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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF NEW
DERIVATIVES OF 1,4-DI-N-OXIDES OF QUINOXALINE

R. G. Glushkov, T. 1. Vozyakova, E. V. Adamskaya, UDC 615.281:547.863.11].012.1.07
S. A. Aleinikova, T. P. Radkevich, L. D. Shepilova,
E. N. Padeiskaya, and T. A. Gus’kova

In the series of derivatives of 1,4-di-N-oxides of quinoxaline, compounds are known which exhibit high antibacterial
activity: the drugs quinoxaline and dioxidine, and also analogs containing fluorine and chlorine atoms in the 6 position [1-3].

With the goal of searching for new drugs with a broad spectrum of antibacterial action, it was of interest to synthesize
and study the biological activity of compounds containing chlorine or fluorine atoms in the 6 and 7 positions. Of special interest,
in our opinion, was synthesis of compounds with chlorine or fluorine atoms in the 6 position and a substituted amino group in
the 7 position, since an analogous moiety is found in the structure of antibacterial drugs of the quinolone carboxylic acid series
{41.

We obtained compounds (V) (analogs of the drug quinoxidine) from benzofuroxanes (II). The starting compounds Ila-c
were synthesized by oxidation of 4,5-substituted nitroanilines (Ia-c) by sodium hypochlorite in a water —alcohol base medium.
When the synthesis of benzofuroxane IIg was atiempted under these conditions, substitution of the fluorine by an ethoxy group
occurred and instead of compound IIg, we isolated 5-ethoxy-6-chlorobenzofuroxane If. Accordingly, for synthesis of
benzofuroxanes IId, e we used the method of pyrolysis of azides.

The benzofuroxanes Ila-f were reacted with methyl ethyl ketone in the presence of ammonia or amine; the di-N-oxides
of the quinoxalines formed (Illa-f) were brominated, and the bis-bromomethyl derivatives obtained (IVa, c-¢) were reacted with
triethylammonium acetate with formation of diacetates (Va, c-¢). We could not substitute the bromine atoms by acetoxy groups
in the di-N-oxide of bis-bromomethylquinoxaline (IVb) due to the low stability of this compound, isolated only in the form of

the monobromohydrate.
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TABLE 1. Physicochemical Properties of Synthesized

Compounds
) )
Com- ;Yield, m.p., °C Empirical formula
pound | % (solvent)
ib 71 1156 (ethanol) C;H13CINO:
e 82 128—30 (ethanol) CioH1oCIN3Os
Id 95 82—4 Eahanol) CsHCIFN,O,
e 52 56—8 (ethanol) CsHaFaN20,
Hf 47 106—8 (ethanol) CyH;CIN,Os
Hia 9! 2289 gc(hanoh CioH¢C1;N:0;
ilib 87 193—5 (benzene) CysH, sCIN,O2
ftic 62 191—3  (ethanol) CieH16CINZOs
1id 60 209—11 (DMF) . CoHsCIFN202
1le 95 242—4 (ethanol} CioHsF;N:O2
mf 44 220—2 (acetone) Cy2H,3CIN:O;
Va 80 212—4 (chloroform)) CoHsBr,ClN7O,
Vb 2! 200—2 (ethanol) CisH1sBrsCIN,Os
ive 24 130—2 (ethanol) Ci14H14BrCIN;O,
tvd 75 183—5 cnz.cnc; CioHsBr;CIFN,0,
Ve 76 179—81 (benzene, CioHsBryF2N20,
wif 70 194—5 (DMPF) . C,2H,,CiBr2N,O;
Va 77 201—3 (acetone) C,H)2C12N206
Vb 26 194—-5 (acetone) CiaH20CIN;O,
vd 76 168—70 (ethvlacetate) C14H,2CIFN206
Ve 70 152—4  (ethanoh Ci4H2F2N206
vi 43 12931 (CCly — PE==1:1) CsH2aCINOs
Vi 68 157 -9 CsH\1sCIN,Os

By reaction of benzofuroxane IIb with the sodium salt of oxaloacetic acid we synthesized the 1,4-di-N-oxide of the
diethyl ester of 6-chloro-7-(4'-methylpiperazinyl-1’)quinoxaline-2,3-dicarboxylic acid (VI), upon base hydrolysis of which we
obtained the corresponding acid VII.

