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ABSTRACT

The quinoxaline derivatives (4a,b) and (8) were synthesized by reaction of pyruvic acid and isatine with o-phe-
nylenediamine and 3,4-diaminophenol. The synthesized quinoxalineswere reacted with formal dehede and 4-amino
benzoic acid to yield Mannch products (5a,b) and (9). Condensation of (5a,b) and (9)with o-phenylenediamine
yield the quinoxaline benzimidazole derivatives (6a,b) and (10). All reaction carried out by using conventional

method and hating by microwave.

INTRODUCTION

Thesynthesisand chemistry of quinoxalineshave
attracted considerable attention in the past ten
yeard®3, Someof them exhibit biological activitiesin-
cluding anti-viral®®, anti-bacterial, anti-inflamma-
tory®™, anti-protozoal'®, anti-cancer” (col on cancer
therapies)®, anti-depressant!¥, anti-HIV®, and aski-
naseinhibitorg, They arealso used inthe agricul-
tural field asfungicides, herbicides, andinsecticides™.
Also, quinoxalinemoietiesare present inthe structure
of variousantibioticssuch asechinomycin, levomycin
and actinoleutin, which areknown toinhibit thegrowth
of gram positive bacteriaand they are active against
various transplantable tumors*®. In addition,
quinoxaline derivatives havea so found applications
indyes*, efficient electron luminescent materia §519,
organic semiconductorg®”, chemically controllable
switches*®, building blocksfor the synthesisof anion
receptord?¥, cavitands?”, and dehydoannulenes?,
They dso serveasuseful rigid subunitsin macrocyclic
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receptors in molecular recognition®. Numerous
methods areavailablefor the synthesisof quinoxaine
derivativeswhichinvolvecondensation of 1,2-diamines
with a-diketones??, 1,4-addition of 1,2-diaminesto
diazenylbutenes?!, cyclization-oxidation of phenacyl
bromides? and oxidative coupling of epoxideswith
ene-1,2-diamines?,

EXPEREMENTS

Mdlting pointsweredetermined in open glasscap-
illariesonaStuart digital, MPSmelting point gpparatus
and were uncorrected. |.R. spectrawererecorded on
a Bruker FTIR- Spectrophotometer. NMR spectra
were recorded on a Bruker spectrometers. *H NMR
spectrawere recorded at 600.1 MHz and *C NMR
at 150.9 MHz. using TMS as an internal standard.
Chemica shiftswereexpressed aso (ppm) units. Mass
spectra were recorded on Shimadzu GCMS-
QP1000EX using aninlet typeat 70 €V. The Micro
analytical Center of Cairo University performed the
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microanayses. Microwavereactionswere performed
withaMillstone Organic SynthessUnit (MicroSYNTH
withtouch control termind) with acontinuousfocused
microwave power delivery systemin apressureglass
vessals(12mL) and (50mL ) seal ed with aseptum un-
der magnetic ftirring. Thetemperature of thereaction
mixturewas monitored usng acdibrated infrared tem-
perature control under thereaction vessdl, and control
of the pressure was performed with a pressure sensor
connected to the septum of thevessdl.

Synthesisof 3,4-diaminophenal (2b)

4-amino-3-nitrophenol (1) (3g, 16.3mmol) was
added tothe 40 ml of concentrated hydrochloric acid
solution of stannouschloride (16g, 57.5mmol) a 75°C
to reducethenitro groups. After heating in microwave
at 120 Cfor 10 min. The sulution was evaporated ro
15ml. Whitecrystd of 3,4-diaminophenol hydrochlo-
ride (2b) was obtained by addition of tetrahydro furan
tothesolutionyield 79%.

