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ABSTRACT

The quinoxaline derivatives (4a,b) and (8) were synthesized by reaction of pyruvic acid and isatine with o-
phenylenediamine and 3,4-diaminophenol. The synthesized quinoxalines were reacted with formaldehyde and 4-
aminobenzoic acid to yield Mannch products (5a,b) and (9). Condensation of (5ab) and (9) with o-
phenylenediamine yield the quinoxaline benzimidazole derivatives (6a,b) and (10). All reaction carried out by using
conventional method and heating by microwave.

INTRODUCTION

The synthesis and chemistry of quinoxalines hatmcaed c0n3|derable attention in the past tensyezﬁome of
them exh|b|t biological actlvmes including amIFaI antl bactenal anti- mflammatory, anti- protozoal anti-
cancer(colon cancer therap|esant| depressantanu HIV and as kinase |nh|b|tors They are also used in the

agricultural field as fungicides, herbicides, anslelct|C|des Also, quinoxaline moieties are present in the $tmec
of various antibiotics such as echinomycin, levoimyand actinoleutin, which are known to inhibit theowth of
13

gram positive bacteria and they are active agauasious transplantable tumorsin addition, quinoxaline
derivatives have also found applications in dl;esefficient electron luminescent materi<'i1?sl,6 organic
semiconductorg, chemically controllable switchelg,building blocks for the synthesis of anion recea%gr
cavitandsz,oﬁnd dehydoannulenélsThey also serve as useful rigid subunits in maalcyeceptors in molecular

recognition. Numerous methods are available for the synthegigjuinoxaline derlvat|ves WhICh involve
22

condensation of 1,2- dlammes withdiketones, 1,4-addition of 1,2-diamines to d|azenylbutenesycllzat|on—
26-31

oxidation of phenacyl bromldesand oxidative coupling of epoxides with ene-1,2qdizes.
MATERIALS AND METHODS

Melting points were determined in open glass capdk on a Stuart digital, MP8elting point apparatus and were
uncorrected. |.R. spectra were recorded on a BrERéR- Spectrophotometer. NMR spectra were recomted
Bruker spectrometersH NMR spectra were recorded at 600.1 MHz &@INMR at 150.9 MHz. using TMS as an
internal standard. Chemical shifts were expressed épm) units. Mass spectra were recorded on Shimadz
GCMS-QP1000EX using an inlet type at 70 eV. Therblianalytical Center of Cairo University performta
microanalyses. Microwave reactions were performét & Millstone Organic Synthesis Unit (MicroSYNTvith
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touch control terminal) with a continuous focusetrowave power delivery system in a pressure glessels

(12mL) and (50mL) sealed with a septum under magrstirring. The temperature of the reaction migtwras

monitored using a calibrated infrared temperatamatrol under the reaction vessel, and control efghessure was
performed with a pressure sensor connected tcehtens of the vessel.

Synthesis of 3,4-diaminophenol (2b). 4-amino-3-nitrophenol 1§ (3g, 16.3mmol) was added to the 40 ml of
concentrated hydrochloric acid solution of starmohloride (169, 57.5 mmol) at 75°C to reducerniti® groups.
After heating in microwave at 120 C for 10 min. Teution was evaporated ro 15 ml. White crystal3ef-
diaminophenol hydrochloridel) was obtained by addition of tetrahydro furanhe solution yield 79%.

Synthesisof 3-methylquinoxaline-2(1H)-one (4a):

Hydrochloric acid 6N (30ml) was added to a mixtafepyruvic (0.88g, 10mmol) acid and o-phenylenediam
(1.08g, 10mmol). The reaction mixture was heatedLfbmin on hot plate. The resulting yellow prétzifed was
poured into water (100 ml) and filtered off, washwater and dried. The product was recrystallizatiy using
ethanol to give 4a) as a yellow crystals, (1.1g, 69.2%) yield, m253- 254° C.'H-NMR, (CDCk); & 2.6
(s,3H,CH), 7.35 (m,2H,H-Ar); 7.5 (dd,1H, J=7.2, 7.8, H-AR;8 (d,1H, J=8.4,H-Ar), 11.79 (s,1H, NHJC-NMR
(CDCly); 21.2 (q,CH), 115.3 (d, C-8), 123.6 (d, C-7), 125.8 (d, c]®9.2 (d,C-6), 131.7 (s, C-10), 133.7 (s, C-9),
154.6 (s, C-3), 156.1 (s, C-2). IR 3300, 3066,129%71, 1599, 1519, 1361, 1312, 1228, 1079, 894, 865 crit.
Anals. GHgN,O Calc. C: 67.49; H: 5.03; N:17.49. Found: C:671356.14 ; N: 17.33.

