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Abstract—A series of 29 new quinoxalines was synthesized and evaluated in vitro against several parasites (Leishmania donovani,
Trypanosoma brucei brucei, and Trichomonas vaginalis). Several of them displayed interesting activities, and particularly four
quinoxaline amides showed in vitro antileishmanial properties (IC50 less than 20 lM).
� 2005 Elsevier Ltd. All rights reserved.
Several hundred millions of people, in developing coun-
tries, faced infection diseases, due to parasites, such as
leishmaniases and trypanosomiasis that have significant
health and economical impacts because of a high mor-
tality rate per year. There is, thus, an urgent need for
new drugs for the chemotherapy of these diseases, since
conventional treatments are often inadequate, toxic or
are becoming less effective due to emergence of numer-
ous resistances.1

In our search for new bioactive compounds, we have
found that 2-alkylquinolines and 2-arylquinolines, iso-
lated from plants2 or prepared by total synthesis,3a–c

can be new drug candidates, and exhibit antiprotozoal
activity (e.g., against Leishmania sp.,4 Plasmodium,5 Try-
panosoma sp.,6 and Trichomonas vaginalis7), and were
found to inhibit the human immunodeficiency virus of
type-1 (HIV-1) integrase,8–10 as well as the proliferation
of HTLV-1 transformed cell lines (HUT-102).11 In this
letter, in continuation of the search for new antiparasitic
compounds, we report on the in vitro antiprotozoal
activity of several synthetic substituted quinoxalines.

Up to now, only a few quinoxaline derivatives have been
prepared and evaluated against protozoa,12 whereas
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quinoxaline derivatives are important components of
several pharmacologically active compounds.13 In this
paper, we carried out new pharmacomodulations includ-
ing substituents having antiprotozoal properties such as
quinoline, and p-nitrophenyl moieties or substituents
modifying the hydrophobicity of the compounds, such
as alkyl chains (C6 to C15) and various aromatic rings.
Thus, new quinoxaline amides and amines 1–29 were
prepared by treating 2-amino-4-nitroaniline with several
1,2-dioxoalkanes (1 equiv.)14 followed by nitro-reduc-
tion and either amide formation (compounds 1–8) or
reductive amination (for compounds 14–18) (Scheme
1). For the bromo derivatives, bromination of the inter-
mediate 7-aminoquinoxaline was performed prior to
amide formation (compounds 9–13, Scheme 1). Whereas
quinoxalines 19–29 were obtained by condensation of
2-amino-4-aminobenzoic acid with several 1,2-dioxoalk-
anes (1 equiv) followed by amide formation (compounds
19–29, Scheme 2). All the 29 synthesized compounds
gave satisfactory spectral data (1H and 13C NMR data,
MS and UV spectroscopic data). Then compounds 1–
29 were evaluated against several parasites (Leishmania
donovani, Trypanosoma brucei brucei, and T. vaginalis).

Antiprotozoal activities of the synthesized quinoxalines
1–29 are presented in Table 1. Against the promastigote
forms of L. donovani15 compounds 5, 6, 7, and 27 were
the most active ones (with IC50: 12.5, 8.2, 18.5, and
18.4 lM, respectively) being slightly less potent than
the reference drug, miltefosine (IC50: 7.3 lM). Interest-
ingly, compounds 26, 27, and 28 in which the amide
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Scheme 1. Reagents and condition: Synthesis of quinoxalines 1–18: (a) HOAc or EtOH reflux; (b) SnCl2, EtOH; (c) Br2, HOAc; (d) EDC, HOBt,

Et3N or oxalyl chloride then Et3N, RCO2H, RNH2; (e) NaBH3CN, HOAc, RCHO.
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bond has been inverted showed different activities (IC50:
>300, 18.4, >300 lM, respectively). However, the amide
group position did not seem to be essential for antileish-
manial properties since compound 27 had similar activ-
ity as compound 7. The sole other quinoxaline amide
showing some activity is compound 2 (IC50: 116.9 lM)
possessing a simple aliphatic side chain. Then amino-
quinoxalines 14, 15, 16, and 18 showed moderate activ-
ity (IC50: 79.5, 92.4, 46.3, and 34.0 lM, respectively),
but to a lesser extent that the previous compounds. All
other tested quinoxalines did not show any activity
against L. donovani. The tests against the trypomastigote
forms of T. b. brucei were performed as described.16 The
same compounds 27, 5, 6, and 7 showed again activity,
expressed as minimum active concentration (MAC:
200, 200, 200, and 150 lM, respectively), but were by
far less active than melarsoprol, the reference drug
(MAC: 0.1 lM). Although the quinoxaline amide deriv-
ative 24 showed also a slight activity (MAC: 200 lM),
all other quinoxalines did not show any particular activ-
ity (MAC >300 lM). Against T. vaginalis,17 the amino-
quinoxalines 15, 16, 17 and the amide 7 showed an
activity (IC50: 264, 243, 191, and 126 lM, respectively),
being still less potent than the reference drug, metroni-
dazole (IC50: 5.8 lM), whereas the other compounds
showed no activity.