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

Toamixtureof pyruvic (0.88g, 10mmol) acid and
0-phenylenediamin (1.08g, 10mmol) add hydrochloric
acid 6N (30ml). Thereaction mixturewas heated for
10 min on hot plate. Theresulting yellow preci pitated
was poured into water (100 ml) andfiltered off, wash
by water and dried. The product wasrecrystallization
using ethanol to give (4a) asayellow crystals, (1.1g,
69.2%) yield, m.p. 253- 254° C. 'H-NMR, (CDCl,);
6 2.6 (s,3H,CH,), 7.35 (m,2H,H-Ar); 7.5 (dd,1H,
J7.2, 7.8, H-Ar); 7.8 (d,1H, J=8.4,H-Ar), 11.79
(s,1H,NH). ®*C-NMR (CDCl,); 21.2(q,CH,), 115.3
(d, C-8), 123.6 (d, C-7), 125.8 (d, ¢-5), 129.2 (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, 2951, 1671, 1599,
1519, 1361, 1312, 1228, 1079, 894, 837, 765 cmr™.
Anas. CHN,O Calc. C: 67.49, H: 5.03; N:17.49 ;.
Found: C:67.31,H:5.14; N: 17.33.

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

Thecompound (4b) wasobtained asayellow crys-
tals (1.18g, 66% yield) from 1.2g (10mL) of (2b) as
described for synthesisof (4a), m. p. 210-211°C. The
product was crystd lized from ethanol water (1:1). *H-
NMR, (CDCl,); 6 2.6 (s,3H,CH,), 6.6 (s,1H,H-Ar);
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6.84 (d,1H, J=8.3, H-Ar); 7.2 (s,1H,H-Ar), 7.5 (d,
1H, J= 8.3, H-Ar) 11.6 (s,1H, NH). B®C-NMR
(CDCl,); 20.3 (9,CH,), 110.2 (d), 112.6 (d), 117.8
(s), 120.1 (d), 142.9 (s), 161.2 (s), 161.5(s), 16403
(8).Ands. CH.N,O, Cac. C: 61.36, H: 4.58; N:15.90
.. Found: C:61.25,H:4.67 ; N: 15.87.

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

Toamixtureof (4a) (0.5g, 3.1mml) and formal de-
hyde (5ml) 4-aminobenzoicacid (0.425g, 3.1mmoal) in
ethanol (10 ml) wasadded. Thereaction mixturewas
refluxed 8 hours, pour into water. The precipitated was
filtered off and dried. The product wasrecrystallized
by using ethanol to give (5a) (0.68g, 70 %) yield, m.p.
237-239°C.

(b) Method (B)

The same reactants of Method A were heated in
microwave oven at 500 W and 120°C for 15 min. The
reaction mixture was treated in asimilar manner to
Method A to obtain compounds 5ain 92%yield. *H-
NMR, (CDCI,+ DMSO-d,); 6 2.51 (s,3H,CH,), 3.6
(d, 1H,J=12.6,CH,), 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, H-Ar); 7.34 (d, 1H, J= 7.8, H-Ar), 7.46 (t,
1H, J=7.2. 7.8, H-Ar), 7.78 (d, 1H, J= 7.8, H-Ar),
7.89 (d, 1H, J= 8.4,H-Ar), 12.39 (s,1H, NH). 2C-
NMR (CDCI_+ DMSO-d)); 6 34.96 (9,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 (d, C-Ar), 129.79
(s, C-Ar), 131.2 (d, C-Ar), 131.6 (s,C-Ar), 131.97
(s, C-Ar), 152.1 (s, c-Ar), 154.68 (s, C-3Ar), 158.99
(s,C=0), 167.8 (s, C=0). IR 3300-2600 (brs), 1671,
1599, 1519, 1472, 1361, 1312, 1228, 1079, 894, 837,
765 cmrt. Themolecular ion peak & m/z (9.2%). Andls.
C,H,N,O,Cac. C:66.01, H: 4.89; N:13.58; Found:
C:66.23, H:5.02; N: 13.48.

Synthesis of 4-{[6-hydroxy-3-methyl-2-
oxoquinoxaline-1(2H) methyl]amino-}benzoicacid
(5b)

