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The Synthesis of 6-(N-Arylamino)-7-Chloro-5,8-Quinolinedione
Derivatives for Evaluation of Antifungal Activities
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A series of 6-(N-arylamino)-7-chloro-5,8-quinolinedione derivatives was newly synthesized for
the evaluation of antifungal activities. 5-Amino-8-hydroxy-quinoline (ll) was treated with KCIO;
in HCl to give 6,7-dichloro-5,8-quinolinediones (). 6-(N-Arylamino)-7-chloro-5,8-quinolinedio-
nes 1-12 were prepared by regioselective nucleophilic substitution of Il with arylamines.
In the presence of CeCl;, the N-arylamino groups were introduced at the 6-position of 5,8-
quinolinedione ring by the regioselective substitution. These derivatives 1-12 were tested
for antifungal and also antibacterial activities, in vitro, against Candida albicans, Aspergillus
niger, Tricophyton mentagrophytes, Bacillus subtilis, Pseudomonas aeruginosa, Staphylococcus
aureus and Escherichia coli. The MIC values were determined by the two-fold agar/streak
dilution method. Newly obtained 6~(N-arylamino)-7-chloro-5,8-quinolinedione derivatives sho-
wed potent antifungal and antibacterial activities. Among these derivatives, 1, 3, 5, 7, 8 and
9 showed more potent antifungal activities than fluconazole and griseofulvin. Also most of
derivatives were found to be more active than ampicillin against gram-positive bacteria. 1
and 7 showed the very potent antifungal activities. 1 was the most effective in preventing
the growth of Candida albicans, Aspergillus niger, Tricophyton mentagrophytes, Bacillus subtilis
and Staphylococcus aureus at MIC 1.6 pg/ml,
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INTRODUCTION

Quinone derivatives such as quinolinedione, naph-
thoquinone, benzoquinone, p- and o-dihydroxyqui-
none possess various biological activities (Clark et al.,
1984, Lin et al., 1991, Niels et al., 1986, Ryu et al.,
1992, 1993, Take et al., 1986, Wum et al., 1980). 5,8-
Quinolinediones among the quinone derivatives have
potent antifungal, antibacterial (Roberts et al., 1978,
Wagner et al., 1962), antimalarial (Bowman et al,, 1973,
Porter et al., 1971) and antineoplastic (Inouye et al.,
1987, Yasuda et al., 1987) acitivities. The 5,8-quinoline-
dione ring is the potent minimum pharmacophore of
antitumor antibiotics such as streptonigrin and laven-
damycin (Rao et al., 1991, Inouye et al., 1987). The
streptonigrin and lavendamycin produce superoxide
(Cadenas et al., 1990) and inhibit reverse transcriptase
of virus (Inouye et al., 1987, Hafuri et al., 1988) and
have also potent activity against anaerobic bacteria that
has not superoxide dismutase (Hassan et al, 1977).

Conrespondence to: Chung-Kyu Ryu, College of Pharmacy, Ewha
Womans University, Seoul 120-750, Korea

139

The mechanism of cytotoxicities of 5,8-quinoline-
dione derivatives is due to inhibition of electron trans-
fer in respiratory chain of mitochondria and product
of oxygen free semiquinone radical (Oyanagui et al.,
1989). As antimetabolites of coenzyme Q, the 6-(subs-
tituted)-7-chloro-5,8-quinolinediones  inhibited mito-
chondrial Co-Q dependent succinoxidase and electron
transfer in Plasmodium, that was comelated with in vivo
antimalarial activity (Bowman et al., 1973, Porter et al.,
1971).

In previous paper (Ryu et al., 1992, 1993), quinone
derivatives were tested for antifungal activities. For the
continuous study on antifungal activities of quinones,
a number of 6-(N-arylamino)-7-chloro-5,8-quinolinedio-
nes were synthesized to determine their growth inhibi-
tory activities against fungi and bacteria. Following the
observation that certain 6- or 7-chloro-5,8-quinoline-
diones have specially antifungal and antibacterial acti-
vities (Roberts et al.,, 1978, Wagner et al., 1962), a se-
ries of 7-chloro-5,8-quinolinediones was extended fur-
ther by the preparation of other types of derivatives.
The potentiating effect on antifungal activities may be
increased by N-arylamino chain attached to the 6-po-
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Schem 1. Synthesis of 6-(N-arylamino)-7-chloro-5,8-quinoline-
dione.

sition of 5,8-quinolinediones (Wagner et al., 1962). The
N-arylamino chains were also introduced to a 5,8-qui-
nolinedione ring, together with other 7-chloro group.

