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Design, synthesis, and biological evaluation of
1,2,3-trisubstituted-1,4-dihydrobenzo[g]quinoxaline-5,10-diones
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Abstract—A series of (S)-N-(3-chloro-1,4-naphthoquinon-2-yl)-a-amino acid ethyl esters 3 and 1,2,3-trisubstituted-1,4-
dihydrobenzo[g]quinoxaline-5,10-diones 6–23 were synthesized and evaluated for antifungal and antibacterial activities. The struc-
ture–activity relationship of these compounds was studied and the results show that the compounds 3a and 3b exhibited in vitro
antifungal activity against Candida albicans, Cryptococcus neoformans, and Sporothrix schenckii whereas compounds 12 and 22
showed in vitro antibacterial activity against Klebsiella pneumoniae and Escherichia coli.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Heterocyclic quinones, containing nitrogen atom, are
known to possess antibacterial,1,2 antifungal,3–6 and
cytotoxic activities.7–10 The clinical significance of this
class of compounds has stimulated the synthesis of
new lead compounds retaining the ‘core’ quinone chro-
mophore.11–14

In the course of a medicinal chemistry program aimed at
discovering new heterocyclic quinones endowed with
antibacterial and antifungal activities, we have synthe-
sized a series of 1,2,3-trisubstituted-1,
4-dihydrobenzo[g]quinoxaline-5,10-diones 6–23 possess-
ing two nitrogen atoms in the heterocyclic ring and their
precursors N-[3-chloro-1,4-naphthoquinon-2-yl]-a-ami-
no acid alkyl esters 3. The presence of aryl, alkyl group
or nitrogen atom was an important factor to affect anti-
fungal and antibacterial activities.

The antifungal screening of compounds 3–23 against
various strains of pathogenic fungi, for example, Candi-
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da albicans, Cryptococcus neoformans, Sporothrix
schenckii, Trichophyton mentagraphytes, Aspergillus
fumigatus, and Candida parapsilosis (ATCC 22019)
was carried out according to broth microdilution tech-
nique described by NCCLS.15,16 The minimum inhibito-
ry concentration (MIC) of compounds 3-23 was
determined against test isolates using this technique.

The antifungal activity was compared with those of
standard antifungal drugs Miconazole, Nystatin, Fluco-
nazole and Amphotericin-B.11,12,14 MIC of compounds
and standard drugs referred in Table 1 were determined
in 96-well tissue culture plates using RPMI 1640 media
buffered with MOPS (3-[N-morpholino]-propane sulfon-
ic acid, obtained from Sigma Chemical Co.).

Comparison of antifungal activity of compounds 3–23
referred in Table 1 with that of antifungal drug
Miconazole showed that both compounds 3a and 3b
had better activity against fungi C. albicans and
C. neoformans and had same antifungal profile against
A. fumigatus, while compounds 11 and 13 had same
activity against C. neoformans. Likewise 11 and 20 had
similar antifungal profile against C. albicans when com-
pared with Miconazole. Compound 20 also had better
antifungal activity against C. albicans on comparison
with Miconazole. On comparison of antifungal activity
with that of antifungal drug Nystatin, compounds 3a
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Table 1. Structures and in vitro antifungal activity for compounds 3–23 (MIC: lg/mL)

Compound R R1 R2/Ar MIC (lg/mL)

C. albicans C. neoformans S. schenckii T. mentagraphytes A. fumigatus C. parapsilosis

3a C2H5 H b 12.5 6.25 6.25 6.25 12.5 25

3b C2H5 CH3
b 6.25 6.25 6.25 6.25 12.5 25

6 b H CH2CH2OH >50 50 >50 50 >50 >50

7 b CH3 CH2CH2OH >50 >50 50 50 50 >50

11 b CH3 CH(CH3)2 25 12.5 25 25 25 50

12 b H C(CH3)3 >50 >50 >50 >50 >50 >50

13 b CH3 C(CH3)3 50 12.5 >50 25 >50 >50

20 b H 2-OMe–C6H4 25 6.25 25 12.5 50 50

22 b H 4-OH–C6H4 >50 >50 >50 >50 >50 >50

23 b CH3 4-OH–C6H4 >50 >50 >50 >50 >50 >50

Mic. 25 12.5 a <0.78 12.5 a

Nys. 7.8 3.5 13.2 a a a

Flu. 1.0 1.0 2.0 0.5 2.0 2.0

Amp. 0.39 0.78 a 1.56 a a

Mic., Miconazole; Nys., Nystatin; Flu., Fluconazole; and Amp., Amphotericin-B.
a Activity not reported.
b Not required.
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and 3b showed better antifungal profile against fungi
S. schenckii. Compound 3b also exhibited better anti-
fungal activity against C. albicans when compared with
Nystatin. Other compounds whose MIC was >75 lg/mL
are not reported in Table 1. However, none of the com-
pounds referred in Table 1 showed better activity than
Fluconazole and Amphotericin-B.