The compound (5b) was obtained asawhitecrys-
tals(0.71g, 70% yield) from 0.55g (3.1mmol) of (4b)
as described for synthesis of (5a), m. p. 245-246°C.
The product wascrystallized from ethanal.
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The same reactants of Method A were heated in
microwave oven at 500 W and 120°C for 15 min.
Thereaction mixturewastreated inasimilar manner
to Method A to obtain compounds 5b in 90% yield.
'H-NMR, (DMSO-d,); 6 2.51 (s,3H,CH,), 3.6 (d,
1H,J=12.5,CH,), 5.1 (s, 1H, OH), 4.3 (d, 1H, J=
12.5,CH,), 7.0 (d, 1H, J= 8.4, H-Ar); 7.2 (t, 1H,
J=7.2,H-Ar); 7.4(d, 1H, J= 7.8, H-Ar), 7.7 (d, 1H,
J=7.8,H-Ar),7.8(d, 1H, J=8.4,H-Ar), 12.4 (s,2H,
NH,OH). ®*C-NMR (DMSO-d,); 5 34.96 (9,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 (d, C-
Ar), 129.79 (s, C-Ar), 131.2 (d, C-Ar), 131.6 (s,C-
Ar), 131.97 (s, C-Ar), 152.1 (s, c-Ar), 154.68 (s,
C-Ar), 158.99 (s, C=0), 167.8 (s, C=0). IR 3300-
2600 (brs), 1671, 1646, 1599, 1519, 1472, 1361,
1312, 1228, 1079, 894, 837, 765 cm. The molecu-
larion peak a m/z (12.5%). Anals. C H,.N.O, Calc.
C:62.67,H: 4.65; N:12.92; Found: C:62.59, H:5.1;
N: 12.86.

Synthesis of 1-({[4-(1H-benzimidazol-2-
yl)phenyl]lamino} methyl)-3-methylquinoxa-line-
2(1H)-one(6a)

The compound (6a) was obtained aswhitecrystas
as(1.73g, 70%yield) from 2.0g, (6.5 mml) of (5a) as
described for synthesis of (4a) by Method (A); m.p.
289-291°C.

The same reactants of Method A were heated in
microwave oven at 500 W and 140°C for 15 min. The
reaction mixture was treated in asimilar manner to
Method A to obtain compounds 6ain 95% yield. *H-
NMR, (CDCI,+ DMSO-d)); 6 2.51 (s,3H,CH,), 3.7
(d,1H,J=125,CH,),49(d, 1H,J=125,CH,), 7.1
(d, 1H, >=8.4,H-Ar); 7.2- 7.35(m, 4H, H-Ar); 7.34
(d,1H, J=7.8,H-Ar), 7.46 (t, 1H, J=7.2. 7.8, H-Ar),
7.58-7.61 (m, 2h, H-Ar), 7.78 (d, 1H, J= 7.8, H-Ar),
7.89 (d, 1H, J= 8.4,H-Ar), 12.14 (s,2H, NH). BC-
NMR (CDCI_+ DMSO-d)); 6 34.96 (9,CH,), 50.89
(d, CH,), 114.76 (d, C-Ar), 1155 (s, C-Ar), 116.1
(d, C-Ar), 116.2 (d, C-Ar), 120.87 (d, C-Ar), 123.2
(d, C-Ar), 123. 4 (d, C-Ar), 123.5(d, C-Ar), 128.56
(d, C-Ar), 129.79 (s, C-Ar), 131.2 (d, C-Ar), 131.6
(s,C-Ar), 131.97(s, C-Ar), 139.7(s, C-Ar), 139.8 (s,
C-Ar),152.1 (s, c-Ar), 154.68 (s, C-3Ar), 158.99 (s,
C=0), 167.8 (s, C=0). IR 3400-2850 (brs), 1679,
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1602, 1525, 1367, 1315, 1230, 1081, 896, 833, 771
cmt. Anals. C,H,N.O Cac. C: 72.42, H: 5.02;
N:18.36 ;. Found: C:72.28, H:5.16; N: 18.45.

Synthesisof 1-({[4-(6-hydr oxy-1H-benzimidazol-2-
yl) phenyl]amino}-methyl)-3-methylquinoxaline-
2(1H)-one(6b)

(&) Method (A)

The compound (6b) was obtained aswhite crys-
talsas (1.73g, 70 % yield) from 2.0g, (6.5 mml) of
(5b) asdescribed for synthesisof (4b) by Method (A);
m.p. >300°C.