The 6-(N-arylamino)-7-chloro-5,8-quinolinedione de-
rivatives 1-12 were prepared selectively by nucleophilic
substitution of 6,7-dichloro-5,8-quinolinedione with the
arylamines in the presence of CeCl3 (Pratt et al., 1962)
(Scheme 1).

The derivatives 1-12 were tested for their growth
inhibitory activities against fungi and bacteria. The MIC
values were determined by the standard two-fold agar
dilution/streak method (Mcginnis et al., 1990, Ryu et
al, 1992, 1993).

MATERIALS AND METHODS

Material and Apparatus

8-Hydroxyquinoline and arylamines were obtained
from Aldrich Chemical Company, ethanol and bromine
from Shinyo Pure Chemicals Co. Mueller-Hinton broth,
Sabouraud Agar and Brain Heart Infusion (BHI) broth
were purchased from Difco. Other. chemicals such as
DMSO, fluconazole, griseofulvin and ampicillin were
reagent grade commercially available.

All melting points were measured in open capillary
tubes with Thomas Hoover Capillary Apparatus Model
and were uncormected.
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The extent of reaction was checked on TLC that
was performed on precoated silica gel (60G 254,
Merck); CHCl: for solvent; detected by heating at
110°C after spraying 30% H,SO, vanillin solution.

IR spectra were taken from Brucker IR spectrometer
with KBr pellet. 'H-NMR spectra were recorded in
DMSO-d¢ on Perkin Eimer Model 1420 spectrometer
(80 MHz), and chemical shifts are given in ppm with
TMS as standard. UV spectrophotometer from Shima-
dzu UV-120-02 was used.

The microorganisms were incubated in shaking water
bath from Vision Scientific Co.

Synthesis of 5-nitroso-8-hydroxyquinoline hydrochlo-
ride (I)

To a solution of 8-hydroxyquinoline (58 g, 0.40 mol)
in water (200 ml), C-HCl (74 ml) and ice (200 g was
added a solution of NaNO, (30 g) in water (100 ml)
in portions with vigorous shaking over 1 hr at 0 to
4°C. The mixture was allowed to stand ovemight at
0°C before the product was filtered off and | (61 g
95%) was obtained.

Synthesis of 5-amino-8-hydroxyquinoline sulfate (II)

| (40 g 0.25 mol) was dissolved in water (160 ml)
and 5N-NaOH solution (269 ml). When the solution
was warmed to 40°C and treated with Na,S;0, (95 g,
the temperature rose spontaneously to 75-80°C. The
orange solution was allowed to cool slowly about
50°C; 12N-H.,SO, (250 ml) was then added and the
solution was maintained with stiring for 2 hr. The re-
sulting precipitate of Il was filtered off after the mixture
had been cooled in an ice-bath and Il was obtained
(34 g 69%).

Synthesis of 6,7-dichloro-5,8-quinolinedione (IIl)

KCIO; (5.5 g) was added over 40 min to a mixture
of Il (9 g 0.35 mol) in C-HCI (69 ml) at 60°C and
was heated at 50-60°C for 30 min. The mixture was
poured into ice water (500 ml). The precipitate was
filtered and recrystallized twice from BuOH.

6,7-Dichloro-5,8-quinolinedione (1l) (7.5 g, 90%, mp.
221-222°C) was obtained (Schelhammer et al., 1959,
mp. 220-222°C).

General procedure for synthesis of 6-(N-Arylamino)-
7-chloro-5,8-quinolinedione

A mixture of lll (2.27 g 0.01 mol) and arylamine
(0.011 mol) in EtOH (100 ml) was refluxed for 4-5
hr. After the mixture was kept overnight in the refrige-
rator or was poured into ice water (150 ml), the preci-
pitate was collected by filtration. It was dissolved in
hot EtOH and was recrystalized at room temperature.
And the recrystallized compound comesponding 6-(N-
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Table 1. The Structure and Physical Data of 6-(N-arylamino)-7-chloro-5,8-quinolinedione derivatives