Synthesis of 6-hydroxy-3-methylquinoxaline-2(1H)-one (4b):

The compound4b) was obtained as a yellow crystals (1.18g, 66étdyifrom 1.2g (10mmol) of2p) as described
for synthesis of4a), m. p. 210-211°C. The product was crystallizearfrethanol water (1:13H-NMR, (CDCL); &
2.6 (s,3H,CH), 6.6 (s,1H,H-Ar); 6.84 (d,1H, J=8.3, H-Ar); 7.8 1H,H-Ar), 7.5 (d, 1H, J= 8.3, H-Ar) 11.6 (s,1H,
NH). *C-NMR (CDCEk); 20.3 (q,CH), 110.2 (d), 112.6 (d), 117.8 (s), 120.1 (d), 94@&), 161.2 (s), 161.5 (s),
16403 (s). Anals. §HgN,O, Calc. C: 61.36, H: 4.58; N:15.90 ;. Found: C:61,.254.67 ; N: 15.87.

Synthesisof 4-{[-3-methyl-2-oxoquinoxaline-1(2H) methyl]amino-}benzoic acid (5a):

Method (A)

To a mixture of 4a) (0.5g, 3.1mml) and formaldehyde (5ml) 4-aminatma acid (0.425¢g, 3.1mmol) in ethanol (10
ml) was added. The reaction mixture was refluxdib8rs, pour into water. The precipitated was #&teoff and
dried. The product was recrystallized by using eth#o give 6a) (0.68g, 70 %) yield, m.p. 237-239°C.

Method (B)
The same reactants dfethod A were heated in microwave oven at 500 W and 120?C1l%omin. The reaction
mixture was treated in a similar manneMsethod A to obtaincompound$ain 92% yield.

'H-NMR, (CDCk+ DMSO-d); & 2.51 (s,3H,CH), 3.6 (d, 1H, J= 12.6, GH 3.91 (s, 1H, OH), 4.3 (d, 1H, J= 12.6,
CH,), 7.1 (d, 1H, J= 8.4, H-Ar); 7.3 (t, 1H, J=7.2 A}, 7.34 (d, 1H, J= 7.8, H-Ar), 7.46 (t, 1H, J=7228, H-Ar),
7.78 (d, 1H, J= 7.8, H-Ar), 7.89 (d, 1H, J= 8.4,Id;A12.39 (s,1H, NH)**C-NMR (CDCk+ DMSO-d;); 5 34.96
(9,CHs), 50.89 (d, CH), 114.76 (d, C-Ar), 115.5 (s, C-Ar), 120.87 (dAQ; 123.2 (d, C-Ar), 128.56 (d, C-Ar),
129.79 (s, C-Ar), 131.2 (d, C-Ar), 131.6 (s,C-A}31.97 (s, C-Ar), 152.1 (s, c-Ar), 154.68 (s, CFBA58.99 (s,
C=0), 167.8 (s, C=0). IR 3300-2600 (brs), , 16707, 1525, 1474, 1367, 1318, 1238, 1087, 897, 823,cm".
The molecular ion peak at m/z 309 (9.2%). AnalgHGN;O; Calc. C: 66.01, H: 4.89; N:13.58; Found: C:66.23 ,
H:5.02 ; N: 13.48.

Synthesisof 4-{[6-hydroxy-3-methyl-2-oxoquinoxaline-1(2H) methyl]amino-}benzoic acid (5b):

Method (A)

The compound5b) was obtained as a white crystals (0.71g, 70%)yfeom 0.55g (3.1mmol) of4b) as described
for synthesis of%a) by Method A and (0.91g, 90% vyield) by usingethod B, m. p. 245-246°C. The product was
crystallized from ethanol.