The same reactants of Method A were heated in
microwaveoven at 500 W and 120°C for 15 min. The
reaction mixture was treated in asimilar manner to
Method A to obtain compounds 6b in 2.37g (92%)
yield. *H-NMR, (CDCI,+ DMSO-d,); & 2.51
(s3H,CH,),3.7(d, 1H, = 12.5,CH,), 4.9(d, 1H, =
12.5,CH,), 7.1(d, 1H, J= 8.4, H-Ar); 7.2- 7.35 (m,
4H, H-Ar); 7.34 (d, 1H, J= 7.8, H-Ar), 7.46 (t, 1H,
J=7.2.7.8, H-Ar), 7.58-7.61 (m, 2h, H-Ar), 7.78 (d,
1H, J=7.8, H-Ar), 7.89 (d, 1H, J=8.4,H-Ar), 12.14
(s,1H, NH). *C-NMR (CDCI_+ DMSO-d,); 6 34.96
(9,CH,), 50.89 (d, CH,), 114.76 (d, C-Ar), 115.5(s,
C-Ar), 116.1 (d, C-Ar), 120.87 (d, C-Ar), 123.2 (d,
C-Ar), 123.4(d, C-Ar), 123.5(d, C-Ar), 128.56 (d,
C-Ar), 129.79(s, C-Ar), 131.2(d, C-Ar), 131.6 (s,C-
Ar), 131.97 (s, C-Ar), 139.7(s, C-Ar), 139.8 (s, C-
Ar), 152.1 (s, C-Ar), 154.68 (s, C-Ar), .8 (s, C-Ar),
155158.99 (s, C=0), 167.8 (s, C=0). Anals.
C,,H,,N.OCac.C: 72.42,H:5.02;N:18.36 ;. Found:

23" 19

C:72.28,H:5.16; N: 18.45.
Synthesisof 6H-indolo[2,3-b]quinocaxaline(8)
(&) Method (A)

Isatine (1.47g, 10moml) wasadded into asolution
of o-phenylenediamin (1.08g, 10mmoal) in6N hydrochlo-
ricacid (20ml). Thereaction mixturewasrefluxingfor 6
hour. Theformed precipitated wasfiltered off and crys-
tallized fromethanol togive(8) in64%yidd, m.p. C.
(b) Method (B)

Isatine (1.47g, 10moml) was added into asolu-
tion of o-phenylenediamin (1.08g, 10mmoal) in 6N hy-
drochloric acid (20ml). The reaction mixture was
heated under microwave (500 W) for 15 min. The
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formed precipitated wasfiltered off and crystallized
from ethanol to give (12) in 87 % yield, m.p. C. *H-
NMR, (DMSO-d,); 6 7.0-701 (m,2H,H-indole), 7.5
(d, 1H, J= 8.2,H-indole), 7.8 (d, j=8, 1H, H-
quinoxadine), 8.1(d, 1H, J= 8.2, H- quinoxaine), 10.3
(s,1H, NH). *C-NMR (DMS0O-d)); 6 116.10, 120.3,
124.6, 124.9, 128.3, 128.9, 129.4, 129.7, 130.3
132.7, 133.2, 133.9, 139.9. Anals. C H/N, Calc.
C:76.70,H: 4.14; N:19.17 ;. Found: 76.60, H: 4.21,
N:19.20.

Synthesisof 4-(2-(6H-indolo[2,3-b]quinocaxaline-6-
yl)methylamino)-benzoic acid (9)
(&) Method (A)

Toamixtureof (8) (0.66g, 3.1mml), forma dehyde
(5ml) add 4-aminobenzoicacid (0.425g, 3.1mmol) and
ethanol (10ml). Thereaction mixturewasrefluxed 4
hours, pour into water. The preci ptated wasfiltered off
and dryed. The product was recrystallezed by using
ethaonl togive(9) 74%C.

(b) Method (B)