Comp. No. N-Arylamino R R, R; mp. C  Yield % Color & Appearance
1 (3,4-difluoro-phenyl)amino H F F 192-193 82 pumple, needle
(3-cyano-phenyl)amino H CN H 256-258 80 violet, fine plate
3 (4-iodo-phenylamino H H 1 214-218 77 violet, fine plate
4 [ (4-bromo(2-trifluoromethyl)phenyl]amino CF, H Br 225-227 81 orange, plate
5 (3,4-dichloro-phenyl)amino H cl Cl 216218 94 purple, plate
6 (2,4-difluoro-phenyllamino F H F 195-197 83 red, plate
7 (2,4-dibromo-phenyllamino Br H Br 240-245 79 black, fine plate
8 (2,4-dichloro-phenyhamino cl H a 246-249 82 violet, needie
9 (3-chloro-4-methyl-phenyl)amino H Cl CH; 226-228 85 orange, needle
10 (4-chloro-3-nitro-phenyl)amino H NO, 255-257 90 red, fine plate
1 (4-Hydroxy-phenylamino H H OH 238-240 94 drak brown, plate
12 (3-methyl-4-bromo-phenyl)amino H CH, Br 213-216 89 pumple, amorphous
o
= cl EOH niger KCTC 1231, Tricophyton mentagrophytes KCTC
o v+ HN-R 6085. Also the following bacterial strains were used
N a as target organisms in the determination of antibacte-
m o rial activities: Bacillus subtilis ATCC 6633, Pseudomonas
o o aeruginosa NCTC 10490, Staphylococcus aureus ATCC
o N o 6538p & Methicillin resistant Staphylcoccus aureus, Es-
7z I cherichia coli NIH).
Sy a e - Prior to determination of antifungal activity, the st-
g Loy rains of fungi were cultured in Sabouraud agar at 30°C
v v for 3-7 days, whereas the strains of bacteria were cul-
Scheme 2. Substitution in the absence of CeCls. turgd in BHI broth at 37°C for 20 hr, and sybculturgd
again for 6 hr. The number of cells were adjusted with
. . . g
arylamino)-7-chloro-5,8-quinolinedione  was  filtered, sterile saline or the sterile BHI broth to 2X10° microo-

washed with cold EtOH and dried (Scheme 2, Table
I and W).

The used arylamines as reactants were 3,4-difluoroa-
niline, 3-cyanoaniline, 4-bromo-2-trifluoromethylaniline,
4-iodoaniline, 3,4-dichloroaniline, 2,4-difluoroaniline, 2,
4-dibromoaniline, 2,4-dichloroaniline, 3-chloro-4-meth-
ylaniline, 4-chloro-3-nitroaniline, 3-aminoacetophenone,
4-bromo-3-methylaniline.

Antimicrobial activities of 6-(N-arylamino)-7-chloro-5,
8-quinolinedione

The antimicrobial effect of the compounds 1-12 was
determined standard twofold agar dilution/streak
method (Mcginnis et al., 1990, Ryu et al., 1992, 1993).
The MIC (Minimal Inhibitory Concentration) of 1-12
was determined by judging visually the microbial gro-
wth in the series of test agar plates.

In the determination of antifungal activities, the fol-
lowing fungal strains were used as target microorgani-
sms: Candida albicans ATCC 10231 & local, Aspergillus

rganisms and then used for the tests.

Test compounds (4 mg) were dissolved in 2 ml of
DMSO and subjected to twofold step dilution of the
solution (0.05 ml). Then that was added to the melted
Sabouraud agar for fungi or Mueller-Hinton agar for
bacteria over a final concentration range of 0.8 to 100
ug/mi. A 3 ul of fungal or bacterial inocula containing
about 2X10° microorganisms was incubated by ma-
king a 2 cm long streak with loop on solidified agar
plates. And all the plates were incubated at 30 or
37°C for appropriate periods of time that sufficed to
show clearly visible growth of colonies on drug-free
control plates. The MIC was defined as the lowest
concentration of drug at which there was no visible
colonial growth. Fluconazole, griseofulvin and ampicil-
lin as antifungal and antibacterial standard substance
were used (Table Il and IV).