H-NMR, (DMSO-d); & 2.51 (s,3H,CH), 3.6 (d, 1H, J=12.5, GH| 5.1 (s, 1H, OH), 4.3 (d, 1H, J= 12.5, §H7.0

(d, 1H, J= 8.4, H-Ar); 7.2 (t, 1H, J=7.2, H-Arn)47(d, 1H, J= 7.8, H-Ar), 7.7 (d, 1H, J= 7.8, H-AN8 (d, 1H, J=
8.4,H-Ar), 12.4 (s,2H, NH,OH)>C-NMR (DMSO-@d); § 34.96 (q,CH), 50.89 (d, CH), 114.76 (d, C-Ar), 115.5 (s,
C-Ar), 120.87 (d, C-Ar), 123.2 (d, C-Ar), 128.56, (@-Ar), 129.79 (s, C-Ar), 131.2 (d, C-Ar), 131.6,C-Ar),
131.97 (s, C-Ar), 152.1 (s, c-Ar), 154.68 (s, C;AtH8.99 (s, C=0), 167.8 (s, C=0). IR 3300-260&)bt677,
1647, 1598, 1521, 1473, 1366, 1317, 1230, 1080, 898, 770 cm. The molecular ion peak at m/z 323 (12.5%).
Anals. G;H15N30, Calc. C: 62.67; H: 4.65; N:12.92; Found: C:62.8%.1; N: 12.86.
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Synthesis of 1-({[4-(1H-benz midazol-2-yl)phenyl]amino}methyl)-3-methyl quinoxa-line-2(1H)-one (6a).

Method (A)

To a mixture of $a) (2.0g, 6.5mml), and o-phenylenediamine (0.7§n®nol), 6N hydrochloric acid (50ml) was
added. The reaction mixture was refluxed 7 houosyrgnto water and neutralized with a solution oflism
carbonate. The precipitated formed was filtered ©ffe product was recrystallized by using ethanogive 6a)
(1.82g, 74 %) yield, m.p. 289-291° C.

Method (B)
The same reactants dethod A were heated in microwave oven at 500 W and 120?Q@omin. The reaction
mixture was treated in a similar manneiMethod A to obtain compound8a in 95%.

'H-NMR, (DMSO-d;); & 2.51 (s,3H,CH), 5.1 (s, 2H, Ch), 6.5-8.0 (m, 11H, H-Ar); 11.2 (s,1H, NHY¥C-NMR
(DMSO-d); 6 20.1 (q, CH), 24.50 (q,CH), 52.23 (d, CH), 112.72 (d, C-Ar), 112.9 (d,C-Ar), 113.62 (d, QA
116.1 (d, C-Ar), 116.2 (d, C-Ar), 122.87 (d, C-AtR3.2 (d, C-Ar), 123. 4 (d, C-Ar), 124.8 (d, C-Ar}26.71 (d, C-
Ar), 126.9 (d, C-Ar), 126.9 (s, C-Ar), 127.8 (d,AT), 136.2 (s, C-Ar), 139.6 (s, C-Ar), 139.90 GAr), 140.7 ( s,
C-Ar), 152.2 (s, C-Ar), 157.6 (s, C-Ar), 167.2 5:0). IR 3245, 3082, 2974, 1675, 1601, 1525, 13815, 1230,
1081, 896, 833, 771 cln The molecular ion peak at m/z 381 (7.9%).An@igHgNsO Calc. C: 72.42, H: 5.02;
N:18.36 ;. Found: C:72.28 , H:5.16 ; N: 18.45.

Synthesis of 1-({[4-(6-hydroxy-1H-benzimidazol-2-yl) phenylJamino}-methyl)-3-methylquinoxaline-2(1H)-one
(6by).

The compound@b) was obtained as a white crystals (1.69g, 69%l)yfeom 2.0g (6.2mmol) ofFb) as described
for synthesis of §b) by Method A and (2.25g, 92% vyield) by usingethod B, m. p. >300°C. The product was
crystallized from ethanol.

