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Abstract

A series of variously substituted quinoxalin-3-ones bearing an ethoxycarbonyl or carboxy group in the C-2 position has been prepared and
their structures proved by 'H NMR spectroscopy. The obtained compounds were investigated in vitro for antimicrobial and anticancer
activities. Preliminary results showed a moderate activity against a few strains of bacteria but no significant anticancer and anti-HIV activity.

© 1998 Elsevier Science S.A. All rights reserved.
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1. Introeduction

Quinoxaline and quinoxalinone derivatives have received
much attention in recent years owing to their biological prop-
erties [ 1-6]. As contributions in this field some of us have
reported the preparation and in vitro antitumoral activity of a
large series of quinoxaline derivatives considered as classical
and non-classical analogues of the antifolic agents metho-
trexate and trimetrexate [7-9] as well as the antibacterial
activity of quinoxaline-N-oxides [10]. In connection with
these studies we have now prepared a series of 34 quinoxal-
inones of general structure I which were evaluated for both
antimicrobial, anticancer and anti-HIV activities.
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These compounds have not been studied much from this
point of view, but further interest might arise from an in-
depth screening of their biological activities in other fields.
In this context we have considered those substituents that in

other series (antibacterial quinolones and classical and non-
classical antifolate agents) proved to be endowed with bio-
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logical activity, also in the light of structural analogies
between the quinoxalinone and quinolones nuclei.

Preliminary results on their antimicrobial activity have
been previously communicated [11,12], whereas in this
paper we report the overall results of in vitro antimicrobial,
anticancer and anti-HIV activities.

2. Chemistry

The synthetic pathway for preparation of substituted qui-
noxalin-3-ones and quinoxalines listed in Table 1 is shown
in Scheme 1. According to a general classical reaction, the
2-ethoxycarbonylquinoxalin-3-ones 2-19 were obtained in
good yields by condensation of the appropriate 1,2-diami-
nobenzenes la-1 with diethyl ketomalonate in refluxing
ethanol [1].

Formation of quinoxalinone isomers was observed in the
case of the monosubstituted diaminobenzenes 1b—f and of
the non-symmetrical disubstituted compounds 1g, 1i and 11.
However, owing to the different reactivity of the amino
groups, in most cases the 6-substituted quinoxalin-3-one pre-
vailed over the 7-isomer. The esters 2—6 and 9-11 underwent
alkaline hydrolysis into the acids 20~27. Compounds 2 [13],
4 [14], 6 and 23 [15], 9 and 10 [9], and 20 [16] were
known and have been previously reported as indicated. Now
they have been prepared for antimicrobial screening and a
simpler characterization has been accomplished, avoiding the
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i) R1 = H, Ry = F, R3 = 4-methyipiperazine
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Scheme 1. Preparation of substituted quinoxalin-3-ones and quinoxalines: (i) EtOH/reflux; (ii) aqueous OH/100-110°C; (iii) C,HI/NaH; (iv) H,N-NH,

on 10% Pd/C or H,/PtO,.

tedious unambiguous synthesis reported for similar cases in
the past [1,7,8,17].

Reaction of quinoxalinones 2, §, 9 and 10 with ethyl iodide
in the presence of sodium hydride gave, according to the
observations of Katoh et al. [ 18], a mixture of N-ethyl deriv-
atives 28-31 and O-ethyl products 32-35. Hydrolysis of N-
ethyl esters in alkaline medium yielded the expected acids
36-39, whereas the same reaction in the case of 2-ethoxy
derivatives afforded the above-mentioned acids 20, 23, 25
and 26.

Assignment of the exact structure to 6- and 7-substituted
quinoxalin-3-one isomers 2-19, coming from monosubsti-
tuted diamines, has now been obtained by application of 'H
NMR spectroscopy to all new quinoxalinone isomers accord-
ing to the previous observations reported by us for com-
pounds 9 and 10 [9]. Data from 'H NOESY experiments
clearly exhibited a nuclear Overhauser effect (NOE)
between the NH-4 and H-5 protons. In the case of 6-mono-
substituted isomers 3, 5, 7, 9 and 11 the 'H NMR spectra
showed that the H-5 signal appears as a singlet, whereas it
resonated as a doublet in the 7-substituted isomers 4, 6, 8, 10
and 12. This is in accordance with the diamagnetic shift of
the H-5 proton signal owing to the peri effect [19] deter-
mined from NH-4 in both cases (see Table 1). Similar rea-
soning was applied to the structure of disubstituted
derivatives 13-19 which were unambiguously assigned.

