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Abstract: Background: Chagas disease affects about 7 million people worldwide. Only two drugs 
are currently available for the treatment for this parasite disease, namely, benznidazol (Bzn) and 
nifurtimox (Nfx). Both drugs have limited curative power in the chronic phase of the disease. 
Therefore, continuous research is an urgent need so as to discover novel therapeutic alternatives. 

Objective: The development of safer and more efficient therapeutic anti-T. cruzi drugs continues to 
be a major goal in trypanocidal chemotherapy. 

Method: Synthesis, 2D-QSAR and drug-like physicochemical properties of a set of quinazolinone 
and quinazoline derivatives were studied as trypanocidal agents. All compounds were screened in 

vitro against Trypanosoma cruzi (Tulahuen strain, Tul 2 stock) epimastigotes and bloodstream try-
pomastigotes. 

Results: Out of 34 compounds synthesized and tested, six compounds (5a, 5b, 9b, 9h, 13f and 

13p) displayed significant activity against both epimastigotes and tripomastigotes, without exert-
ing toxicity on Vero cells. 

Conclusion: The antiprotozoal activity of these quinazolinone and quinazoline derivatives repre-
sents an interesting starting point for a medicinal chemistry program aiming at the development of 
novel chemotherapies for Chagas disease. 

Keywords: Chagas disease, Quinazoline derivatives, QSAR, Trypanosoma cruzi, physicochemical properties, drug discovery. 

1. INTRODUCTION 

Chagas disease, also known as American Trypanosomia-
sis, is a parasitic disease caused by the protozoan parasite 
Trypanosoma cruzi. This disease occurs mainly in the conti-
nental part of Latin America and about 6 to 7 million people 
worldwide are estimated to be infected. However, over the 
last decades, higher prevalence values for this disease have 
been observed in other continents including Europe, parts of 
Western Pacific and North América [1]. 

T. cruzi parasites are transmitted by contact with fae-
ces/urine of infected blood-sucking triatomine bugs. T. cruzi  
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can also be transmitted by consumption of contaminated 
food, blood transfusion, organ transplants and vertical 
transmission [2]. 

Currently, there are two drugs available for the aetiologi-
cal treatment of Chagas disease, namely, nifurtimox (a nitro-
furan, Nfx) and benznidazole (a nitroimidazole, Bzn), which 
were developed in 1970’s (Fig. 1).  
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Fig (1). Drugs for chemotherapy of Chagas disease. 

The use of these drugs to treat the acute phase of the dis-
ease is widely accepted. However, their effectiveness during 
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the chronic phase is controversial. The undesirable side ef-
fects of both drugs are a major drawback in their use, fre-
quently forcing the physician to stop the treatment [3]. In the 
absence of effective vaccines, chemotherapy plays a critical 
role in the control of these diseases [4]. The development of 
safer and more efficient therapeutic anti-T. cruzi drugs 
continues to be a major goal in trypanocidal chemotherapy.  

Alkaloids containing a quinazoline nucleus constitute an 
important group of natural products displaying a wide vari-
ety of biological and pharmacological activities. To date, 
quinazoline, quinazolinone and their derivative compounds 
have been found to display a diverse set of interesting bio-
logical properties such as anticonvulsant [5], antineoplastic 
[6], antimicrobial [7], antihistamines [8], anti-inflammatory 
[9] and antimalarial agents [10], as well as cathepsin and 
monoamino oxidase enzyme inhibitors [11]. Hence, these 
compounds have gained a great interest in the pharmaceuti-
cal chemistry field [12-14]. In this study, we report the syn-
thesis, identification and pharmacological assessment of a 
new family of heterocyclic compounds derived from 
quinazolinone and quinazoline with trypanocidal properties. 