'H-NMR, (CDCL+ DMSO-d); & 2.3 (s,3H,CH), 2.51 (s,3H,Ch), 4.7 (d, 2H, J= 12.5, G 4.9 (d, 1H, J= 12.5,
CHy), 7.1 (d, 1H, J= 8.4, H-Ar); 7.2- 7.35 (m, 4H, H)A7.34 (d, 1H, J= 7.8, H-Ar), 7.46 (t, 1H, J=7728, H-Ar),
7.58-7.61 (m, 2H, H-Ar), 7.78 (d, 1H, J= 7.8, H-ARM.89 (d, 1H, J= 8.4,H-Ar), 12.14 (s,1H, NHJC-NMR
(CDCls+ DMSO-d); 8 34.96 (q,CH), 50.89 (d, CH), 114.76 (d, C-Ar), 115.5 (s, C-Ar), 116.1 (d, €-A120.87
(d, C-Ar), 123.2 (d, C-Ar), 123. 4 (d, C-Ar), 123&, C-Ar), 128.56 (d, C-Ar), 129.79 (s, C-Ar), 1.3 (d, C-Ar),
131.6 (s,C-Ar), 131.97 (s, C-Ar), 139.7( s, C-AtR9.8 (s, C-Ar), 152.1 (s, C-Ar), 154.68 (s, C;ALp5.8 (s, C-
Ar), 158.99 (s, C=0). IR 3247, 3078, 2976, 16713,61518, 1369, 1319, 1230, 1081, 896, 833, 771 tf3245,
3082, 2974, 1675, 1601, 1525, 1367, 1315, 12303,1887, 835, 773 cth The molecular ion peak at m/z 395
(13.2%).Anals. gH,NsO Calc. C: 72.89, H: 5.35; N:17.71 ;. Found: C:82.H:5.46 ; N: 17.60.

Synthesis of 6H-indolo[2,3-b]quinoaxaline (8)
The compound8) was obtained as a yellow crystals (1.4g, 64%dyifom 1.47g (10mmol) of isatiner) as
described for synthesis ofd), m. p. 275-276°C. The product was crystallizexrfrethanol

The same reactants in synthesis8fwere heated in microwave oven at 500 W and 120P@5anin. The reaction
mixture was treated in a similar manner to obtmimpoundsgtain 87% yield.

'H-NMR, (DMSO-d); & 7.0-701 (m,2H,H-indole), 7.5 (d, 1H, J= 8.2,H-ite)o 7.8 (d, j=8, 1H, H-quinoxaline),
8.1 (d, 1H, J= 8.2, H- quinoxaline), 10.3 (s,1H, NHC-NMR (DMSO-d); 56 116.10, 120.3, 124.6, 124.9, 128.3,
128.9, 129.4, 129.7, 130.3 132.7, 133.2, 133.9,913R 3245, 3082, 1675, 1625, 1525, , 1315, 12881, 896,
833, 771 The molecular ion peak at m/z 219 (8.88fgls. G4HyN3z Calc. C: 76.70, H: 4.14; N:19.17 ;. Found:
76.60, H: 4.21; N:19.20.

Synthesis of 4-(2-(6H-indol o[ 2,3-b]quinoaxaline-6-yl)methylamino)-benzoic acid (9):

The compoundl(0) was obtained as a yellow crystals (0.75g, 74étdyifrom 1.0g (3.01mmol) oBj as described
for synthesis of §a) by Method A and (0.99g, 90% yield) by usirngethod B, m. p. . >300°C. The product was
crystallized from ethanol.

'H-NMR, (DMSO-d); & 5.76 (s,2H,CH), 6.5 (d, 2H, J= 8.7, CH-Ar), 7.2 (s, 1H, OH), Tt41H, J= 8.0, CH-Ar),
7.1 (d, 1H, J= 8.4, H-Ar); 7.4 (m, 2H, H-Ar); 7.6 {H, J= 8.2, 7.0, H-Ar), 7.6 (m, 2H, H-Ar), 7d, (lH, J= 8.7, H-
Ar), 7.89 (t, 1H, J= 8.2,H-Ar), 8.8 (d, 1H, J=810.. 9 (s,1H, NH)**C-NMR (DMSO-d);  53.54 (d, CH), 114.98
(d, C-Ar), 118.5 (d, 2C, C-Ar), 120.77 (d, C-ArR1L6 (s), 122.9 (d,CH), 124.8 (d, C-Ar), 127.22QdAr), 127.56
(d, C-Ar),129.1 (d, C-Ar), 130.7 (d, C-Ar), 132.8,(2C, C-Ar), 136.3 (s, C-Ar), 137.2 (s, C-Ar BalL(s, C-Ar),
150.4 (s, C-Ar), 154.68 (s, C-3Ar), 169.78 (s, C=M 3400-2670 (brs.), 1766, 1622, 1527, , 1318012083,
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893, 831, 770 cthThe molecular ion peak at m/z 368 (11.0%). An@lsH¢N,O, Calc. C: 71.73, H: 4.38; N:15.21
;. Found: C:71.62 , H:4.50; N: 15.14.

