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Quinoxaline derivatives as potential antituberculo-
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Following the results of research and development of po-
tential antituberculotics, Waisser et al. concluded in 1995
that the alkylsulfanyl group linked to an electron-deficient
carbon is a pharmacophore of antituberculotic activity [1].
This hypothesis was corroborated on a broad variety of
compounds, the structures of which fit this reqiurement,
such as 2-alkylsulfanylbenzothiazoles [1], tetrazole deri-
vates (1-aryl-Salkylsulfanyl-1,2,3,4-tetrazoles) [2, 3], and
substituted pyridine derivatives [4].

The aim of this work was to find out whether this hypoth-
esis is also valid for quinoxaline derivatives, namely 3-
methyl-2-alkylsulfanylquinoxalines. Thus, our goal was to
prepare a series of these derivatives, and to evaluate their
antimycobacterial activity against various strains of myco-
bacteria.

The compounds were made as depicted in the Scheme.
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3-Methyl-2-quinoxalinol (1) was prepared by the conden-
sation of o-fenylendiamine with pyruvic acid. The hydro-
Xy group was then converted to the sulfanyl moity using
two different procedures. Firstly, the starting compound 1
was treated with phosphorus(V)sulfide in an pyridine to
yield 3-methyl-2-quinoxalinethiol 3. Secondly, compound
1 was melted with phosphorus(V)chloride, and the resul-
tant chloroderivative was subjected to reaction with thiour-
ea which afforded the corresponding isothiuronic salt. Fi-
nally, the base-catalyzed cleavage of the salt gave rise to
3-methyl-2-quinoxalinethiol.

Two alkylation methods were employed to prepare 2-al-
kylthio-3-methylquinoxaline 2: alkylation under the condi-
tions of classical nucleophilic substitution, and under the
conditions of phase-transfer catalysis using tetrabutylam-
monium bromide as a catalyst.

Overall, we prepared 11 target compounds, out of which 6
had not been described in the literature as yet. Their struc-
tures were confirmed by 'THNMR, 3CNMR, and IR spec-
tra. IR spectra of the substances showed characteristic
C—H,yn vibrations in the range of 3055-3065cm™,
C—H,y in the range of 2850-2890 cm™!, and the bands
of C—C and C—N bonds of quinoxaline in the range of
1050-1550 cm™!. In the 'HNMR spectra, the signals of
aromatic hydrogens appeared as multiplets in the range
7.95-7.85 ppm and 7.65-7.52 ppm.

The substances were evaluated for antituberculotic activity.
The evaluation was carried out in vitro against the follow-
ing strains of mycobacteria: Mycobacterium tuberculosis,
Mycobacterium kansasii, Mycobacterium fortuitum, Myco-
bacterium avium and Mycobacterium intracellulare. The
results of this evaluation (Table) allow a few conclu-
sions.

For the derivatives with an unbranched alkyl in the mole-
cule, the activity depends on the length of the chain, and
reaches its maximum in the case of a four-carbon residue.
The activity rapidly declines with prolonging of the chain:
the pentyl and hexyl derivatives as well as the cetyl deri-
vative possesses virtually no activity. The introduction of
the benzyl group also results in obtaining an inactive com-
pound, but the prolonging of the alkyl link between sul-
phur and the benzene ring increases the antituberculotic
activity. The branching of the alkyl chain gives rise to a
increase in the activity as compared to a linear alkyl. Al-
lyl, on the other hand, slightly increases the activity. In

Table: Antimycobacterial activity (MIC, umol/l) of 2-alkylthio-3-methylquinoxalines (INH = isoniazid)

$—R
A
(L

CH3

R M. tuberculosis M. kansasii M. fortuitum M. avium M. avium M. avium M. intracellulare M. intracellulare
TBC 1/47 My 235/80 My 187/73 My 66/72 D5/93 My 80/72 D 39/93 D 38/92