2. MATERIALS AND METHODS 

Melting points (uncorrected) were determined in a capil-
lary tube with an Electrothermal 9100 SERIES-Digital appa-
ratus. The microwave-assisted synthesis of compounds was 
carried out in Monowave 300 Anton Paar. Reactions were 
monitored by thin-layer chromatography (TLC) on silica gel 
plates (F245 Merck) and the products were visualized under 
ultraviolet light (254 and 365 nm). Column chromatography 
was carried out employing Merck silica gel (Kieselgel 60, 
63-200 μm). 1H- and 13C-NMR spectra were determined in 
DMSO-d6 and CDCl3 solutions in a Bruker 300 MHz and 
Bruker Biospin 600 MHz AVIII600 spectrometers at room 
temperature with tetramethylsilane as internal standard. 
Chemical shifts ( ) were reported in ppm and coupling con-
stants (J) in Hertz. The mass spectrometer utilized was a 
Xevo G2S QTOF (Waters Corporation, Manchester, UK) 
with an electrospray ionization (ESI) source. The purity 
( 95%) of all final synthesized compounds was determined 
by reverse phase HPLC using a Waters 2487 dual  absor-
bance detector with a Waters 1525 binary pump and a 5μ pd 
C18(2) and 250 x 4.6 mm Phenomenex Luna column. Sam-
ples were run at 1mL min-1 using gradient mixtures of 5-
100% of water with 0.1% trifluoroacetic acid (TFA) (A) and 
acetonitrile:water (10:1) with 0.1% TFA (B) for 22 min fol-
lowed by 3 min at 100% B. UV spectra were recorded with a 
Shimadzu 3600 UV/vis/NIR spectrophotometer. 

2.1. Synthesis 

The general procedures for the synthesis of all com-
pounds and the spectroscopic and HR-MS (ESI) data of the 
representative compounds are given in this section. Spectro-
scopic characterization and physical data of all the com-
pounds are found in the supplementary material. 

2.1.1. General Procedure for the Synthesis of Compounds 
4a-c 

A mixture of the corresponding ethyl anthranilate (1) 
(0.77 g, 5.0 mmol) and phenyl isocyanate (2) (0.55g, 5.0 

mmol) was dissolved in dry dioxane (10 ml) and refluxed 
until no starting material remained (3-8 h), as assessed by 
TLC. Amberlyst-15 resin was added and heated overnight 
until reaction was completed and a white solid appeared. The 
reaction mixture was dissolved in hot methanol and the resin 
was filtered and washed. The organic solvent was removed 
under reduced pressure and the crude product was purified 
by recrystallization from ethanol or DMF-isopropanol to 
obtain pure 4a-c as a white solid. 

2.1.1.1. 3-(4-chlorophenyl)-6,7-dimethoxyquinazoline-
2,4(1H,3H)-dione (4c) 

Time reaction: 8 h. Yield: 1.33 g, 81 % (DMF-
isopropanol). Mp: 304-306°C. 1H NMR (600 MHz, DMSO-
d6) : 11.36 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H, Ar), 7.35 (d, J = 
8.6 Hz, 2H), 7.28 (s, 1H), 6.73 (s, 1H), 3.86 (s, 3H), 3.79 (s, 
3H). 13C NMR (151 MHz, DMSO-d6) : 162.0, 155.7, 150.5, 
145.7, 136.0, 135.3, 133.3, 131.6, 129.2, 108.4, 106.5, 98.1, 
56.4. HR-MS (ESI) calcd for C16H13ClN2O4 [M+1]+ 

m/z: 
333.0564, found: 333.0559. 

2.1.2. General Procedure for Synthesis of Compounds 4d-e 

2.0 mmol of isatoic anhydride (0.32 g) and 4.0 mmol of 
benzylamine or 2-chlorobenzylamine were heated at 160°C 
until complete disappearance of the starting material by TLC 
(0.5 h). The solid was allowed to cool and suspended in 95% 
EtOH. The suspension was filtered and the white solid was 
purified by recrystallization from EtOH: H2O to give com-
pounds 4d-e. 

2.1.2.1. 3-(2-chlorobenzyl)quinazoline-2,4(1H,3H)-dione 
(4e) 

Yield: 0.40 g, 70%. Mp: 211-212ºC. 1H NMR (300 MHz, 
CDCl3) : 10.43 (s, 1H,), 8.00 (dd, J = 7.4, 2.0 Hz, 1H), 
7.52-7.34 (m, 3H), 7.27 (td, J = 7.5, 2.0 Hz, 1H), 7.00-7.19 
(m, 3H, ), 6.01 (s, 2H). 13C NMR (75 MHz, CDCl3) : 161.6, 
150.5, 139.2, 135.5, 135.1, 134.9, 130.33, 129.9, 129.8, 
127.3, 126.9, 122.2, 115.1, 113.8, 45.0. HR-MS (ESI) calcd. 
for C15H11ClN2O2 [M+1]+ m/z: 287.0509, found: 287.0505. 