The structure of all the newly synthesized compounds were unambiguously confirmed by NMR and mass spectral data.

EXPERIMENTAL (CHEMICAL)

The mass spectra of the synthesized compounds were obtained on the MAT-112 spectrometer, ionizing potential 50 eV,
ionization chamber temperature 140°C; the '"H NMR spectra were obtained on the XL-200 spectrometer, internal standard TMS.

The physicochemical properties of the synthesized compounds are presented in Table 1. The elemental analysis results
correspond to the calculated values.

5,6-Dichlorobenzofuroxane (Ila) was obtained by the familiar method in [5].

5-Chloro-6~(4"-methylpiperazinyl-1’)benzofuroxane (IIb). 5.69 g (21 mmoles) nitroaniline Ib was added to a solution
of 14 g KOH in 175 mi ethanol, stirred at 3540°C for 30 min, cooled down to 5°C. Then 322 ml 6% aqueous sodium
hypochlorite solution was added at a rate such that the temperature of the reaction mass did not go above 22°C. It was held at
this temperature for 1 h; the precipitate was filtered, washed with water, and recrystallized.

5-Chloro-6-morpholinobenzofuroxane (IIc) and 5-Ethoxy-6-chlorobenzofuroxane (IIf). Obtained analogously to
compound IIb.

5-Fluoro-6-chlorobenzofuroxane (Ild). A solution of 1.79 g (9 mmoles) nitroaniline Id in 15 ml acetic acid was added
dropwise to a solution of 0.69 g (10 mmoles) NaNO, in 15 ml concentrated H,SO, at a rate such that the temperature of the
reaction mass did not go above 30°C; this was cooled down to 5°C and held at this temperature for 1 h. It was poured over
ice and a solution of 0.58 g (9 mmoles) sodium azide in 5 ml water was added. The precipitate was filtered, dried under vacuum
for 2 h, and dissolved in 10 ml acetic acid. The solution was boiled for 1 h, cooled, and decanted into water; the precipitate
was filtered and recrystallized.

5,6-Difluorobenzofuroxane (Ile). Obtained analogously to compound IId.

1,4-Di-N-oxide of 2,3-Dimethyl-6,7-dichloroquinoxaline (Ifla). 3.33 g (16 mmoles) benzofuroxane Ila was added to
a solution of 1.24 g (17 mmoles) methyl ethyl ketone in 5 ml DMF. This was heated up to 40°C and then 0.3 ml 25% aqueous
ammonia solution was added. The reaction mass was heated up to 55-60°C, stirred at this temperature for 1 h, and cooled. The
precipitate was filtered, washed with water, and recrystallized.

Di-N-oxides of quinoxalines (Illc, d, f) were obtained analogously to compound Ila.

1,4-Di-N-oxide of 2,3-Dimethyl-6-chloro-7-(4'-methylpiperazinyl-1')quinoxaline (IIIb). 3.74 g (14 mmoles)
benzofuroxane IIb was added to a solution of 1.06 g (15 mmoles) methyl ethyl ketone in 4 ml DMF. This was heated up to 40°C
and 0.3 ml 25% aqueous ammonia solution was added. The reaction mass was heated up to 55-60°C, stirred at this temperature
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TABLE 2. Antibacterial and Antifungal Activity of
Synthesized Benzofuroxanes and Di-N-oxides of Quinoxa-
lines in Vitro