Concerning the specificity of action, compounds 2, 14,
and 18 specifically act on L. donovani promastigotes,
compound 24 on T. b. brucei trypomastigotes, and
compound 17 on T. vaginalis, suggesting the possibility
of action on target specific to each parasite. However,
compounds 7 act in the same way against the three
Protozoa, suggesting that this compound could affect
target(s) common to the three parasites. The difference
in these activities could also be the result of compound
uptake that is different in these parasites.

In conclusion, this study showed that among the 29
quinoxalines tested in these assays, four of them were
found to exhibit interesting antileishmanial activity
against L. donovani (IC50 less than 20 lM), five of
them against T. b. brucei, and four of them against
T. vaginalis. No clear-cut structure–activity relationship
emerged in this series although, none of the brominat-
ed quinoxalines displayed any activity, neither any



H2N

H2N

CO2H

R2

R1 O

O

N

N
N
H

O
MeO

O

N

N
N
H

O
MeO

O

N

N
N
H

O N
Et

N

N
N
H

O N
Et

N

N
N
H

O

N

N
N
H

O

O

O

N

NR1

R1

CO2H

N

N
N
H

O

O

N

N
N
H

O

N

N
N
H

O

N

N
N

O
MeO

O

N

N

O

N

N
N

O N
Et

N

N

O

O

O

+
a)

b)

26

R1  = R2 = Ph: 77%
R1  = R2 = H: 79%
R1  = R2 = Me: 87%
R1  = H, R2 = Me: 38%

19

21

22

24

25

20

23

27

28
29

19-85%

Scheme 2. Reagents and condition: Synthesis of quinoxalines 19–29: (a) HOAc or EtOH reflux; (b) EDC, HOBt, Et3N or oxalyl chloride then Et3N,

RCO2H, RNH2.

Table 1. Antiprotozoal activities of quinoxalines 1–29

Compound L. donovania T. b. bruceib T. vaginalisc

IC50 ± SEM (lM) MAC (lM) IC50 ± SEM (lM)

N

N NH

O
1

O Br >300 >300 >300

N

N NH

O

C6H13

2

116.9 ± 7.3 >300 >300

N

N NH

O

C15H31

3

>300 >300 >300

N

N NH

O

4

>300 >300 >300

N

N NH

O
5 O

12.5 ± 0.6 200 >300

(continued on next page)
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Table 1 (continued)

Compound L. donovania T. b. bruceib T. vaginalisc

IC50 ± SEM (lM) MAC (lM) IC50 ± SEM (lM)

N

N NH

O
6 O

8.2 ± 0.7 200 >300

N

N NH

O
7 O

18.5 ± 1.0 150 126 ± 17

N

N NH

O
8 O

>300 >300 >300
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O
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N
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N
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O

O
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N

N NH

15

92.4 ± 5.4 >300 264 ± 15

N

N NH
C5H11

16

46.3 ± 2.0 >300 243 ± 26

N

N NH

NO2

17

>300 >300 191 ± 27

N
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Table 1 (continued)

Compound L. donovania T. b. bruceib T. vaginalisc

IC50 ± SEM (lM) MAC (lM) IC50 ± SEM (lM)

N

N
N
H

O
MeO

O

21

>300 >300 >300

N

N
N
H

O N
Et

22

>300 >300 >300

N

N
N

O N
Et

23
N

N

O
>300 >300 >300

N

N
N
H

O N
Et

24

>300 200 >300

N

N
N
H

O

25
O

>300 >300 >300

N

N
N
H

26 O

O

>300 >300 >300

N

N
N
H

27 O

O

18.4 ± 1.4 200 >300

N

N
N
H

28 O

O

>300 >300 >300

N

N
N
H

29 O

O

>300 >300 >300

Miltefosine 7.3 ± 0.7 ND ND

Melarsoprol ND 0.1 ND

Metronidazole ND ND 5.8 ± 0.6

aLeishmania donovani strain MHOM/ET/L82/LV9.
bTrypanosoma brucei brucei GVR 35.
cTrichomonas vaginalis strain CMP; ND, not determined.
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2,3-diphenylquinoxaline, and only two retroamide on 11
ones were active. Further studies will now be undertaken
to evaluate their in vitro cytotoxicity on mammal cells
and in vivo activity.
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rio, A.; Franck, X.; Fournet, A.; Hocquemiller, R.;
Figadère, B.; Casado-Escribano, N. Il Farmaco 2005, 60,
219.

8. Mekouar, K.; Mouscadet, J. F.; Desmaële, D.; Subra, F.;
Leh, H.; Savouré, D.; Auclair, C.; d�Angelo, J. J. Med.
Chem. 1998, 41, 2846.

9. Zouhiri, F.; Mouscadet, J. F.; Mekouar, K.; Desmaële,
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