Structure–activity relationship in 3–23 showed that cyc-
lic 1-tert-butyl-2-hydroxy-1,4-dihydrobenzo[g]quinoxa-
line-5,10-dione 12 exhibited better antifungal activity
compared to acyclic N-(3-chloro-1,4-naphthoquinon-
2-yl)glycine ethyl ester 3a and (S)(+)-N-(3-chloro-1,
4-naphthoquinon-2-yl)alanine ethyl ester 3b. The
replacement of R2 by C(CH3)3 in 12 had considerable
effect in enhancement of antifungal activity.

The evaluation of antibacterial activity of compounds
3–23 against various strains of pathogenic bacteria, for
example, Streptococcus faecalis, Klebsiella pneumoniae,
Table 2. Structures and in vitro antibacterial activity for compounds 3–23 (

Compound R R1 R2/Ar

S. faecalis

3a C2H5 H b 25

3b C2H5 CH3
b 12.5

6 b H CH2CH2OH 50

7 b CH3 CH2CH2OH >50

11 b CH3 CH(CH3)2 25

12 b H C(CH3)3 25

13 b CH3 C(CH3)3 25

20 b H 2-OMe–C6H4 >50

22 b H 4-OH–C6H4 25

23 b CH3 4-OH–C6H4 25

Kanamycinc a

Amikacin >64

Tobramycin 32

Gentamycin a

a Activity not reported.
b Not required.
c MIC90: lg/mL.17
Escherichia coli, Pseudomonas aeruginosa, and Staphylo-
coccus aureus was carried out according to the broth
microdilution technique described by NCCLS15,16 and
the results are reported in Table 2. The minimum inhib-
itory concentration (MIC) of each compound was deter-
mined against test isolates using this technique. The
antibacterial activity was compared with those of stan-
dard antibacterial drugs, Kanamycin, Amikacin, Tobra-
mycin, and Gentamycin and its MIC value is expressed
in micrograms per milliliter.17

Comparison of antibacterial activity of compounds 3–23
referred in Table 2 with that of antibacterial drug Kana-
mycin showed that all the compounds except for 7
showed better activity against K. pneumoniae. Both com-
pounds 12 and 22 exhibited better activity against E. coli
when compared with Kanamycin. On comparison of
antibacterial activity with those of antibacterial drugs
Tobramycin and Amikacin,18 compounds 3a,b, 11–13,
22, and 23 were found to exhibit better activity against
MIC: lg/mL)

MIC (lg/mL)

K. pneumoniae E. coli P. aeruginosa S. aureus

25 25 50 25

12.5 25 25 25

12.5 >50 >50 25

50 50 >50 50

12.5 25 25 25

6.25 12.5 12.5 12.5

25 25 50 12.5

12.5 >50 50 50

12.5 12.5 12.5 12.5

12.5 >50 >50 25

32 16 >128 2.0

1.0 1.0 2.0 16.0

1.0 0.5 4.0 0.25

0.39 a 0.78 0.78
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S. faecalis. However, none of the compounds referred in
Table 2 exhibited better activity than Gentamycin.

Structure–activity relationship in 3–23 showed that acy-
clic N-(3-chloro-1,4-naphthoquinon-2-yl)-a-amino acid
ethyl esters 3 showed better antibacterial activity than
cyclic 1,2,3-trisubstituted-1,4-dihydrobenzo[g]quinoxa-
line-5,10-diones 6–23. In compound 3 replacement of
R1 by CH3 enhanced antibacterial activity to some ex-
tent against C. albicans. In tricyclic compounds 6–23,
compound 20 exhibited better antibacterial activity
compared to other derivatives of the series by replace-
ment of R1 by 2-methoxyphenyl group.

Comparison of antibacterial activity of compounds 3–23
referred in Table 2 with that of antibacterial drug Kana-
mycin showed that all the compounds except for 7
showed better activity against K. pneumoniae. Both com-
pounds 12 and 22 exhibited better activity against E. coli
when compared with Kanamycin. On comparison of
antibacterial activity with those of antibacterial drugs
Tobramycin and Amikacin,18 compounds 3a,b, 11–13,
22, and 23 were found to exhibit better activity against
S. faecalis. However, none of the compounds referred
in Table 2 exhibited better activity than Gentamycin.