MIC, pg/mi
Bac. Pr. Ps. : Tr.
St. . M. ca- |C. albi-
Com- sub- | E. coli | vulga- | aeru- R gyp-
BUTeUS | ifjs ris fginosa] ™% | €A )} seum

pound

ATCC | ATCC | ATCC | ATCC } ATCC 885—
6538-p | 6633 | 25922 | 6896 | 27853 | 3/83 653 5/85

39 156 =>250 >250 125 31,2 125
7.8 >250 >250 >250 39 156 156

Iid 39 156 62,5 >250 >250 7,8 31,2 {56
e 312 625 625 >250 >250 7.8 625 78
ur 20 39 >250 >250 >250 156 156 7.8
Ma 250 =250 =250 >250 >250 >250 >250 >250
Mb =250 =250 =250 =250 >250 =250 >250 >250
Hlc =250 >250 >250 >250 >250 >250 =250 =250
Md i25 125 =250 >250 >250 >250 =250 >250
Tlle 250 250 >250 >250 >250 >250 >250 >250
mf 250 >250 =250 >250 =250 >250 >>250 >250
IVa 125 >250 >250 >250 =>250 125 625 125
Ve 31,2 31,2 >>250 >250 >250 156 31,2 78
Ivd 78 39 250 250 >250 78 156 78
IVe 125 250 250 250 >250 7.8 312 156
IVf 625 31,2 >250 >250 >250 125 125 31,2
Va 125 =250 >250 >250 >250 >250 =250 >250
Vd 78 39 >250 >250 =250 >250 >250 =>250
VI 31,2 31,2 >250 >250 >250 >250 >250 >250
VI >250 >250 >250 =250 >250 >250 =250 >250

for 1 h, and cooled down to room temperature. 20 ml water was added and it was filtered. The filtrate was extracted with
chloroform and the extract was dried over Na,SO,. After evaporation under vacuum, the residue was recrystallized.

1,4-Di-N-oxide of 2,3-Dimethyl-6,7-difluoroquinoxaline (IIle). 0.47 g (6.4 mmoles) butylamine was added to a
solution of 1 g (5.8 mmoles) benzofluroxane Ile in 2.6 g (32 mmoles) methy! ethyl ketone. This was stirred for 1 h at room
temperature and 10 ml petroleum ether was added. The precipitate was filtered and recrystallized.

1,4-Di-N-oxide of 2,3-bis-Bromomethyl-6,7-dichloroquinoxaline (IVa). A mixture of 6.27 g (24 mmoles) di-N-oxide
IIa, 10 mi DMF, and 10 ml CH,Cl, was heated up to 53°C. 11.65 g (73 mmoles) bromine was added dropwise. It was stirred
at this temperature for 3 h and then cooled down to room temperature, The reaction mass was diluted with 60 ml water, the
residue was filtered, washed with water, and recrystallized.

Di-N-oxides of quinoxalines (IVb-f) were obtained analogously to compound IVa. The di-N-oxide of quinoxaline IVb
was isolated as the bromohydrate by dilution of the reaction mass with methylene chloride. The precipitate was filtered and
recrystallized. _

1,4-Di-N-oxide of 6,7-Dichloro-2,3-bis(acetoxymethyl)quinoxaline (Va). 2.89 g (29 mmoles) triethylamine was added
dropwise to a solution of 3.43 g (57 mmoles) glacial acetic acid in 40 ml acetone at 20-25°C. This was held for 15 min and
then 4 g (9.6 mmoles) di-N-oxide IVa was added. The mixture was boiled for 1 h and then cooled down to room temperature.
The precipitate was filtered, washed with water, and recrystallized.

Di-N-oxides of quinoxalines (Vc-e) were obtained analogously to compound Va.

1,4-Di-N-oxide of the Diethyl Ester of 6-Chloro-7-(4'-methylpiperazinyl-1")quinoxaline-2,3-dicarboxylic Acid (V).
A mixture of 1.41 g (5.25 mmoles) benzofuroxane IIb, 0.26 g (5.47 mmoles) of the sodium salt of the diethyl ester of
oxaloacetic acid, and 0.07 g (1.3 mmoles) ammonium chloride in 10 ml isopropanol was stirred at room temperature for 4 h
and then evaporated under vacuum. 10 ml water was added and it was extracted with chloroform. The extract was washed with
water twice and dried over Na,SO,. The solution was evaporated down to a volume of 15 ml and diluted with 30 mi hexane.
The precipitate was filtered and recrystallized.

