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Figure 1. Quinoxaline N,N’-dioxide derivatives previously described as T. cruzi growth 
inhibitors.5a 
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Table 1. T. cruzi Antiproliferative Activity of Quinoxaline N,N’-Dioxide and Related 

Derivatives. 
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�� +�J2��C� 77;=� 34� -CO2CH3� 21;=�
3� +�J"��4� 78;=� 3&� -CONHPh 8=;=�
*� +�J��C� 7=;=� 3'� -COCH3� 25;=�
,� +�J"��4�����C� 15;=� 3�� -CONHPh-o-CH3�

-CH3 -H -H 

28;=�
-� +�J2��2��C� C2;=� 33� -COCH3 100.0�
(� +�J"�+�����

+��C� +��� +���

26;=� 3*�
+K� +K�

100.0�
)� -COCH3� 8==;=� 3,�

-COCH2CH3�
100.0�

&4�
-F -F 

52;=� 3-�
+��� +���

100.0�
&&� +��� CC;=� 3(� +�� +�� 8==;=�
&'� +�� 85;=� 3)�

-CO-i-Prop�

2C;7�
&�� +J��C� 5;=� *4�

+K� +K�
8==;=�

&3� +��C�

+��

6;=� *&�
-CO-t-Bu�

27;=�
&*�

-COPh�
-CH3�

-CH3 -CH3 C;=� *'� -COCH3� 8==;=�
&,� -Cl� -Cl� 21;=� *��

+�� +��

8==;=�
&-� -Cl� +�� =;=� *3�

-CO-1-naphthyl�
100.0 

&(� +�� +�� =;=� **�
+K� +K�

100.0 
&)�

-CH2Ph -CH3 

-CH3 -CH3 =;=� *,�
-COPh-p-Cl�

8==;=�
'4� -Cl� -Cl� 8==;=� *-�

+�� +��
8==;=�

'&� -F� -F� 8==;=� *(� -F� -F� 100.0 
''� +�� +�� 8==;=� *)� -CF3 -H 8==;=�
'�� -CH3 -H 55;=� ,4�

-CO-2-furyl�

-H -CF3 8==;=�
'3� -Cl -H 5=;=� ,&� -F� -F� 100.0 
'*� -OCH3 -H 56;=� ,'�

-CO-2-thienyl�
100.0 

',�

-COPh -CF3 

-CH3 -CH3 >2;=� ,�� +�J91+�4+��<�� 100.0 
'-� -F� -F� 8==;=� ,3� +�JL1+9�4+�+��<+��M�

-CF3�

-H� -H�

100.0 
'(� -Cl� -Cl� 55;=� ,*� +��� +��� 8==;=�
')� -Cl� -H� 66;=� ,,� +��� +�� 8==;=�
�4� +�� +�� 25;=� ,-� +K� +�� 8==;=�
�&� -CH3 -H 8C;=� ,(� +J��C� +�� 8==;=�
�'� -OCH3 -H =;=� ,)� +��C� +�� 3=;6�
���

-CO2CH2CH3 -Ph 

-CH3 -CH3 =;=� -4�

+�J�4� +��K2�

+�� +�� C3;6�
�3� -CO2CH3� 8=;=� -&�� +�J�4� 15;=�
�*� -CONHPh 87;=� -'

�� +�J+�+��+�
-CF3� -H -H 

1C;=�
�,� -COCH3� 2;=� &� +(�4� +��C� ���+��� �+��� 5C;=�
�-� -CONHPh-o-CH3� 82;=� '� +�J�4� � � � 58;=�
�(� -CO2CH2CH3� 8;=� 5��� +� +� +� +� 8==;=�
�)� -CONH-t-Bu�

-CH3 -CH3 -CH3 

=;=� � � � � � �
 �� ������	���� � � ���D	4� ��4���	���;�,�4���	���� � � �/�?��	���	�� ���D	4� � � &���4���� 2� �	������ ������ N� 23� µ
;� &4��
�����	������	4��?������ �	4��������/�����	��:/���?��	��D�	4���(�������	4���8=O�������������;�����N�8+/�/���
��A�;� ��
���:A����	�������)�	�)��;�

��������	�
���
���
Igual 
sería ineresante poner al final los 
datos de los compuestos 1 y 2 ?? 
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?��� ����� 	4�� �����	���� ����)�	�)��� D���� '&�',� 9&����� 8<;� J	4��� ?��� ���	����� � ��)��)��� 	4��

����������� ���C+�4�����/�����)���?������?���	A����	4���/���	����������+)���?����������	��/4�����

?���	A� ���/���	���� 2�� P�J2$	� ����/�� ���� ��  ����	� ����	�����+��4�)���+����	�	�	����� � ��� 	4�� 7+�

���B��� >+���
�+�A���� 9����)�	�)��� '-����� &����� 8<;� ,�� 	4�� ��:	4� ���� ��)��	4�  �?������ � �

��?/������ D�� ?��� ���� ����)�	�)��� ��(� 9&����� 8<� � ��� 	4���	�7�+����	�	�	������ A�������� 7�>+

��?�	4A�� ����)�	�)��� 9�3��)�� &����� 8<� ���� ���
�+���+����	�	�	��� ���������� 934�3��� &����� 8<;�

&4��P�KC� ����	�	�	���� ���C+/���	����� �;�;�����)�	�)���'4�',�� �����	��� ���)��A� ��	�)����?/������

9&����� 8<;� K��?�4����D�� ��������� 	4�� ���4	4� ����/� � � �	������ ��?/������ 933�,3�� &����� 8<��

?���	������� 	4�P�KC� ���C+/���	�����D�	4�?��� ���	������	�2+��7+����B���>+/���	����;�,��	4����?��

D�A��	4�����	4�����/��������������)�	�)���D�	4�P��K2�����	�	�	�������/���	����C�9����)�	�)���,*+

-4��&�����8<;�K�����A��	4�����	�����/�?�����/�� �%����:�������-&�����-'�9&�����8<�����:A����	���

����������� �''�����*&�����/��	�)��A��D��������������������	��A�	����)��	���	��	4������)������ �

	4��,��:����?���	�������	4����	�+)0����7
���	�)�	���;�


��	� � � 	4�� �	������ ��?/������ D���� /��/�����  ����D���� /��)�����A� ��/��	��3�7� �A�	4�	���

/���������������	4����D���?/������**��*,������,��-4�D����/��/�����������	4�������	��:/�������

/�����������4�D�����(�4�?��8;�����)�	�)�����A??�	������A�����	�	�	������	4�����
���A����D����

��	������ ��� ��?�:	���� � � ����/������� 7+� ���� >+���?���� D4��4�D���� �)����	���D�	4��	�  ��	4���

��/���	���;� K��� ��?/����	A�� &����� 8� ���A� �4�D�� ���� ���?��;� -��� 	4�� ��?/������ D����

�4����	���
����A�8�+"
������,�;�&4��/���	A�D�����	�����4����A�&�������?��������A���;�

OJO: En el gráfico, el término hay que escribir como: 2-hydroxypiridine (sustiuir “i” con”y”).  
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Scheme 1. Synthetic procedures used to prepare the new derivatives. 
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� D���

������?�	������A� ��������� ������ 
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'*� C3==� � ,4� 16==�
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'-� CC==� � ,'� 88==�
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')� 823==� � ,3� >5=�
33� C2� � ,*� 1>==�
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malos?? 
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''� 5>;=�B�C;8� 8==;=�B�1;=� 8==;=� ''� 8;=�
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��������	����� ��A	�	�:���	A;���������N�23�µ
;���&4�������	������	4��?������ �	4��������/�����	��:/���?��	��D�	4���
(�������	4���8=O�������������;���-	�8=�µ
;���&4�������	������	4��?������ �	4��������/�����	��:/���?��	��D�	4���(��
�����	4���8=O�������������;�
 
 
In vitro toxicity studies 

To explore the potential of these quinoxaline N,N’-dioxides as drugs we performed two different 

studies. Firstly, we evaluated their in vitro unspecific mammal cytotoxicity, using J-774 mouse 

macrophages. Secondly, we studied the mutagenicity capacity using the Ames test. 