Toamixtureof (8) (0.66g, 3.1mml), formalde-
hyde (5ml) add 4-aminobenzoic acid (0.425g,
3.1mmol) and ethanol (10ml). Thereaction mixture
was heated under microwave (500 w) for 15 minutes,
pour the reaction mixtureinto water. The preciptated
was filtered off and dryed. The product was
recrystallezed by using ethaonl to give (9) 90 %o yield.
'H-NMR, (DMSO-d,); 6 5.76 (s,2H,CH,), 6.5 (d,
2H, J=8.7, CH-Ar), 7.2 (s, 1H, OH), 7.4 (t, 1H, J=
8.0, CH-Ar), 7.1 (d, 1H, J= 8.4, H-Ar); 7.4 (m, 2H,
H-Ar); 7.5 (t, 1H, J= 8.2, 7.0, H-Ar), 7.6 (m, 2H,
H-Ar), 7.7 (d, 1H, J= 8.7, H-Ar), 7.89 (t, 1H, J=
8.2,H-Ar), 8.8(d, 1H, J=8.0, 11. 9(s,1H, NH). 2C-
NMR (DMSO-d,); 6 53.54 (d, CH,), 114.98 (d, C-
Ar), 118.5 (d, 2C, C-Ar), 120.77 (d, C-Ar), 121.6
(s), 122.9 (d,CH), 124.8 (d, C-Ar), 127.22 (d, C-
Ar), 127.56 (d, C-Ar),129.1 (d, C-Ar), 130.7 (d,
C-Ar), 132.8 (d, 2C, C-Ar), 136.3 (s, C-Ar), 137.2
(s, C-Ar), 138 (s, C-Ar), 150.4 (s, C-Ar), 154.68
(s, C-3Ar), 169.78 (s, C=0), Anals. C,,H,N,O,
Calc. C: 71.73,H: 4.38; N:15.21 ;. Found: C:71.62,
H:4.50; N: 15.14.

Synthesisof N-((6H-indolo[2,3-b]quinoxaline-6-
yl)methyl-4-(1H-benzo[d]imidazo-2-

= Fyl) Paper
yl)benzenamine (10)
(&) Method (A)

Toamixtureof (9) (0.44g, 0.1mml), forma dehyde
(5ml) add 4-aminobenzoic acid (0.1 mmol) and etha-
nol (10ml). Thereaction mixturewasrefluxed 7 hours,
pour into water. The precipitated wasfiltered off and
dried. Theproduct wasrecrystalized by usng metha-
nol to give(10) (62 %) yield.

(b) Method (B)

Toamixtureof (9) (0.44g, 0.1mml), formal dehyde
(5ml) add 4-aminobenzoicacid (0.1mmol) and ethanol
(10ml). Thereaction mixturewas heated under micro-
wave (500 w) for 20 minutes, pour the reaction mix-
tureinto water. The precipitated wasfiltered off and
dried. Theproduct wasrecrysta lized by using ethanol
togive(10) (88 %) yield.

RESULTSAND DISCUSSION

Quinoxalinederivativesformagroup of generdly
lessinvestigated compounds. However, recently grow-
ing effortsaremadeto synthesizeand characterizethese
compounds. Many Quinoxaline derivatives possess
very promising propertiesregarding biological activi-
tiesasshownintheliterature survey. Inthe present re-
search project, we used the modern microwavetech-
nique aswell asthe conventiona methodsto prepare
some Quinoxaline- compoundswith expected biol ogi-
cd activity.

Reduction of 4-amino-3-nitrophenol (1) wasoc-
cur by using stannous chloridein the presence of hy-
drochloric acid to give 3,4-diaminophenol (2b). The
starting materials 3-methyl quinoxaline-2(1H)-one
(4a,b) was synthesized by the reaction of with o-phe-
nylenediamine (2a,b) and pyruvic acid (3) inthe pres-
ence of 6N hydrochloric acid under microwave heat-
ing. The 3-methylquinoxaline-2(1H)-one (4a,b) was
reacted with formal dehyde and 4-aminobenzoic acid
using Mannch reaction to give 4-{[-3-methyl-2-
oxoquinoxaline-1(2H)methyl]amino} benzoic acid
(5a,b). The 4-{[-3-methyl-2-oxoquinoxaline-
1(2H)methyl] amino} benzoicacid (5,b) reacted with
o-phenylenediamineto give 1-({ [4-(1H-benzimidazol-
2-yl)phenyl]amino} -methyl)-3-methyl quinoxaline-
2(1H)-one (6a,b), Scheme (1).
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TABLL 1: Microbial strainsusing for investigating thean-
timicrobial activities