Azaanthroquinones are new class of biologically active
1,4-quinone derivatives and have been found to possess
promising biological activities.18–20 Both mono- and
diazaanthroquinones I and II (Fig. 1) have been synthe-
sized recently and it was found that diazaanthroquinone
derivatives were more active than monoazaanthroqui-
none derivatives.
2. Results and discussion

2.1. Synthetic chemistry

In the program for further extension of our work on the
reaction of 2,3-dichloro-1,4-naphthoquinones with chi-
ral enantiomerically pure naturally occurring LL-a-amino
acid.14 we have developed a new route to synthesis of
1,2,3-trisubstituted-1,4-dihydrobenzo[g]quinoxaline-
5,10-diones 6–23 having both nitrogen atoms at 1,4 po-
sition in the same ring of diazaanthroquinone nucleus.

The reaction of 2,3-dichloro-1,4-naphthoquinone 1 with
enantiomerically pure LL-a-amino acid ethyl ester hydro-
chlorides 2 to give N-[3-chloro-1,4-naphthoquinon-2-yl]-
a-amino acid ethyl ester 3 is shown in Scheme 1. This
reaction involves nucleophilic displacement of Cl atom
in 2,3-dichloro-1,4-naphthoquinone 1 with nitrogen
O
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Figure 1.
nucleophile. The absolute configuration of LL-a-amino
acids is reflected in compounds 3 as the question of
inversion of configuration at chiral center in 3 does
not arise.

Further reaction of 3 with primary aliphatic and aro-
matic amines resulted in the formation of 1,2,3-trisubsti-
tuted-1,4-dihydrobenzo[g]quinoxaline-5,10-diones 6–23
as exhibited in Scheme 2. The mechanism of formation
of 6–23 from 3 is shown in Figure 2 and involves nucle-
ophilic displacement followed by intramolecular nucleo-
philic addition–elimination and cyclization leading to
intermediates 4 and 5.

Resin-bound solid phase synthesis of 2-amino-3-chloro-
5- and 8-nitro-1,4-naphthoquinones has recently been
reported by Blackburn.21 In addition, Kartoflitskaya
et al.22 have used aspartic acid for nucleophilic substitu-
tion reaction with 2,3-dichloro-1,4-naphthoquinones.
However, none of these two authors have employed
a-amino acids used by us for nucleophile substitution
reaction with 2,3-dichloro-1,4-naphthquinones.

2.2. In vitro antifungal and antibacterial activity evalua-
tion by MIC assay

The prepared N-(3-chloro-1,4-naphthoquinon-2-yl)-a-
amino acid ethyl esters 3a,b and 1,2,3-trisubstituted-
1,4-dihydrobenzo[g]quinoxaline-5,10-diones 6–23 deriv-
atives were evaluated for their in vitro antifungal
activity against C. albicans, C. neoformans, S. schenckii,
T. mentagraphytes, A. fumigatus and C. parapsilosis
(ATCC 22019) and antibacterial activity against S. fae-
calis, K. pneumoniae, E. coli, P. aeruginosa, and S. aure-
us at the Division of Fermentation Technology of
Central Drug Research Institute, Lucknow, India. In
this process, minimum inhibitory concentration of com-
pounds 3–23 was tested according to standard micro-
broth dilution as per NCCLS15,16 protocol. Briefly,
testing was performed in flat-bottomed 96 well tissue
culture plates (CELLSTAR� Greiner bio-one GmbH,
Germany) in RPMI 1640 medium buffered with MOPS
(3-[N-morpholino]propane sulfonic acid) (Sigma chem.
Co. MO, USA) for fungal strains and in Muller Hinton
broth (Titan Biotech Ltd, India) for bacterial strains.
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The concentration range of tested compounds was
50–0.36 lg/mL for standard compounds. Initial inocula
of fungal and bacterial strain were maintained at
1–5 · 103 cells/mL. These plates were incubated in a
moist chamber at 35 �C and absorbance at 492 nm was
recorded on Versa Max microplate reader (Molecular
devices, Sunnyvale, USA) after 48 h for C. albicans
and C. parapsilosis, 72 h for A. fumigatus, S. schenckii,
and C. neoformans and 96 h for T. mentagraphytes while
bacterial strains were incubated for 24 h. MIC was
determined as 90% inhibition of growth with respect
to the growth control was observed by using SOFTmax
Pro 4.3 Software (Molecular Devices, Sunnyvale, USA).
3. Conclusion

In conclusion, we have synthesized a series of N-[3-chlo-
ro-1,4-naphthoquinon-2-yl]-a-amino acid ethyl esters 3
and 1,2,3-trisubstituted-1,4-dihydrobenzo[g]quinoxa-
line-5,10-diones 6–23. Amongst the promising
compounds 3a and 3b have shown in vitro significant
antifungal activity against C. albicans, C. neoformans,
and S. schenckii. Whereas compound 12 and 22 exhibit-
ed marked antibacterial activity in vitro against K. pneu-
moniae, E. coli, and P. aeruginosa. Thus compounds 3a
and 3b are lead compounds for antifungal activity and
12 and 22 are the lead compounds for antibacterial
activity. Further work on compounds 3a,b, 12, and 22
is in progress.
4. Experimental