 

In vitro unspecific mammal cytotoxicity 

&4�� C+	�� �����?�	4A�%����:������,�,6+���:�����D���� �����	��� ���������� 	�� 	4���� ��	�+)0� ���7
�

���� ����4?��������� ��	�)�	A� ���� 	�A���� 	�� ��)��� ��D���� ������� � �	���	����� �4����	����	���;�&4��

,�3=�)������ ���	4���	��������?/�����������4�D�����&�����1;�&4�������	�)�	A�����:����(,��D����

�:/������� ��� 	4�� ��	��� ��	D����,�3=� ���?����/4����� ����,�3=� ���)0� ���7
� 9&���4���� 2� �	������
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Table 4. Biological Characterization of Quinoxaline N,N’-Dioxides Against Mammal 

Macrophages. 
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'&� +�4� 6===� � 88;1�
33� +��C� 8=7==� �CC8;2�
3)� +
+���/� 8813=� � R=;3�
*4�

+K� +K�

8723=� � R=;7�
*&�

+�+���
6>==� � R=;C�

*'� +��C� 633=� � 2;6�
*�� -1-naphthyl� >52=� � 3;3�
*,� -Ph-p-Cl� 63==� � 3;C�
*-� +2+ ��A�� >8C=� � C;=�
,'� +2+	4���A�� 175=� � 1;C�
,�� -4-Ph-1-piperazinyl� 538=� � 82;3�
,3� -4-(Ph-p-Cl)-1-piperazinyl�

+�� +��

623=� � 8=;1�
 

a The results are the means of three independent experiments with a SD less than 10% in all cases. b SI: selectivity 
index, ID50,macrophage/ID50,T. cruzi (Tulahuen 2) 
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Table 5. Number of Revertants of Derivative 21 and Nfx on TA98 S. typhimurium Strain. 
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Figure 2. a) Variation of the percentage of mitochondrial dehydrogenase activities (Pmdh), 
produced by the compounds with respect to time compared to the untreated control of T. cruzi 
epimastigote, Y strain (for details see Experimental Section). b) Percentage of the end-products 

21 
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excreted to the medium in the different treatment, expressed respect to DMF19, by T. cruzi 
epimastigote, Y strain (for details see Experimental Section 
�
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2.4. Preliminary in vivo anti-T. cruzi studies 

We evaluated derivative 21 in vivo in a murine model of acute Chagas’ disease. Bnz was used as 

the in vivo active reference drug. In one of the preliminary studies, male mice were infected with 

CL Brener-trypomastigotes and treatment began 10 days post-infection with oral administration 

of each compound (10 mg/kg b.w./day for 21 and 50 mg/kg b.w./day for Bnz) during 10 days.20 

In the second experiment, the only difference was that the animals were infected with Y-

trypomastigotes. Three different parameters were used  to evaluate the in vivo activity, weekly 

parasitaemia (Figure 3), weekly animal survival percentages, and anti-T. cruzi antibody levels at 

30 and 60 days post infection. In both experiments, all the animals treated with derivative 21 

survived at the end of the experiment. For CL Brener-experiments, the blood-study findings 

showed that compound 21, at a dose five times lower than that used for Bnz, exhibited a 

particular biological profile, shifting the parasitaemia maximum 10 days with respect to the 
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control, and lacking the second parasitaemia maximum, evidenced in un- and Bnz-treated 

animals at day 53 of the assay. On the analysis days, the number of trypomastigotes on 21-

treated animals resulted lower than the parasites-number in untreated mice. No differences were 

observed in the antibody levels, at day 30 and 60 post infection, between the three studied 

groups. For Y-experiments, the blood-study findings showed that the number of trypomastigotes 

in 21-treated animals was lower than the parasites-number in untreated mice for both doses, in a 

non-doses dependence. On the other hand, both doses of 21 avoided the second parasitaemia 

maximum, evidenced in Bnz-treated animals at day 55 of the assay. No differences were 

observed regarding the antibody levels, at day 30 and 60 post infection, between the three 

studied groups.  
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Figure 3. Parasitemia of mice treated with 50 mg/kg b.w./day of Bnz (•), group treated with 10 
mg/kg b.w./day of 21 (�),group treated with 30 mg/kg b.w./day of 21 (�), and control group (�). 
Animals infected with a) CL Brener, or b) Y strain. 