Microbial NRRL P Culture
grain grain® Classification medium
Air-born bacteria
1- Badillus subtilis NRS-744 Gram-positive ’a\'g‘g'rfgdi -
Human-pathogenic bacteria
2-Saphylococcusaureus  B-767  Gram-positive
3-Klebsellapneumoniae  B-17232 Gram-negetive
4- Escherichia coli B-3704 Gram-negative glngrnr?gdi um
5- Pseudomonas aeroginosa B-23 Gram-negative
6- Proteusvalgaris B-123  Gram-negative
Human-pathogenic
yessts
7- Candida albicans Y-477  Yeadt iabar oud
lextrose agar
8- Candida tropicals Yeadt

3NRRL = Northern Regional Research Laboratory, U.S. Depart-
ment of Agriculture, Peoria, Illinois, USA

Themicrowaveasasourceof heating usedfor syn-
thes sthe above quinoxainesderivatives. Structures of
the newly synthesized compounds are proved by using
spectroscopic methodssuch asIR, *H-NMR and *C-
NMR.

Synthesisof compounds (6a,b) and (10) were car-
ried out under two different reaction conditions, namey
the conventiona method and microwaveirradiation con-
ditions. Thus, when thereaction of (4a,b) wascarried
out in arefluxing benzoic acid and formal dehydefor 5
hours under TLC control, the product (5a) and (5b)
were obtainedin 70% and yield. However, when the
samereaction was carried out by heating at 120°Cina
microwave oven for 15 minutes, theyieldsof (5a) and
(5b) were 92%, and 90%, respectively. The conden-
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sation of (5a,b) with o-phenylenediamine and 3,4-
diaminophenal in 6N hydrochloric acid afforded (6a,b)
INn74 %, 68% yield, respectively. However, when the
samereaction was carried out by heatingat 120°Cina
microwaveovenfor 15 minutes, theyieldsof (6a) and
(6b) were 95%, and 92%, respectively. Isatine (7) was
reacted with (2a) in 6N hydrochloric acid afforded (8)
in 64 % yield, The condensation of (8) with o-phe-
nylenediaminein 6N hydrochloricacid afforded (9) in
74%, 68% yidd, respectively. However, whenthesame
reaction was carried out by heating at 100°C inami-
crowave oven for 10 minutes, theyields of (6a) and
(6b) were 95%, and 90%, respectively. It was then
concluded that using microwave asasourceof heet not
only improvesthereactionyield, but also significantly
reducesreactiontime. IR, Massand NMR spectraof
compounds (5a,b), (6a,b), (7) and (10) agreed with
the proposed structure.

Antimicrobial activity

Theantimicrobial screening procedure of thesyn-
thesized compoundsas 0.1%solutionin DMF wasin-
vestigated by the disk diffusion method, theantibiotic
Assay methodsaswell asthemicrobid strainsused for
thebioassay wereillustrated TABLE 1. From thedata
showninTABLE 2, itisclear that; thesynthes zed com-
poundsweregenerally devoid of activity towardsthe
tested gram negative bacteria(Klebsiella pneumoniae,
Escherichiacoli, Pesudomonasaeroginosa and Pro-
teusvulgaris). Compounds (6), (7), (9) and (10) are
activetowardsthetested gram-positive bacteria (Ba-
cillus subtilis, Saphylococcus aureus) Yeast (Can-
dida albicans, Candidatropicals).

TABLE 2: Antimicrobial activitiesof some synthesiscompounds

Gram-positive Gram- negative Y east

No Bacillus Staphylococcus Klebsiella Escherichia Pseudomonas Proteuss Candida Candida

subtili aureus pheumoniae coli aeroginosa valgaris  albicans  Tropicals
4a ++ ++ + ++ + + ++ ++
4bh ++ ++ ++ ++ + + ++ ++
5a + + - + +
5b ++ ++ ++ ++ ++ + ++ ++
6a ++ ++ - ++ ++
6b ++ ++ - ++ ++
8 +++ ++ + ++ ++ ++ ++ +++ +++
9 - - -
10 - - -

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

In summary, this present procedurefor the prepa-
ration of quinoxainesfromaryl- 1,2-diaminesand 1,2-
diketones by using microwave asamodern technique
for heating. Theadvantagesof thismethod areextremey
mild reaction conditions, short reectiontimes, highyidds,
smpleexperimenta andisolation procedures, and com-
pliancewith the green chemistry protocols.
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