1,4-Di-N-oxide of 6-Chloro-7-(4’-methylpiperazinyl-1')quinoxaline-2,3-dicarboxylic Acid (VII). A mixture of 0.63
g (1.43 mmoles) ester VI and 12.6 ml 2.5 N NaOH was stirred at room temperature for 40 min and filtered. The solution was
acidified by 2.5 N HCl to pH 1. The precipitate was filtered and washed with petroleum ether.
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EXPERIMENTAL (BIOLOGICAL)

The antibacterial and antifungal activity of the synthesized compounds were studied in vitro by twofold dilution series
on a liquid nutrient medium: Hottinger’s broth (for the bacteria) and Saburo’s medium (for the fungi). As the test bacteria we
used S. aureus ATCC 6538-p, Bac. subtilis ATCC 6633, E. coli ATCC 25922, Ps. aeruginosa ATCC 27853; in experiments
with fungi, test strains of M. canis 3/83, Tr. gypseum 5/85, and C. albicans ATCC 885-653. The microbial load in experiments
with bacteria was 1 -10° CFU/ml; with the fungi, 1 +10° CFU/ml. The bacteria were incubated at 37°C for 18 h; the fungi,
at 25°C for 24 h in experiments with C. albicans and for 5 days with the dermatophyte fungi M. canis and Tr. gypseum. The
compounds were tested at a concentration of 250 ug/ml and lower. _

In the in vivo experiments, we studied the chemotherapeutic efficacy of eight compounds: IIla, b, d, e, IVa, Va, VI,
VII. The experiments were done on models of septicemia in mice induced by Ps. aeruginosa 165, S. typhi 4446, St. aureus 178.
The infectious dose for intraperitoneal injection was 1-10% CFU for Ps. aeruginosa, 1107 CFU for S. typhi, and 1 +10%
CFU for St. aureus. The compounds were injected in doses of 200-400 mg/kg; the compounds IIla, b, d, e, IVa, Va were used
per os, while the compounds VI and VII were used subcutaneously. The results of the experiments were assessed from the
survival rate of the animals on the 10th day of the experiment compared with the control group of mice.

As we see from Table 2, compounds Ilc, d, f, IVc exhibited pronounced activity in virro (MIC 2-7.8 pg/ml) with respect
to the Gram-positive bacteria (St. aureus, Bac. subtilis) and pathogenic fungi, while compounds Ile and IVe were active only
against the fungi. Compounds Vd and IIb were active with respect to the Gram-positive bacteria, while compounds IVf and IVc
were moderately active with respect to St. aureus, Bac. subtilis and the fungi. None of the compounds inhibited the growth of
Gram-negative bacteria, except for IIb and Ile, which at a concentration of 15.6-62.5 ug/ml displayed moderate activity with
respect of E. coli.

The components studied in vivo displayed very weak therapeutic action or were inactive for the experimental septicemia
in mice induced by Ps. aeruginosa, S. typhi, and St. aureus.

Thus, in the in vitro experiments, we established that the benzofuroxanes ITb-f, containing halogen atoms in the 5 and
6 positions and substituted amino groups, exhibit pronounced activity with respect to Gram-positive bacteria and pathogenic
fungi.

For derivatives of di-N-oxides of quinoxalines, in vitro we observe some dependence of the biological action of these
compounds on the type of substituent. Thus, none of the investigated di-N-oxides of quinoxalines with methyl substituents in
the 2 and 3 positions display antibacterial and antifungal activity. Introduction of bromomethyl substituents into the 2 and 3
positions of the di-N-oxides of quinoxalines leads to the appearance of pronounced or moderate activity with respect to
pathogenic fungi. Only the bis-bromomethyl derivatives with an asymmetric structure, having different substituents in the 6 and
7 positions, exhibit activity with respect to Gram-positive bacteria.

Of the two investigated bis-acetoxymethyl derivatives of di-N-oxides of quinoxalines, only the compound with an
asymmetric structure (Vd) displayed pronounced activity with respect to Gram-positive bacteria.

None of the studied compounds were chemotherapeutically effective in the models of septicemia in mice induced by Ps.
aeruginosa, S. typhi, and St. aureus.
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