2.1.3 General Procedure for the Snthesis of Compounds 5 
a-c 

Phenacyl bromide (0.12 g, 0.6 mmol) in acetone (1.0 mL) 
was added to a solution of the corresponding compounds 4a-

c (0.5 mmol) and potassium carbonate (0.34 g, 2.5 mmol) in 
acetone (20 mL). The reaction mixture was stirred and re-
fluxed in acetone for 3-5 h. The solvent was evaporated un-
der reduced pressure. The residue was treated with water, 
acidified with a saturated aqueous NH4Cl solution, and ex-
tracted with DCM (30 mL  3). The combined organic layer 
was washed with brine (30 mL), dried over anhydrous 
MgSO4, filtered, and evaporated under reduced pressure. The 
solid was recrystallized from EtOH to obtain compounds 5a-

c. 

2.1.3.1. 1-(2-oxo-2-phenylethyl)-3-phenylquinazoline-2,4 
(1H,3H)-dione (5a) 

Reaction time: 3 h. White solid (ethanol). Yield: 0.14 g, 
80%. Mp: 224-225°C. 1H NMR (600 MHz, CDCl3) : 8.29 
(dd, J = 7.9, 1.6 Hz, 1H), 8.07 – 8.04 (m, 2H), 7.70 – 7.64 
(m, 1H), 7.62 (ddd, J = 8.7, 7.3, 1.7 Hz, 1H), 7.53 (dtd, J = 
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19.4, 7.0, 6.6, 1.6 Hz, 4H), 7.47 – 7.42 (m, 1H), 7.34- 7.30 
(m, 2H), 7.30-7.25 (m, 1H), 6.91 (d, J = 8.4 Hz, 1H), 5.64 (s, 
2H). 13C NMR (151 MHz, CDCl3) : 191.9, 161.8, 151.3, 
140.3, 135.4, 135.4, 134.54, 134.34, 129.6, 129.4, 129.1, 
128.8, 128.4, 128.1, 123.3, 116.1, 113.6, 49.8. HR-MS (ESI) 
calcd. for C22H16N2O3 [M+1]+ m/z: 356,1161, found: 
356,1158.  

2.1.3.2. 1-(2-oxo-2-phenylethyl)-3-(4-chlorophenyl) quina-
zoline-2,4(1H,3H)-dione (5b) 

Reaction time: 3 h. White solid (ethanol). Yield: 0.13 g, 
66%. Mp: 223-225°C. 1H NMR (600 MHz, CDCl3) : 8.22 
(dd, J = 7.9, 1.6 Hz, 1H), 8.02 – 7.96 (m, 2H), 7.64 – 7.59 
(m, 1H), 7.56 (ddd, J = 8.7, 7.2, 1.7 Hz, 1H), 7.49 (t, J = 7.8 
Hz, 2H), 7.44 – 7.38 (m, 2H), 7.26 – 7.17 (m, 3H), 6.85 (d, J 
= 8.4 Hz, 1H), 5.57 (s, 2H). 13C NMR (151 MHz, CDCl3) : 
191.7, 161.6, 151.0, 140.2, 135.6, 134.7, 134.4, 133.8, 
129.90 129.6, 129.1, 128.1, 123.4, 115.9, 113.6, 49.8. HR-
MS (ESI) calcd. for C22H15ClN2O3 [M+1]+ m/z: 391.0771, 
found: 391.0769.  

2.1.4. General Procedure for the Synthesis of Compounds 
9a-h 

A stirred mixture of isatoic anhydride (0.33 g, 2.0 mmol), 
the corresponding aldehyde (2.0 mmol) and amine (2.0 
mmol), and Amberlyst-15 resin (0.01 g), in EtOH-H2O (7:1 
(v/v), 8 mL), was heated under reflux conditions for 2 h. 
After reaction completion, the mixture was cooled to room 
temperature, and hot EtOH (25 mL) was added. The catalyst 
was filtered off, washed with hot EtOH, and dried. The 
product was recrystallized from EtOH. 

2.1.4.1. 4-(4-oxo-2-phenyl-1,2-dihydroquinazolin-3(4H)-
yl)benzoic Acid (9a) 

Yield: 0.56 g, 89%. Mp: 238-240oC. Mp Lit [15]: 219-
220°C. 1H NMR (600 MHz, DMSO-d6 ) : 10.28 (s, 1H), 
7.90 (d, J = 8.5 Hz, 2H), 7.83 – 7.79 (m, 1H), 7.73 (d, J = 7.7 
Hz, 1H), 7.49 – 7.34 (m, 4H), 7.34 – 7.19 (m, 4H), 6.79 (d, J 
= 8.1 Hz, 1H), 6.72 (t, J = 7.5 Hz, 1H), 6.41 (d, J = 2.5 Hz, 
1H). 13C NMR (151 MHz, DMSO-d6) : 172.0, 167.6, 151.8, 
149.9, 145.6, 139.3, 135.0, 134.9, 133.7, 133.6, 132.9, 131.8, 
130.5, 122.9, 120.5, 120.3, 77.1. HR-MS (ESI) calcd for 
C21H16N2O3 [M+1]+ m/z: 345.1161, found: 345.1160.  