�

Discussion 

We reported the biological activity of nearly seventy quinoxaline derivatives against the 

epimastigote form of three different strains and one clone of T. cruzi and the promastigote form 

of one strain of L. braziliensis. Derivatives 9, 10, 20-25, 27-29, 44-48, 50, and 52-68 were the 
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most active ones against Tulahuen 2 strain (Table 1) with 9, 21, 22, 44-46, and 62-64 being at 

least 10 times more active than the reference drug and the parent compounds, Nfx and 1 and 2, 

respectively (Table 2). The activity profiles against the other studied clone and strains, CL 

Brener, Y and Colombiana, were similar to Tulahuen 2 activities, identifying derivatives 21 and 

22 with bio-responses similar or higher than the reference drug, Nfx, and parent compound 2 

(Table 3). Parent compound 2, and the recently studied quinoxalines 21, 22, and 28 showed 

excellent in vitro activities against Nfx- and Bnz-partially resistant strains, Y and Colombiana 

strains. The same profiles were observed in the study with L. brasiliensis, LTB300 strain, with 

compounds 2, 21, 22, and 28 being at least 3 times more active than the reference drug, Mtf 

(Table 3). Concomitantly, derivative 21 was not mutagenic in the Ames test, making it an 

excellent lead to further studies. 

Optimal anti-T. cruzi quinoxaline N,N’-dioxides were identified from a structural point of view 

(Figure 4). Electrophilic character changes in position 2 of parent compound 1 (Figure 1), 

producing compounds with unmodifiable or decreasing activity (derivatives 5 and 16). 

Derivatives 16-19, without an electrophilic substituent in position 2, were completely inactive at 

the assayed doses (Table 1), showing the significance of an electron-withdrawing center in 

position 2. However,  better electron-withdrawing substituents in position 6 and 7 (i.e. 6,7-

difluoro in derivative 10), increased the activity. Clearly, the electronic character of 6- and 7-

substituents modify the activities of the quinoxaline N,N’-dioxides (compare activity of parent 

compound 1 to activities of derivatives 10-15, Table 1). When a new electron-withdrawing 

substituent was included, the biological behavior was better (Compound 21 vs. 10) . Finally, in 

the 3-CF3-substituted derivatives, 20-26, no relevant effects of the electronic character of 6- and 

7-substituents were observed. However, the lack of N-oxide moieties, i.e. derivative 71, 

produced less active derivatives. Other electrophilic centers different from –COPh, i.e. –

COCH3, -COCH2CH3, –CO-i-Prop, –CO-t-But, –CO-1-naphthyl, –COPh-p-Cl, –CO-2-furyl, –



 16

CO-2-thienyl, or –CONRR’ (derivatives 5, 9, 44-48, 50, or 52-68) also produced excellent 

active derivatives. The optimal activity was found in derivative 44 (Fig. 4) which contained all 

the structural exigencies observed for the rest of the derivatives. Compound 44, the best anti-

Tulahuen 2 of  the quinoxaline N,N’-dioxides studied, has a good electrophilic center in position 

2 and three excellent electron-withdrawing moieties in position 3, 6 and 7. 
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Figure 4. Structural-anti-T. cruzi activity for the studied quinoxalines. The ID50 refer to the 
Tulahuen 2 strain.  
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2-Benzoyl-3-(difluoromethyl)-7-methoxyquinoxaline 1,4-dioxide, 68. Yield: 5%. 1H NMR (400 

MHz, CDCl3-d6) �ppm: 8.58 (d, 1H, H5, J5-6 = 9.5 Hz); 7.92 (dd, 2H, H2'+H6', J2'-4' = J6’-4’ = 1.2 

Hz, J2'-3' N�A=6�F6�= 7.9 Hz), 7.89 (d, 1H, H8, J8-6 = 2.6 Hz); 7.68 (dt, 1H, H4', J4'-2' = J4’-6’ = 1.2 Hz, 

J4'-3' = J4’-5’ = 7.0 Hz); 7.55 (dd, 1H, H6, J6-8 = 2.2 Hz, J6-5 = 9.1 Hz); 7.53 (dd, 2H, H3'+H5', J3'-5' = 
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0.6 Hz, J3'-2' N�A3H+7H�= 7.2 Hz, J3'-4' N�A3H+1H�= 6.6 Hz); 7.35 (t, 1H, CHF2, JH-F =52.4 Hz); 4.03 (s, 

3H, CH3O). IR (KBr): 3111 (w, �C-H Ar), 1685 (s, �C=O), 1343 (s, �N-oxide), 1042(m, �C-F) 

cm-1. Calculated analysis for C17H12F2N2O4: C: 58.95; H: 3.46; N: 8.09. Found: C: 58.78; 

H:3.50; N:7.96. 