4.1. Materials and methods

The reagents and the solvents used in this study were of
analytical grade and were used without further purifica-
tion. The melting points were determined on an electri-
cally heated Townson Mercer melting point apparatus
and are uncorrected. IR spectra were recorded on
Beckman Aculab-1G, Perkin-Elmer 881 and FTIR
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8201 PC, Schimadzu Spectrophotometers either on KBr
discs or in neat. Nuclear magnetic resonance (NMR)
spectra were recorded on Perkin-Elmer model R.32
spectrometers using TMS as an internal reference.
Microanalyses were carried out on Carlo Erba-1108
instrument and all compounds showed satisfactory ele-
mental analysis for C, H, and N. Progress of reactions
and purity of compounds were monitored by thin-layer
chromatography (TLC), which was performed on silica
gel G and compounds were detected with iodine vapors,
where required. Spectra facilities and elemental microa-
nalyses were carried out by SAIF division of Central
Drug Research Institute, Lucknow, India. Most
reagents were purchased from Lancaster and Merck.

4.2. General procedure of N-(3-chloro-1,4-naphthoquinon-
2-yl)-a-amino acid ethyl esters (3a,b)

Anhydrous K2CO3 (0.001 mol) was added to a stirred
reaction mixture of 2,3-dichloro-1,4-naphthoquinone 5
(2.27 g, 0.01 mol) and a-amino acid ethyl ester hydrochlo-
rides (0.01 mol) in abs EtOH (50 mL). The reaction mix-
ture was refluxed for 3–5 h at 110 �C and filtered while
hot. The filtrate was concentrated in vacuo until 3/4th of
the solvent was distilled off. The resulting liquid was
allowed to crystallize at room temperature to give solid,
which was further crystallized with a suitable solvent.

4.2.1. N-3-(Chloro-1,4-naphthoquinon-2-yl)glycine ethyl
ester (3a). The general procedure was followed for 5 h to
give scarlet red crystals on crystallization with EtOH;
90% yield; mp: 95 �C; IR (KBr): 578, 679, 714, 785,
844, 884, 953, 1020, 1105, 1160, 1216, 1256, 1279,
1324, 1391, 1437, 1476, 1570, 1594, 1639, 1675, 1735,
3253 cm�1; 1H NMR (CDCl3): d 1.31 (t, 3H, CH3),
4.28 (q, 2H, OCH2), 4.61 (s, 2H, CH2), 6.50 (br h, 1H,
NH), 7.72 (m, 2H, C6–H and C7–H), 8.11 (m, 2H, C5–
H and C8–H). Anal. Calcd (C14H12ClNO4): C, 57.25;
H, 4.12; N, 4.77 Found: C, 57.05; H, 4.03; N, 4.65. Beil-
stein test:23 Cl positive.

4.2.2. (S)(+)-N-3-(Chloro-1,4-naphthoquinon-2-yl)alanine
ethyl ester (3b). The general procedure was followed for
3 h to give scarlet red crystals on crystallization with
EtOH; 96% yield; mp: 118–120 �C; IR (KBr): 549, 606,
677, 726, 789, 830, 943, 1028, 1062, 1142, 1181, 1246,
1303, 1341, 1382, 1454, 1521, 1568, 1600, 1684, 1731,
2363, 2986, 3288, 3395 cm�1; 1H NMR (CDCI3): d
1.32 (t, 3H, CH3), 2.72 (dd, 3H, CH3), 4.13 (q, 2H,
OCH2), 4.24 (q, 1H, CH), 6.50 (br h, 1H, NH), 7.26
(m, 2H, C6–H and C7–H) 8.12 (m, 2H, C5–H and C8–
H), ½a�29

D +6.25 (c 0.0026, DMSO). Anal. Calcd
(C15H14ClNO4): C, 58.55; H, 4.59; N, 4.55. Found: C,
58.66; H, 4.48; N, 4.70. Beilstein test:23 Cl positive.

4.3. General procedure of 1,2,3-trisubstituted-1,4-
dihydrobenzo[g]quinoxaline-5,10-diones (6–23)

Primary aliphatic and aromatic amines (0.05 mol) were
added to a stirred solution of N-3-(chloro-1,4-naphtho-
quinon-2-yl)-a-amino acid ethyl esters 3 (0.01 mol) in
abs EtOH (100 mL). The reaction mixture was refluxed
for 05–15 h at 100 �C. The resulting solution was con-
centrated in vacuo and the oil thus obtained was subject-
ed to column chromatography on silica gel using
hexane–EtOAc (10:1) as eluant. Compounds 6–23 were
obtained as colored solid and were further crystallized
with a suitable solvent.

