temperature and poured onto crushed ice. The precipitate was
collected by filtration, washed with water, dried under vacuum
and recrystallized from chloroform to afford the desired
products.

2-(2,3-Difluorophenoxy)quinoxaline (2b). This compound
was obtained as a white solid, mp = 139-140 °C; ir (potassium
bromide): 3047, 1576, 1306, 1265, 1211 cm™; '"H nmr (CDCl,)
6: 7.15 (m, 3H, 2'-H, 3'-H, 4'-H), 7.69 (m, 2H, 6-H, 7-H), 7.73
(dd, 1H, 5-H, J= 1.8, 8.1 Hz), 8.08 (dd, 1H, 8-H, J = 1.8, 7.7
Hz), 8.77 (s, 1H, 3-H); °C nmr (CDCL,) §: 114.5, 119.0, 123.6,
127.0, 127.9, 129.1, 130.7, 138.3, 139.8, 140.0, 141.5, 143.5,
151.0, 155.9; ms: m/z = 258 (M"), 239 (M*-F), 230 (M*-CH,N),
129 M*- OCH; F,), 102 (129-HCN). Anal. Calcd. for
C,H;N,OF,: C, 67.70; H, 3.12; N, 10.85; F, 14.71. Found: C,
67.69 ; H, 3.16; N, 10.80; F, 14.68.

2-(2,6-Difluorophenoxy)quinoxaline (2c¢). This compound
was obtained as a light brown solid, mp = 140-141 °C; ir
(potassium bromide): 3060, 1577, 1501, 1213, 1014 cm™; '"H nmr
(CDCly) 8: 7.04 (m, 2H, 3'-H, 5'-H), 7.21 (m, 1H, 4"-H), 7.62 (m,
2H, 6-H, 7-H), 7.70 (m, 1 H, 5-H), 8.07 (m, 1H, 8-H), 8.83 (s, 1H,
3-H); *C nmr (CDCl,) 8: 112.2, 112.6, 126.2, 127.8, 129.1, 130.6,
138.1, 139.8, 140.1, 154.7, 155.4, 157.2; ms: m/z = 258 (M*), 239
(M*-F), 129 (M*-OCH,F,), 102 (129-HCN ), 76 (102-CN). Anal.
Calcd. for C,H¢N,OF,: C, 67.70; H, 3.12; N, 10.85; F, 14.71.
Found: C, 67.73; H, 3.10; N, 10.81; F, 14.70.

2-(3-Chlorophenoxy)quinoxaline (2d). This compound was
obtained as light yellow solid, mp = 74-75 °C.; ir (potassium
bromide): 3070, 1588, 1498, 1135, 1072, 784; 'H nmr (CDCl,)
6: 7.19 (m, 1H, 5'-H), 7.26 (m, 1H, 4'-H), 7.35 (m, 2H, 2'-H, 6'-
H), 7.64 (m, 2H, 6-H, 7-H), 7.77 (dd, 1H, 5-H,J = 0.7, 7.7), 8.06
(dd, 1H, 8-H, J = 1.4, 8.4 Hz), 8.69 (s, 1H, 3-H); *C nmr
(CDClLy) 6: 119.8, 122.1, 125.8, 127.8, 129.1, 130.4, 130.6,
134.9, 139.1, 139.9, 153.3, 156.5; ms: m/z = 256 (M*); 228 (M*-
HCN); 129 M*-OCH,Cl); 102 (129-HCN); 76 (102-CN). Anal.
Calcd. for C,,H,N,OCI: C,65.51; H, 3.53; N, 10.91. Found: C,
65.52; H, 3.48; N, 10.94.

2-(2-Iodophenoxy)quinoxaline (2f). This compound was
obtained as a brown solid, mp = 83-84 °C; ir (potassium
bromide): 3058, 1569, 1500, 1224, 1136, 594 cm'; 'H nmr
(CDCly) &: 7.05 (m, 1H, 6'-H), 7.28 (m, 1H, 4'-H), 7.45 (m, 1H,
5'-H), 7.64 (m, 2H, 6-H, 7-H), 7.73 (m, 1H, 3'-H), 7.91 (dd, 1H,
5-H,J = 1.5, 8.0 Hz), 8.07 (m, 1H, 8-H), 8.76 (s, 1H, 3-H); *C
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nmr (CDCl,) 6: 90.7, 123.4, 127.4, 127.7, 127.9, 129.0, 129.6,
130.5, 139.2, 139.9, 140.0, 153.0, 156.3; ms: m/z = 348 [M'],
221(M*-1), 129 (M*-OCH,I), 102 (129-HCN), 76 (102-CN), 50
(76-C,H,). Anal. Calcd. for C,,H\N,OI: C, 48.30; H, 2.61; N,
8.05;1, 36.45. Found: C, 48.01; H, 2.68; N, 8.28; I, 36.02.
2-(3-Iodophenoxy)quinoxaline (2g). This compound was
obtained as a yellow crystalline solid, mp = 74-75. ir (potassium
bromide): 3050, 1569, 1498, 1212, 661 cm”; 'H nmr (CDCl,)
0:7.18 (t, 1H, 6-H, ] = 8.0 Hz), 7.27 (m, 1H, 7-H), 7.64 (m, 4H, 2"-
H, 4-H, 5'-H, 6-H), 7.78 (dd, 1H, 5-H, J = 1.4, 8.2 Hz), 8.06 (dd,
1H, 8-H, J= 1.4, 8.0), 8.69 (s, 1H, 3-H); *C nmr (CDCl,) §: 93.9,
121.1, 127.8, 129.1, 1294, 130.7, 131.0, 134.6, 139.0, 1399,
153.1, 156.5; ms: m/z = 348 (M*), 320 (33, M*-CH,N), 221 (M*-
I), 129 M*-OC(H,I), 102 (129-HCN), 76 (M*-C,HN,Cl), 50 (76-
C,H,). Anal. Calcd. for C,,H,N,OI: C, 48.30; H, 2.61; N, 8.05; I,
36.45. Found: C, 48.01; H, 2.65; N, 8.26; 1, 36.02.
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