3. Experimental

Melting points were determined by a Kofler hot stage or
Digital Electrothermal apparatus, and were uncorrected. IR
spectra were recorded using a Perkin-Elmer 781 spectropho-
tometer. '"H NMR spectra were recorded on a Varian XL-200
(200 MHz) instrument, using tetramethylsilane (TMS) as
internal standard. Column chromatographies were performed
using 70-230 and 230400 mesh silica gel (Merck silica gel
60) in the case of flash-chromatography. Elemental analyses
were performed by the Laboratorio di Microanalisi, Diparti-
mento di Scienze Farmaceutiche, Universita di Padova
(Padua). Analytical results for C, H, N, and halogen, when
present, were within +0.4% of the theoretical values.

3.1. Intermediates

The diamines 1a,b,c and 1f were commercially available
(Aldrich), while 1d, 1e and 1h were prepared from the cor-
responding 2-nitroanilines by hydrogenation in a Parr appa-
ratus, using 10% Pd/C as catalyst. The amine 1g was prepared
according to the method described by Finger et al. [20]. In
this case, however, from nitration of the 2,4-difluoroacetan-
ilide intermediate, besides the previously described 2,4-
difluoro-6-nitroacetanilide, we were able to isolate a second
product, in ~ 1:3 ratio, identified as 2,4-difluoro-5-nitroace-
tanilide. Although this compound has been reported in two
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previous patents [21,22], its characteristics were not indi-
cated, thus both analytical and spectroscopic data are now
given: m.p. 146-148°C; yield 11%; IR (nujol): v»3240,3200,
3130, 1675, 1640, 1610 cm ™ '; NMR (CDCl;): §9.15 (1H,
dd, J=8.2 and 8.0 Hz, H-6), 7.52 (1H, s, NH), 7.09 (1H,
dd, 7=10.4 and 10.2 Hz, H-3), 2.27 (3H, s, CH,). Anal.
C:HF,NO; (202.1): C,H,F, N.

Diamines 1i and 11 were prepared by reduction of the parent
nitroanilines 41 and 42, respectively. In the case of 1i previ-
ously isolated in 51% yield by El-Abadelah et al. [23], we
were able to obtain an overall yield of 75% using an ethanolic
solution of hydrazine in the presence of 10% Pd/C, while 11
was obtained in 80% yield by hydrogenation in a Parr appa-
ratus using PtO, as catalyst. Data for the unknown 11 are
given as follows: m.p. 124-127°C; IR (nujol): »3350, 3230,
1630, 1525 cm™'; NMR (CDCL): 8 6.47 (1H, d, J=12.8
Hz, H-3),6.36 (1H,d, J=8.2 Hz, H-6), 3.85 (4H,t,/=4.6
Hz, CH,-3' +CH,-5"), 3.50 (4H, s, 2 NH,), 2.96 (4H, t,
J=4.6 Hz, CH,-2' + CH,-6").

Intermediates 41 and 42 were in turn prepared by modi-
fying the method described by El-Abadelah et al. [24] for
the 4-fluoro-5-(4-methyl-1-piperazinyl)-2-nitroaniline (41),
by straightforward condensation of the 4,5-difluoro-2-nitro-
aniline (40) with 4-methylpiperazine (95% yield) and mor-
pholine (97% yield), respectively, and successive crys-
tallization from diethyl ether. Data for the unknown
4-fluoro-5-morpholino-2-nitroaniline 42 are as follows: m.p.
182-183°C, IR (nujol): » 3440, 3320, 1630, 1610, 1570
cm~'; NMR (CDCl; +DMSO-de): §7.61 (1H, d, J=14.2
Hz, H-3), 6.92 (2H, s, NH;), 6.25 (1H, d, /=8 Hz, H-6),
3.76 (4H, t, J=4.4 Hz, CH,-3' +CH,-5"), 3.14 (4H, t,
J=4.4 Hz, CH,-2' + CH,-6").

3.2. General procedure for preparation of the substituted
2-ethoxycarbonylquinoxalin-3-ones 2—19

To a suspension of the appropriate diamine 1a-1 (2 g, 8.8
18.5 mmol) in ethanol (30 ml), diethyl ketomalonate (1.85—
3.87 g, 10.6-22.2 mmol) was slowly added under stirring,
and the mixture was refluxed for 2 h. After evaporation of
the solvent, the crude residue was purified by chromatogra-
phy or recrystallization. In Table 1 we report the structures,
melting points, yields, purification methods used, and spec-
troscopic data of all compounds synthesized.

3.3. General procedure for preparation of the substituted
2-carboxyquinoxalin-3-one acids 20-27

A suspension of the appropriate ester 2-6 or 9-11 (0.5 g,
1.7-2.3 mmol) in 2 M NaOH aqueous solution (10 ml) was
stirred under reflux for 1 h. On cooling, the solution was made
acidic (pH 2-3) using 6 M HCl aqueous solution. The result-
ing precipitate was collected by filtration, washed with water
and eventually dried. Structures, melting points, yields, puri-
fication methods used, and spectroscopic data of synthesized
acids are reported in Table 1.