4.3.1. 2-Hydroxy-1-(2-hydroxyethyl)-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (6). The general procedure was fol-
lowed for 10 h to give red crystals on crystallization
with EtOAc–hexane; 67% yield; mp: 145–148 �C; IR
(KBr): 531, 563, 595, 641, 677, 731, 785, 817, 881, 976,
1072, 1104, 1127, 1251, 1273, 1309, 1346, 1368, 1432,
1515, 1557, 1595, 1675, 2365, 2834, 2934, 3058,
3344 cm�1; 1H NMR (CDCl3): d 1.25 (s, 1H, OH),
3.37 (q, 2H CH2), 3.93 (t, 2H, NCH2), 5.77 (s, 1H,
C@CH), 6.22 (br s, 1H, OH/NH), 7.73 (m, 2H, C6–H
and C7–H), 8.08 (m, 2H, C5–H and C8–H). Anal. Calcd
(C14H12N2O4): C, 61.76; H, 4.44; N, 10.29. Found: C,
61.70; H, 4.27; N, 10.34.

4.3.2. 2-Hydroxy-1-(2-hydroxyethyl)-3-methyl-1,4-
dihydrobenzo[g]quinoxaline-5,10-dione (7). The general
procedure was followed for 15 h to give red crystals on
crystallization with EtOAc–hexane; 56% yield; mp:
130–132 �C; IR (KBr): 639, 676, 730, 769, 878, 976,
1074, 1127, 1274, 1349, 1435, 1516, 1597, 1675, 2370,
3344, 3450 cm�1; 1H NMR (CDCl3): d 1.25 (s, 1H,
OH), 1.58 (s, 3H, CH3), 3.36 (q, 2H, CH2), 3.92 (t,
2H, NCH2), 5.76 (s, 1H, NH), 7.67 (m, 2H, C6–H and
C7–H), 8.07 (m, 2H, C5–H and C8–H). Anal. Calcd
(C15H14N2O4): C, 62.93; H, 4.93; N, 9.79. Found: C,
62.84; H, 4.89; N, 9.85.

4.3.3. 1-Butyl-2-hydroxy-1,4-dihydrobenzo[g]quinoxaline-
5,10-dione (8). The general procedure was followed for
10 h to give red crystals on crystallization with ben-
zene–hexane; 90% yield; mp: 108–110 �C; IR (KBr):
559, 684, 804, 1024, 1103, 1265, 1360, 1446, 1518,
1600, 2370, 2862, 2930, 3314, 3458 cm�1; 1H NMR
(CDCl3): d 0.80 (s, 1H, OH), 0.94 (t, 3H, CH3), 1.30–
1.62 (m, 4H, 2· CH2), 3.80 (m, 2H, NH2), 5.78 (s, 1H,
C@CH), 6.04 (br s, 1H, NH), 7.66 (m, 2H, C6–H and
C7–H), 8.02 (m, 2H, C5–H and C8–H). Anal. Calcd
(C16H16N2O3): C, 67.59; H, 5.67; N, 9.85. Found: C,
67.51; H, 5.59; N, 9.89.

4.3.4. 1-Butyl-2-hydroxy-3-methyl-1,4-dihydrobenzo[g]quinox-
aline-5,10-dione (9). The general procedure was followed
for 15 h to give red crystals on crystallization with
CHCl3–hexane; 85% yield; mp: 102 �C; IR (KBr): 556,
681, 719, 801, 1023, 1103, 1261, 1355, 1444, 1516,
1599, 1674, 2365, 2863, 2928, 3313, 3450 cm�1; 1H
NMR (CDCl3): d 0.80 (s, 1H, OH), 0.90 (t, 3H, CH3),
1.50 (s, 3H, CH3), 1.31–1.61 (m, 4H, 2· CH2), 3.77 (m,
2H, NCH2), 6.06 (br h, 1H, NH), 7.62 (m, 2H, C6–H
and C7–H), 8.06 (m, 2H, C5–H and C8–H). Anal. Calcd
(C17H18N2O3): C, 68.44; H, 6.08; N, 9.39. Found: C,
68.51; H, 5.59; N, 9.45.

4.3.5. 2-Hydroxy-1-isopropyl-1,4-dihydrobenzo[g]quinox-
aline-5,10-dione (10). The general procedure was fol-
lowed for 5 h to give red crystals on crystallization
with EtOAc–hexane; 70% yield; mp: 110 �C; IR (KBr):
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567, 649, 810, 863, 1049, 1097, 1219, 1322, 1407, 1604,
1680, 2370, 3441 cm�1; 1H NMR (CDCl3): d 0.88 (br
h, 1H, OH), 1.34 (d, 6H, 2· CH3), 4.84 (m, 1H, CH),
5.75 (s, 1H, C@CH), 6.04 (br s, 1H),7.74 (m, 2.H, C6–
H and C7–H), 8.14 (m, 2H, C5–H and C8–H). Anal.
Calcd (C15H14N2O3): C, 66.66; H, 5.22; N, 10.36.
Found: C, 66.54; H, 5.40; N, 10.23.