Synthesis of N-((6H-indolo[2,3-b]quinoxaline-6-yl)methyl-4-(1H-benzo[ d]imidazo-2-yl)benzenamine (10):

The compound9q) was obtained as a white crystals (0.75g, 74%)yfeom 0.66g (3.01mmol) ofg) as described
for synthesis of @a) by Method A and (0.99g, 90% yield) by usirngethod B, m. p. . >300°C. The product was
crystallized from ethanol.

'H-NMR, (DMSO-d); & 5.76 (s,2H,CH), 6.7-8.3 (m, 16H, CH-Ar), 11. 7 (s,1H, NHYC-NMR (DMSO-@); &
53.54 (d, CH), 114.5 (d, 2C, C-Ar), 115.6 (d, C-Ar), 116.1 @Ar ),116.2 (d, C-Ar ), 120.9 (d, 2C, C-Ar), 122.7
(d, C-Ar), 123.2(d, C-Ar), 123,3(d, C-Ar ),124 @8, (C-Ar ),125.2 (s, C-Ar), 126.4 (s), 127.2 (d, €rAL27.3 (d, C-
An), 127.4 (d, C-Ar),129.3 (d, C-Ar), 130.7 (d, @®)A136.3 (s, C-Ar), 137.4 (s, C-Ar), 137.8 (SAE), 138.2 (s,
C-Ar), 139.7 (s, C-Ar), 139.8 (s, C-Ar), 150.6 5Ar), 151.3 (s, C-3Ar), 152.1 (s, C-Ar). IR 3253084, 2971,
1620, 1529, , 1315, 1233, 1084, 898, 833, 77T drhe molecular ion peak at m/z 404 (6.6%). AnalsH&Ns
Calc. C: 76.35, H: 4.58; N:19.08 ;. Found: C:76154.6; N: 18.9.

RESULTS AND DISCUSSION

Quinoxaline derivatives form a group of generadlgd investigated compounds. However, recently iggpefforts
are made to synthesize and characterize these emupo Many Quinoxaline derivatives possess veoynising
properties regarding biological activities as shawhe literature survey. In the present researchect, we used
the modern microwave technique as well as the attioveal methods to prepare some Quinoxaline- com@su
with expected biological activity.

Scheme (1)
HO NH2  sncl,/HCl MO NH,
—_—
NO, NH,
(1) (2b)
R NH, Oy_-OH Hel R Na-CHs
+ R )
N o}
NH, o CHs H
(2a,b) (3) (4a,b)

a
b, R=OH Q
NH, formaldehyde, MW
HO

R\©:NICH3

o)

N

N N—\ N (2a), HCI o
>\ < HN— >—</j© -~ 5,\.4@_[(

HaC o) N MW oM

(6a,b) (5a,b)
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Reduction of 4-amino-3-nitrophendl)(was occur by using stannous chloride in the presef hydrochloric acid

to give 3,4-diaminophenoRb). The starting materials 3-methylquinoxaline-2(dd#e @a,b) was synthesized by
the reaction of with o-phenylenediaminafb) and pyruvic acid3) in the presence of 6N hydrochloric acid under
microwave heating. The 3-methylquinoxaline-2(1Heda,b) was reacted with formaldehyde and 4-aminobenzoic
acid usingMannch reaction to give 4-{[-3-methyl-2-oxoquinoxalineZH{)methyllamino}benzoic acid5g,b). The
4-{[-3-methyl-2-oxoquinoxaline-1(2H)methyl] amind}enzoic acid §,b) reacted with o-phenylenediamine to give
1-({[4-(1H-benzimidazol-2-yl)phenyllamino}-methyB-methylquinoxaline-2(1H)-one&é,b), Scheme (1).

Reaction of isatine 7) with o-phenylenediamine in the presence of hydlaric acid give the quinoxaline

derivatives 8). Condensation of quinoaxaline &) (with o-phenylenediamine in the presence of hydiaric acid
give the quinoxaline benzimidazole derivativé8)( Scheme 2.