C,H;s 250 250 63 250 125 63 250 63
CsHy 250 250 125 250 500 250 500 63
CsHy 125 63 63 250 63 125 250 63
CsHyy 500 250 250 1000 1000 1000 500 250
CeHi3 500 500 >1000 250 500 1000 1000 63
CicHs3 500 500 >1000 >1000 1000 1000 500 500
CH,CsHs5 1000 1000 >1000 >1000 >1000 >1000 >1000 63
CH,CH,C¢Hs 125 125 >1000 250 63 250 250 125
CH,CHCH, 250 125 250 63 250 500 500 125
CH(CH,), 500 250 1000 125 500 500 500 500
CH,CH(CH3), 1000 500 500 125 1000 1000 1000 250
INH 4 500 63 250 63 125 250 63
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summary, the most active compounds were 3-methyl-2-
ethylsulfanylquinoxaline and 3-methyl-2-butylsulfanylqui-
noxaline. These substances showed higher activity against
some atypical strains of mycobacteria as compared to the
commercially used antituberculotic drug isoniazide.

This study thus represents a further confirmation of the
hypothesis of the alkylsulfanyl group bond to an electron-
deficient carbon atom being a pharmacophore of antituber-
culotic activity, as the results fall well in line with it.
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Determination of flurbiprofen in serum by capillary
isotachophoresis

J. SADECKA, A. HERCEGOVA and J. POLONSKY

Flurbiprofen is non-steroidal anti-inflammatory drug which
has a therapeutic range of 2—12 mg/1 (0.008—0.049 mmol/l)
in serum [1]. HPLC [2-6], high-performance thin-layer
chromatography [7] and capillary zone electrophoresis [1]
have been used to determine flurbiprofen in plasma, serum
and urine. Each of these methods requires a sample prepara-
tion based on simple acetonitrile deproteinization [6], li-
quid-liquid extraction [2, 5, 7] or on-line dialysis [1]. The
aim of this work was the development of a isotachophoretic
method for the determination of flurbiprofen in serum sam-
ples. The method involved deproteinization of the biologi-
cal sample with ethanol.

A series of standard curves (n =15) of flurbiprofen were
prepared both in ethanol and in serum over a concentra-
tion range of 0.006-0.060 mmol - 1=!. The mean values of
correlation coefficient (1), line slope (zone length -1/
mmol) and intercept (zone length) were 0.999 + 0.002
(standard deviation, SD), 170.1 £1.63 (SD), and
0.02 +0.01 (SD) for standard curve in ethanol, while
those in serum showed mean values of 0.998 + 0.003
(SD), 160.1 £4.15 (SD), and 0.24 £+ 0.01 (SD), respec-
tively. The limit of detection for flurbiprofen in serum was
found to be 0.003 mmol -1-!. The limit of quantitation
was 0.006 mmol - 1-!. The accuracy and precision (Table)
of the method were evaluated by analyzing five replicates
of spiked serum at each concentration against calibration
curve. Accuracy was given by the % bias (mean of meas-
ured — mean of added/mean of added) x 100. The mean
bias was —7.4%. The precision expressed as relative
standard deviation (RSD) was 2.7%. The recovery of flur-
biprofen was determined by comparing the zone length
from drug-free serum spiked with known amounts of flur-
biprofen with the zone length of the same concentration
prepared in ethanol. The use of a protein denaturation
with ethanol resulted in mean recovery of 93.7%. The uti-
lity of the method was assessed by determining the serum
concentration of flurbiprofen following single oral admi-
nistration of flurbiprofen in a set of patient’s samples. A
representative isotachopherogram of a serum sample from
a patient who had received a single oral dose of 50 mg of
flurbiprofen is demonstrated in the Fig. No interfering me-
tabolite zones were observed in serum. Drugs which did
not interfere with the assay are: amiloride, diclofenac, fe-
noprofen, ibuprofen, ketoprofen, labetalol, metoprolol, and
naproxen.

Table: Accuracy, precision and recovery of the analytical pro-

cedure for flurbiprofen

Added Found Accuracy Precision Recovery
(mmol - 171) (mmol - 171 Bias (%) RSD (%) Mean (%) RSD (%)
0.0060 0.0054 —10 3.7 90.1 3.7
0.0100 0.0095 -5.0 4.2 94.9 3.8
0.0015 0.0142 -53 1.8 94.1 2.1
0.0200 0.0190 -5.0 2.2 95.0 2.1
0.0300 0.0288 —12.0 4.0 96.0 4.0
0.0500 0.0455 -9.0 1.8 91.1 1.7
0.0600 0.0568 -5.3 1.3 94.7 1.4
Mean 7.4 2.7 93.7 2.4
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