4.3.6. 2-Hydroxy-1-isopropyl-3-methyl-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (11). The general procedure was fol-
lowed for 8 h to give red crystals on crystallization with
EtOAc–hexane; 53% yield; mp: 110–110 �C; IR (KBr):
557, 674, 770, 843, 1023, 1128, 1121, 1295, 1334, 1461,
1516, 1571, 1599, 1676, 2339, 2370, 2928, 3324,
3425 cm�1; 1H NMR (CDCl3): d 0.86 (br h, 1H, OH),
1.31 (d, 6H, 2· CH3), 1.59 (s, 3H, CH3) 4.81 (m, 1H,
CH), 5.95 (br h, 1H, NH), 7.70 (m, 2H, C6–H and C7–
H), 8.09 (m, 2H, C5–H and C8–H). Anal. Calcd
(C16H16N2O3): C, 67.59; H, 5.67; N, 9.85. Found: C,
67.85; H, 5.84; N, 10.02.

4.3.7. 4-tert-Butyl-3-hydroxy-1,4-dihydrobenzo[g]quinox-
aline-5,10-dione (12). The general procedure was fol-
lowed for 5 h to give red crystals on crystallization
with EtOAc–hexane; 85% yield; mp: 100–102 �C; IR
(KBr): 481, 527, 555, 640, 678, 719, 788, 816, 860, 915,
941, 1012, 1046, 1131, 1158, 1196, 1226, 1252, 1290,
1328, 1368, 1396, 1459, 1533, 1571, 1599, 1639, 1680,
1855, 1953, 2361, 2975, 3019, 3205, 3300 cm�1; 1H
NMR (CDCl3): d 1.32 (d, 1H, OH), 1.57 (s, 9H,
3· CH3),5.96 (s, 1H, C@CH), 6.10 (br s, 1H, NH),
7.71 (m, 2H, Cs–H and C7–H), 8.08 (m, 2H, C5–H
and C8–H). Anal. Calcd (C16H16N2O3): C, 67.59; H,
5.67; N, 9.85. Found: C, 67.71; H, 5.60; N, 9.78.

4.3.8. 1-tert-Butyl-2-hydroxy-3-methyl-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (13). The general procedure was fol-
lowed for 8 h to give red crystals on crystallization with
EtOAc–hexane; 80% yield; mp: 105–107 �C; IR (KBr):
556, 637, 677, 720, 816, 860, 1012, 1046, 1131, 1196,
1227, 1254, 1291, 1331, 1368, 1460, 1533, 1599, 1680,
2638, 2973, 3302, 3420 cm�1; 1H NMR (CDCl3): d
1.32 (br s, 1H, OH), 1.57 (s, 9H, 3· CH3), 1.63 (s, 3H,
CH3), 6.12 (br s, 1H, NH), 7.70 (m, 2H, C6–H and
C7–H), 8.15 (m, 2H, C5–H and C8–H). Anal. Calcd
(C17H18N2O3): C, 68.44; H, 6.08; N, 9.39. Found: C,
68.54; H, 6.29; N, 9.31.

4.3.9. 2-Hydroxy-1-isobutyl-1,4-dihydrobenzo[g]quinoxa-
line-5,10-dione (14). The general procedure was followed
for 5 h to give red crystals on crystallization with EtOAc–
hexane; 81% yield; mp: 110–112 �C; IR (KBr): 520, 564,
723, 820, 1032, 1072, 1128, 1248, 1301, 1365, 1452,
1510, 1600, 1674, 2370, 2962, 3315, 3400 cm�1; 1H
NMR (CDCl3): d 0.85 (br s, 1H, OH), 1.01 (d, 6H,
2· CH3), 1.95 (m, 1H, CH), 3.67 (t, 2H, NCH2), 6.17 (br
s, 1H, NH), 7.69 (m, 2H, C6–H and C7–H), 8.09 (m, 2H,
C5–H and C8–H). Anal. Calcd (C15H14N2O3): C, 66.66;
H, 5.22; N, 10.36. Found: C, 66.73; H, 5.35; N, 10.29.