RESULTS AND DISCUSSION

Chemistry
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Table 1. The Spectral Data of 6-(N-arylamino)-7-chloro-5,8-quinolinedione derivatives

Comp. No. Spectral data; '"H-NMR (DMSO-de, 8 ppm), IR (Vemax KBr, cm™")
1 IR; 3210 (s, NH), 3020, 1680 (s, C=0), 1600, 1570, 1500, 1310, 1210, 840.
NMR; 7.2 (3H, m, benzene ring), 7.8-9.0 (3H, C:HiN), 9.4 (1H, NH).
2 IR; 3300 (s, NH), 3040, 2240 (s, C=N), 1670(s, C=0), 1600, 1580, 1380, 1270, 800.
NMR; 7.4-7.6 (4H, m, benzene ring), 7.8-9.0 (3H, C:HsN), 9.5 (1H, NH).
3 IR; 3220 (s, NH), 3040, 1680 (s, C=0), 1600, 1580, 1355,
NMR; 7.0-7.7 (4H, m, benzene ring), 7.8-90 (3H, C;HiN), 9.4 (1H, NH).
4 IR; 3220 (s, NH), 3010, 1680 (s, C=0), 1575, 1510, 1310, 1140.
NMR; 7.2-7.7 (3H, m, benzene ring), 7.8-9.0 (3H, GHsN), 95 (1H, NH).
5 IR; 3210 (s, NH), 3040, 1675 (s, C=0), 1600, 1580, 1310, 1020, 840.
NMR; 7.1-7.6 (3H, m, benzene ring), 7.8-9.0 (3H, CsH;N), 9.4 (1H, NH).
6 IR; 3220 (s, NH), 3040, 1680 (s, C=0), 1600, 1570, 1500, 1310, 1140, 850.
NMR; 7.2-7.8 (3H, m, benzene ring), 7.8-9.0 (3H, CsHiN), 9.2 (1H, NH).
7 IR; 3340 (s, NH), 3040, 1675 (s, C=0), 1600, 1575, 1365, 1280, 870, 800.
NMR; 7.2-7.8 (3H, m, benzene ring), 7.8-9.0 (3H, CsH;N), 9.2 (1H, NH).
8 IR; 3340 (s, NH), 3030, 1670 (s, C=0), 1600, 1380, 1270, 1140, 860, 800.
NMR; 7.4 (3H, m, benzene ring), 7.8-8.4 (3H, C:H;N), 9.2 (1H, NH).
9 IR; 3320 (s, NH), 3040, 1660 (s, C=0), 1650, 1570, 1240, 850, 710.
NMR; 4.3 (3H, -CHJ), 7.2 3H, m, benzene ring), 7.8-9.0 (3H, CsH;N), 9.3 (1H, NH).
10 IR; 3200 (s, NH), 3040, 1655 (s, C=0), 1585, 1560, 1290, 855.
NMR; 7.4-7.8 (3H, m, benzene ring), 7.8-9.0 (3H, C:H;N), 9.8 (1H, NH).
11 IR; 3240 (s, NH), 3040, 1680 (s, C=0), 1650, 1570, 1240, 850, 710.
NMR; 7.0 (4H, m, benzene ring), 7.8-90 (3H, GH;N), 9.2 (1H, OH), 9.4 (1H, NH).
12 IR; 3220 (s, NH), 3010, 1680 (s, C=0), 1600, 1560, 1300, 1030.

NMR; 45 (3H, -CH,), 7.0-7.8 (3H, m, benzene ring), 7.8-9.0 (3H, C:H;N), 9.4 (1H, NH).

Table Ill. In vitro antifungal activities of 6-(N-arylamino)-7-chloro-5,8-quinolinedione derivatives MIC (pg/ml)
Comp. No. C. albicans C. albicans L. A. niger T. mentagrophyte
1 1.6 0.8 0.8 0.8
2 50.0 50.0 50.0 25.0
3 6.3 6.3 6.3 3.2
4 12.5 125 6.3 125
5 6.3 6.3 6.3 125
6 125 12.5 125 25.0
7 6.3 3.2 3.2 3.2
8 6.3 3.2 3.2 63
9 6.3 25.0 3.2 6.3
10 250 >100.0 125 100.0
11 100.0 >100.0 >100.0 100.0
12 125 125 125 125
Fluconazole 250 250 250 125
Griseofulvin 50.0 50.0 25.0 50.0

*MIC values were read after 3 days for C. albicans, A. niger and 7 days for T. mentagrophte at 30°C.

**Culture media tested was Sabouraud dextrose agar.

**fungi tested; Candida albicans ATCC 10231 & Candida albicans local, Aspergillus niger KCTC 1231, Tricophyton mentagroph-

ytes KCTC 6085.