2-Benzoyl-3-(difluoromethyl)-7-methylquinoxaline 1,4-dioxide, 69. Yield: 3%. 1H NMR (400 

MHz, CDCl3-d6) �ppm: 8.58 (d, 1H, H5, J5-6 = 8.8 Hz); 8.39 (d, 1H, H8, J8-6 = 1.0 Hz); 7.91 (dd, 

2H, H2'+H6', J2'-4' = J6’-4’ = 1.2 Hz, J2'-3' N�A7H+3H�= 8.3 Hz); 7.81 (dd, 1H, H6, J6-8 = 1.46 Hz, J6-5 = 

8.8 Hz); 7.68 (dt, 1H, H4', J4'-2' = J4’-6’ = 1.2 Hz, J4'-3' N�A1H+3H�= 7.2 Hz); 7.54 (t, 2H, H3'+H5', J3'-2' N�

A3H+7H�= 7.8 Hz, J3'-4' = 7.4 Hz); 7.35 (t, 1H, CHF2, JH-F = 52.4 Hz); 2.67 (s, 3H, CH3-C7). IR (KBr): 

3064 (w, �C-H Ar), 1683 (s, �C=O), 1340 (s, �N-oxide), 1044(m, �C-F) cm-1. Calculated analysis 

for C17H12F2N2O3: C:61.81; H: 3.63; N:8.48. Found: C: 61.65; H:4.00; N: 8.08. 

2-Benzoyl-3-(difluoromethyl)quinoxaline 1,4-dioxide, 70. Yield: 9%. 1H NMR (400 MHz, 

CDCl3-d6) �ppm: 8.70 (m, 1H, H8); 8.62 (m, 1H, H5); 8.00 (m, 2H, H6+H7); 7.92 (dd, 2H, 

H2'+H6', J2'-4' = J6’-4’ = 1.2 Hz, J2'-3' N�A7H+3H�= 8.4 Hz); 7.69 (dt, 1H, H4', J4'-2' = 1.2 Hz, J4'-3 N�A1H+3' = 

7.2 Hz); 7.54 (dt, 2H, H3'+H5', J3'-5' = 1.5 Hz, J3'-4' = J5’-4’ = 7.8 Hz, J3'-2' N�A3H+7H�= 7.7 Hz); 7.36 (t, 

1H, CHF2, JH-F = 52.3 Hz). IR (KBr): 3199 (w, �C-H Ar), 1638 (s, �C=O), 1340 (s, �N-oxide), 

1044 (m, �C-F) cm-1. Calculated analysis for C16H10F2N2O3: C, 60.75; H, 3.16; N, 8.86. Found: 

C,60.75; H, 3.60; N, 8.52. 
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In Vivo Anti-T. cruzi Activity (Acute Model)  

BALB/c male mice (30 days old, 25-30 g) bred under specific pathogen-free (SPF) conditions, 

were infected by intraperitoneal injection of 103 blood trypomastigotes (CL Brener and Y). One 

group of 10 animals was used as control (PBS), and three groups of eight animals were treated 

with the two compounds and Bnz, respectively. First parasitaemia was carried out 5 days post-

infection (week 1) and the treatment was begun 7 days later. Compounds were administered 

orally, as aqueous solution in PBS, at 10 mg/kg/day for quinoxaline derivative 21 and 50 

mg/kg/day for Bnz, during 10 days. Parasitaemia in the control and treated mice was determined 

once a week after the first administration, for 60 days, in tail-vein blood; the mortality rate was 

recorded. All the sera obtained after centrifugation of the blood that was extracted from infected 

mice were tested twice by ELISA (enzyme linked immuno assay) at 30 and 60 days post-

infection. A locally produced ELISA kit (Chagas test, IICS, Asunción, Paraguay) was used 

following the procedure recommended by the manufacturer (IICS Production Department, 

Asunción-Paraguay).24 The optical density values were obtained in an ELISA plate reader 

(Titerek Unistan I). Wilconxon test was used in order to compare the levels of anti-T. cruzi 

antibodies between experimental groups. The experimental protocols with animals were 

evaluated and supervised by the local Ethics Committee and the research adhered to the 

Principles of Laboratory Animal Care.25 
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