4.3.10. 2-Hydroxy-1-isobutyl-3-methyl-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (15). The general procedure was fol-
lowed for 10 h to give red crystals on crystallization with
ETOAC–hexane; 78% yield; mp: 115 �C; IR (KBr): 523,
566, 678, 722, 777, 817, 869, 1030, 1070, 1126, 1169,
1247, 1301, 1332, 1361, 1447, 1503, 1574, 1598, 1677,
2340, 2366, 2868, 2955, 3111, 3300 cm�1; 1H NMR
(CDCl3): d 0.88 (br s, 1H, OH), 0.94 (d, 6H, 2· CH3),
1.21 (s, 1H, CH3), 1.87 (m, 1H, CH), 3.59 (t, 2H,
NCH2), 6.08 (br h, 1H, NH), 7.58 (m, 2H, C6–H and
C7–H), 8.01 (m, 2H, C5–H and C8–H). Anal. Calcd
(C16H16N2O3): C, 67.59; H, 5.67; N, 9.85. Found: C,
67.42; H, 5.71; N, 9.89.

4.3.11. 1-[2-(3,4-Dimethoxyphenyl)ethyl]-2-hydroxy-1,4-
dihydrobenzo[g]quinoxaline-5,10-dione (16). The general
procedure was followed for 5 h to give dark red crystals
on crystallization with EtOAc–hexane; 75% yield; mp:
135 �C; IR (KBr): 517, 651, 725, 773, 798, 831, 932,
1028, 1151, 1186, 1260, 1305, 1362, 1459, 1512, 1596,
1682, 2367, 2830, 2936, 3067, 3273, 3400 (br h) cm�1;
1H NMR (CDCl3): d 1.25 (s, 1H, OH), 2.92 (t, 2H, C–
CH2), 3.14 (t, 2H, NCH2), 3.87 (s, 3H, OCH3), 3.88 (s,
3H, OCH3), 5.79 (s, 1H, C@CH), 6.00 (br s, 1H, NH),
6.79 (m, 3H, Ar-H), 7.67 (m, 2H, C6–H and C7–H),
8.07 (m, 2H, C5–H and C8–H). Anal. Calcd
(C22H20N2O5): C, 67.34; H, 5.14; N, 7.14. Found: C,
67.48; H, 5.02; N, 7.22.

4.3.12. 1-[2-(3,4-Dimethoxyphenyl)ethyl]-2-hydroxy-3-
methyl-1,4-dihydrobenzo[g]quinoxaline-5,10-dione (17).
The general procedure was followed for 10 h to give
red crystals on crystallization with EtOAc–hexane;
60% yield; mp: 138–139 �C; IR (KBr): 570, 603, 630,
655, 677, 717, 764, 805, 858, 935, 1027, 1066, 1133,
1158, 1260, 1294, 1332, 1441, 1504, 1602, 1674, 2833,
2950, 3004, 3286, 3423 cm�1; 1H NMR (CDCl3): d
1.56 (s, 3H, CH3), 2.17 (s, 1H, OH), 2.92 (t, 2H, C–
CH2), 3.87 (s, 6H, 2· OCH3), 4.09 (t, 2H, NCH2), 6.11
(br h, 1H, NH), 6.77 (m, 3H, Ar-H), 7.69 (m, 2H, C6–
H and C7–H), 8.07 (m, 2H, C5–H and C8–H). Anal.
Calcd (C23H22N2O5): C, 67.97; H, 5.46; N, 6.89. Found:
C, 67.87; H, 5.56; N, 6.98.

4.3.13. 2-Hydroxy-1-phenyl-1,4-dihydrobenzo[g]quinoxa-
line-5,10-dione (18). The general procedure was followed
for 10 h to give red crystals on crystallization with
EtOAc–hexane; 88% yield; mp: 110 �C; IR (KBr): 582,
690, 722, 765, 849, 925, 1020, 1078, 1142, 1243, 1292,
1334, 1385, 1444, 1509, 1602, 1678, 3245, 3450 cm�1;
1H NMR (CDCl3): d 1.34 (br s, 1H, OH), 6.17 (s, 1H,
C@CH), 6.57 (br s, 1H, NH), 7.10–7.67 (m, 5H, Ar-
H), 7.75 (m, 2H, C6–H and C7–H), 8.16 (m, 2H, C5–H
and C8–H). Anal. Calcd (C18H12NO3): C, 74.47; H,
4.17; N, 4.83. Found: C, 74.64; H, 4.04; N, 4.98.

4.3.14. 2-Hydroxy-3-methyl-1-phenyl-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (19). The general procedure was fol-
lowed for 15 h to give red crystals on crystallization with
EtOAc–hexane; 64% yield; mp: 205–207 �C; IR (KBr):
578, 689, 719, 758, 790, 848, 922, 1018, 1046, 1076,
1139, 1242, 1290, 1332, 1383, 1442, 1490, 1509, 1596,
1675, 2940, 2367, 3242, 3460 cm�1; 1H NMR (CDCl3):
d 1.33 (br s, 1H, OH), 1.58 (s, 3H, CH3), 7.08–7.69
(m, 5H, Ar-H), 7.72–7.80 (m, 2H, C6–H and C7–H),
8.16 (m, 2H, C5–H and C8–H). Anal. Calcd
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(C19H14NO3): C, 74.99; H, 4.64; N, 4.60. Found: C,
75.21; H, 4.67; N, 4.68.