The compounds 1-12 tested for antifungal and also
antibacterial activities were prepared as shown in Table
I. The 6,7-dichloro-5,8-quinolinedione (lll) was prepa-
red by the previously reported methods (Schelhammer
et al., 1959, Pratt et al,, 1962) (Scheme 1). The 6-(N-
arylamino)-7-chloro-5,8-quinolinediones derivatives 1-
12 were prepared selectively by nucleophilic substitu-

tion of 6,7-dichloro-5,8-quinolinedione with the appro-
priate arylamines in the presence of CeCl; (Scheme
1). While most of these reactions in the absence of
CeCl; gave two isomers of 6-(N-arylamino)-7-chloro-5,
8-quinolinedione (IV, 6-isomer and 6-chloro-7-(N-ary-
lamino)-5,8-quinolinedione (V, 7-isomer) (Scheme 2).
But the 6-isomer (IV) which was substitutied at the
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Table IV. In vitro antibacterial activities of 6-(N-arylamino)-7-chloro-5,8-quinolinedione derivatives MIC (ug/ml)
Comp. No. B. subtilis S. aureus MRS. aureus E. coli P. aeruginosa
1 <0.8 0.8 6.3 100.0 100.0
2 3.2 3.2 125 >100.0 >100.0
3 3.2 3.2 3.2 >100.0 >100.0
4 <0.8 <0.8 <0.8 >100.0 >100.0
5 <0.8 <0.8 <0.8 >100.0 >100.0
6 1.6 3.2 3.2 >100.0 >100.0
7 <0.8 1.6 <0.8 >100.0 >100.0
8 1.6 1.6 1.6 >100.0 >100.0
9 3.2 3.2 3.2 >100.0 >100.0
10 6.3 6.3 3.2 >100.0 >100.0
11 50.0 25.0 100.0 >100.0 25.0
12 1.6 1.6 125 >100.0 100.0
Ampicillin 1.6 25.0 25.0 1.6 100.0

*MIC values were read after 20-22 hr of incubation at 37°C.

**Culture media tested was Mueller-Hinton agar.

***Bacteria tested; Bacillus subtilis ATCC 6633, Staphylcoccus aureus ATCC 6538p, Methicillin resistant Staphylcoccus aureus,
Escherichia coli ATCC 10356, Pseudomonas aeruginosa NCTC 10490.
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Scheme 3. The electron transfer mechanism of 6,7-dichloro-
5,8-quinolinedione and regioselective substitution in the pre-
sence of CeCls.

6-position was formed exclusively in the presence of
CeCls, suggesting that the CeCl; enhances the regiose-
lective reactivity of the 6-position (Scheme 3). The re-
gioselective substitution at the 6-position in the prese-
nce of CeCl; can be understood in terms of the 8-
carbonyl group being bound to the B-position of the
pyridine ring and hence more electron defiecient than
5-carbonyl group in a-position. The lower electron de-
nsity is then transfered to the 6,7-double bond as
shown and leads to electron deficiency and and obse-
rved preferential attack at the 6-position. The catalysis
by the Ce** ion is understood as involving structure
(V1) (Scheme 3).

Most of these reactions went as expected and were
in 70-95% good vyields.

Antifungal and antibacterial activities

These synthesized 5,8-quinolinedione derivatives 1-
12 (Table 1) were tested for determination of antifungal
and antibacterial activities. The MIC values of these
compounds were determined, in vitro, by the twofold
agar dilution/streak method. The results are given in
Table Ill and IV by comparison with those of flucona-
zole, griseofulvin and ampicillin. The control cultures
showed no antimicrobial activities against all the strain
of microorganisms.

As indicated in the Table Ill, 1, 3, 5, 7, 8 and 9
have potent antifungal activities with widely expanded
spectra against fungi. 1 completely inhibited the fungal
growth at 1.6 pg/ml against Candida albicans, Aspergil-
lus niger and Tricophyton mentagrophytes, On the
other hand, fluconazole inhibited the growth at 25
ug/ml against fungi respectively. In fact, activities of
1, 3,4,5, 7, 8 and 9 were superior to that of flucona-
zole against many fungi.

Against gram-positive bacteria, such as Bacillus subti-
lis and Staphylococcus aureus, all the 5,8-quinoline-
dione derivatives displayed antibacterial activities com-
parable or slightly superior to that of ampicillin. Other-
wise, all these compounds were found to be less ac-
tive than ampicillin against gram-negative bacteria,

The compounds such as 1, 5, 7 and 8 containing
(N-dihalo-phenyllamino moiety exhibited increase of
the potent antifungal activities. 1 with (3,4-difluorophe-
nyh-amino substituent exhibited more potent antimic-
robial activities than 6 with (2,4-difluorophenyl)-amino

group.
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