3.4. General procedure for preparation of
N-ethyl-2-ethoxycarbonylquinoxalin-3-ones 28-31 and
3-ethoxy-2-ethoxycarbonylquinoxalines 32-35

A solution of the appropriate ester 2, 5,9 or 10 (1 g, 3.5-
4.4 mmol) in anhydrous N,N-dimethylformamide (DMF, 5
ml) was slowly added to a stirred suspension of sodium
hydride (0.1-0.13 g, 4.2-5.3 mmol), as 60% dispersion in
mineral oil, in 10 ml of anhydrous DMF. The reaction mixture
was then heated under reflux for 2 h, ethyl iodide (1.9-2.4 g,
12.2-15.4 mmol) was added and the reflux continued for an
additional 6 h. On cooling, the solvent was removed in vacuo
and the residue was taken up with water and extracted with
chloroform. The combined extracts were dried on anhydrous
sodium sulfate and evaporated in vacuo to give a crude prod-
uct which was purified by flash-chromatography on a silica
gel column, using a mixture of diethyl ether/light petroleum
in the ratio 60:40 as eluent. In Table 1 we report the structures,
melting points, yields, purification methods used, and spec-
troscopic data of all synthesized compounds.

3.5. Hydrolysis of N-ethyl-2-ethoxycarbonylquinoxalin-3-
ones 28-31 and 3-ethoxy-2-ethoxycarbonylquinoxalines
32-35

In an identical manner to that reported above for the prep-
aration of the acids 20-27, on hydrolysis of the N-ethyl deriv-
atives 28-31 we obtained the acids 3639, whereas 2-ethoxy
esters 32-35 gave the acids 20, 23, 25, and 26, identical to
the compounds described above. Structures, melting points,
yields, purification methods used, and spectroscopic data of
the synthesized acids are reported in Table 1.

4. Microbiology

Antimicrobial activity was investigated in vitro at the Insti-
tute of Microbiology and Virology of Sassari University. The
strains used were Escherichia coli ATCC 25922, Escherichia
coli (hospital isolate), Pseudomonas aeruginosa ATCC
27922, Staphylococcus aureus ATCC 25923, Candida spp.
(hospital isolate), Trichomonas vaginalis, Leishmania
major, and Acanthamoeba castellanii.

The minimum inhibitory concentration (MIC) was deter-
mined according to the dilution method in broth with test-
tubes. Each compound was dissolved in dimethyl sulfoxide
(DMSO), then diluted in Lb broth (Luria broth, Difco). The
range of concentration used for each compound was 500-0.5
ug/ml. The final concentration of the inoculum was 10°
CFU/ml. After overnight incubation at 37°C, test organisms
were diluted to the optical density of a 0.5 McFarland turbid-
ity standard and measured at 450 nm. The MIC was deter-
mined as the lowest concentration of compound that
completely inhibited bacteria growth.

5. In vitro antitumoral and anti-HIV activity

Some of the new compounds synthesized (6, 9, 13, 21, 23,
24, 25, 26 and 28) were evaluated for anticancer and anti-
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HIV activity at the National Cancer Institute (NCI),
Bethesda, MD, USA, following the known in vitro disease-
oriented antitumor screening program against a panel of ~ 60
human tumor cell lines and the anti-HIV drug testing system
[25,26]. The activity of each compound tested was deduced
from dose-response curves on the basis of the data provided
by NCI.

6. Results and discussion

All described quinoxalinones and quinoxalines were tested
in vitro for antibacterial activity against Gram positive (S.
aureus) and Gram negative (E. coli and Ps. aeruginosa)
bacteria. The results obtained generally indicate that most of
these compounds were only poorly active or completely in-
active (MIC>500 pg/ml). However, the esters 3, 8 and
19 showed a moderate activity against Ps. aeruginosa
(MIC =250 p.g/ml). The ester 10 was active against E. coli
(MIC =125 pg/ml) and against S. aureus (MIC =250 g/
ml), while the ester 9 and the acid 23 exhibited activity
against E. coli (MIC= 125 pg/ml). Compounds 3, 4, 6, 9,
10,13, 14,15, 17, 19 and 21 were also tested against Candida
spp. (hospital isolate). Only derivative 3 showed activity
(MIC =250 pg/ml). None of the compounds (4, 13, 14, 15,
26 and 30) tested against protozoa showed appreciable
activity.

Finally, the results of both anticancer and anti-HIV activ-
ities were barely significant. Only a few compounds (6, 9,
13, 23 and 26) exhibited modest growth inhibition on some
subpanel cell lines at 10 ~* molar concentration.
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