Scheme (2)

0 " N
NH, N N
©i : - |
o Z
HCI N
NH, N
(8)
(7
COOH
MW
HCHO
HoN

L

(10

The microwave as a source of heating used fohsgig the above quinoxalines derivatives. Strustafehe newly
synthesized compounds are proved by using speopismethods such as IBJ-NMR and**C-NMR.

Synthesis of compound$d,b) and (L0) were carried out under two different reaction ditions, namely the
conventional method and microwave irradiation cbads. Thus, when the reaction dfa(b) was carried out in a
refluxing benzoic acid and formaldehyde for 5 lounder TLC control, the produ&d) and(5b) were obtained in
70% and yield. However, when the same reactioncsased out by heating at 120 in a microwave oven for 15
minutes, the yields of5a) and Hb) were 92%, and 90%, respectively. The condemsadf Ga,b) with o-
phenylenediamine and 3,4-diaminophenol in 6N hghliaric acid afforded@a,b) in 74 %, 68% yield, respectively.
However, when the same reaction was carried outdating at 120C in a microwave oven for 15 minutes, the
yields of Ga) and €b) were 95%, and 92%, respectively. Isatiflewas reacted with?@) in 6N hydrochloric acid
afforded B) in 64 % yield, The condensation &) (vith o-phenylenediamine in 6N hydrochloric aaiforded )
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in 74 %, 68% vyield, respectively. However, when #ane reaction was carried out by heating at’@0@d a
microwave oven for 10 minutes, the yields @dY and €b) were 95%, and 90%, respectively. It was therckmted
that using microwave as a source of heat not anpyroves the reaction yield, but also significaméguces reaction
time. IR, Mass and NMR spectra of compourslf), (6a,b), (7) and (0) agreed with the proposed structure.

Antimicrobial activity

The antimicrobial screening procedure of the sysiteel compounds as 0.1%solution in DMF was invasgtid) by
the disk diffusion method, the antibiotic Assay huets as well as the microbial strains used forbibassay were
illustrated TABLE 1. From the data shown in TABLER is clear that; the synthesized compounds wereerally
devoid of activity towards the tested gram negaltizeteria Klebsiella pneumoniae, Escherichia coli, Pesudomonas
aeroginosa and Proteus vulgaris). Compoundg(6), (7), (9) and (10) are active towards the tested gram-positive
bacteria Bacillus subtilis, Saphylococcus aureus) Yeast Candida albicans, Candida tropicals).

TABLL 1 Microbial strains using for investigating t he antimicrobial activities

Microbial strain NRRL strain ? Classification Culture medium
Air-born bacteria

1- Bacillus subtilis NRS-744 Gram-positive Nerit agar medium
Human-pathogenic bacteria

2-Saphylococcus aureus B-767 Gram-positive

3-Klebsidlla pneumoniae B-17232 Gram-negative

4- Escherichia coli B-3704 Gram-negative Nutrient agar medium
5- Pseudomonas aeroginosa B-23 Gram-negative

6- Proteus valgaris B-123 Gram-negative

Human-pathogenic yeasts

7- Candida albicans Y-477 Yeast Sabaroud dextrose agar
8- Candida tropicals Yeast

®NRRL= Northern Regional Research Laboratory, U.S. Department of Agriculture, Peoria, Illinois, USA

TABLE 2 Antimicrobial activities of some synthesiscompounds

Gram-positive Gram- negative Yeast

No Bacillus Staphylococcus — Klebsiella Escherichia Pseudomonas Proteus- Candida Candida
subfili aureus preumoniae  coli aeroginosa valgaris albicans tropicals
da + + + + + o
4b + -- - - - - - -
5a + - - - - - + o+

Sh o+ ++ ++ ++ + =+

fba ++ ++ - - _ _ 4 o
ob ++ ++ . _ _ i} a4

10

Date represent zones of inhibition (mm) as follows: - 0 mm, + 1-10 mm, ++ 10-15 mm, +++ 15-10 mm.
CONCLUSION

In summary, this present procedure for the premratf quinoxalines from aryl- 1,2-diamines and-tljRetones by
using microwave as a modern technique for heafiing advantages of this method are extremely midtien
conditions, short reaction times, high yields, demgxperimental and isolation procedures, and camgé with the
green chemistry protocols.
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