4.3.15. 2-Hydroxy-1-(2-methoxyphenyl)-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (20). The general procedure was fol-
lowed for 10 h to give violet colored oil; 68% yield; IR
(neat): 561, 584, 666, 765, 844, 990, 1025, 1045, 1074,
1141, 1182, 1224, 1274, 1342, 1463, 1507, 1616, 1672,
2368, 2838, 2595, 3008, 3199, 3373, 3463 cm�1; 1H
NMR (CDCl3): d 1.30 (br s, 1H, OH), 3.86 (s, 3H,
OCH3), 5.75 (s, 1H, C@CH), 6.90 (m, 5H, Ar-H), 7.71
(m, 2H, C6–H and C7–H), 8.15 (m, 2H, C5–H and C8–
H). Anal. Calcd (C19H14NO4): C, 71.24; H, 4.41; N,
4.37. Found: C, 71.38; H, 4.48; N, 4.28.

4.3.16. 2-Hydroxy-1-(2-methoxyphenyl)-3-methyl-1,4-
dihydrobenzo[g]quinoxaline-5,10-dione (21). The general
procedure was followed for 15 h to give reddish brown
crystals on crystallization with EtOAc–hexane; 62%
yield; mp: 130–132 �C; IR (KBr): 466, 498, 529, 568,
595, 633, 689, 719, 753, 789, 817, 852, 903, 932, 1022,
1051, 1114, 1140, 1181, 1226, 1260, 1266, 1325, 1364,
1433, 1480,1513, 1570, 1591,1646, 1667, 2366, 2836,
3067, 3345, 3449 cm�1; 1H NMR (CDCl3): d 1.33 (br
s, 1H, OH), 1.64 (s, 3H, CH3), 3.86 (s, 3H, OCH3),
6.90–7.68 (m, 5H, Ar-H and NH), 7.75 (m, 2H, C6–H
and C7–H), 8.15 (m, 2H, C5–H and C8–H). Anal. Calcd
(C20H16NO4): C, 71.85; H, 4.82; N, 4.19. Found: C,
71.78; H, 4.89; N, 4.26.

4.3.17. 2-Hydroxy-1-(4-hydroxyphenyl)-1,4-dihydrobenzo[g]qui-
noxaline-5,10-dione (22). The general procedure was fol-
lowed for 15 h to give violet crystals on crystallization
with EtOAc–hexane; 84% yield; mp: 222–224 �C; IR
(KBr): 549, 673, 718, 770, 830, 912, 1017, 1048, 1004,
1142, 1238, 1293, 1349, 1439, 1514, 1598, 1678, 2365,
2814, 3297,3369, 3430 cm�1; 1H NMR (CDCl3): d 1.25
(br s, 1H, OH), 4.85 (s, 1H, H), 6.81 (m, 2H, Ar-H),
7.01 (m, 2H, Ar-H), 7.61 (br s, 1H, OH), 7.73 (m, 3H,
C6–C7–H and NH), 8.14 (m, 2H, C5–H and C8–H). Anal.
Calcd (C18H12NO4): C, 70.58; H, 3.95; N, 4.57. Found: C,
70.41; H, 3.88; N, 4.64.

4.3.18. 2-Hydroxy-1-(4-hydroxyphenyl)-3-methyl-1,4-
dihydrobenzo[g]quinoxaline-5,10-dione (23). The general
procedure was followed for 8 h to give violet crystals
on crystallization with EtOAc–hexane; 80% yield; mp:
210 �C; violet crystals; IR (KBr): 510, 549, 615, 679,
719, 776, 830, 913, 1017, 1047, 1104, 1140, 1163, 1235,
1292, 1338, 1363, 1439, 1512, 1572, 1597, 1670, 2363,
2832, 3296, 3361 cm�1; 1H NMR (CDCl3): d 0.88 (br
s, 1H, OH), 1.59 (s, 3H, CH3), 6.04 (br s, 1H, NH),
6.80–7.02 (m, 4H, Ar-H), 7.62, (1H, OH), 7.72 (m, 2H,
C6–H and C7–H), 8.14 (m, 2H, C5–H and C8–H). Anal.
Calcd (C19H14NO4): C, 71.24; H, 4.41; N, 4.37. Found:
C, 71.02; H, 4.65; N, 4.16.
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