2.1.4.1. 2-(benzo[d][1,3]dioxol-5-yl)-3-phenyl-2,3- dihydro 
quinazolin-4(1H)-one (9b) 

Yield: 0.59 g, 87%. Mp: 222-224ºC. 1H NMR (600 MHz, 
DMSO-d6) : 7.72 (d, J = 7.5 Hz, 1H), 7.54 (d, J = 2.1 Hz, 
1H), 7.33 (t, J = 7.8 Hz, 2H), 7.31 – 7.23 (m, 3H), 7.19 (t, J 
= 7.3 Hz, 1H), 6.93 (s, 1H), 6.80 (s, 2H), 6.79 – 6.69 (m, 
2H), 6.20 (d, J = 2.4 Hz, 1H), 5.96 (d, J = 5.3 Hz, 2H). 13C 
NMR (151 MHz, DMSO-d6) : 162.3, 147.3, 147.2, 146.5, 
140.7, 134.6, 133.8, 128.6, 128.0, 127.9, 126.2, 126.0, 120.3, 
117.6, 115.3, 114.8, 107.8, 106.9, 106.8, 101.2, 72.4. HR-
MS (ESI) calcd. For C21H16N2O3 [M+1]+ m/z: 345.1161, 
found: 345.1159. 

2.1.4.2. 3-(4-methyl-3-nitrophenyl)-2-phenyl-2,3-dihydro 
quinazolin-4(1H)-one (9h) 

Yield: 0.48g, 68%. Mp: 175-178ºC. 1H NMR (600 MHz, 
DMSO-d6) : 7.92 (d, J = 2.2 Hz, 1H), 7.75 – 7.69 (m, 2H), 

7.53 (dd, J = 8.3, 2.1 Hz, 1H), 7.44 (d, J = 8.3 Hz, 1H), 7.39 
(d, J = 7.6 Hz, 2H), 7.33 – 7.23 (m, 4H), 6.79 (d, J = 8.2 Hz, 
1H), 6.76 – 6.70 (m, 1H), 6.44 (d, J = 2.6 Hz, 1H), 2.46 (s, 
3H). 13C NMR (151 MHz, DMSO-d6) : 163.0, 149.0, 147.3, 
140.4, 139.6, 134.6, 133.2, 131.4, 130.7, 129.0, 128.9, 128.5, 
127.2, 122.3, 118.2, 115.4, 115.2, 72.7, 19.6. HR-MS (ESI) 
calcd. for C21H17N3O3 [M+1]+ 

m/z: 360.1270, found: 
360.1276. 

2.1.5. General Procedure for the Synthesis of Compounds 
13a-r 

A solution of NH4OH (28 % w/w, 0.7mL) was added 
dropwise at room temperature to a suspension of isatoic an-
hydride (1.0 g, 6.0 mmol) in a mixture of acetonitrile: water 
(3:1 (v/v), 20 mL). The reaction mixture was stirred for 1h 
and extracted with EtOAc (3 x 15 mL). The organic layer 
was dried over anhydrous Na2SO4 and concentrated in vacuo 
to yield compound 10 which was used directly without fur-
ther purification. Sodium hydrogen sulfite (0.4 g, 3.8 mmol) 
was added to a solution of 2-aminobenzamide (10) (0.5 g, 
3.8 mmol) and the corresponding aldehyde (3.8 mmol) in 
DMAC (10 mL). The mixture was heated at 150 oC for 2h 
and poured onto ice water and dried in vacuo. Compounds 
11a-c were purified by recrystallization from EtOH or by 
column chromatography employing hexane:EtOAc (70:30) 
as mobile phase. 

Compounds 11a-c (4.6 mmol) were dissolved in phos-
phoryl chloride (5.0 mL, 53.6 mmol) and the mixture was 
stirred and heated at 115 oC for 16 h. The solvent was then 
evaporated and then co-evaporated with toluene. The residue 
was dissolved with EtOAc and 10% NaOH was added drop-
wise. The organic layer was sequentially washed with water 
and brine (3 x 15 mL), dried over anhydrous Na2SO4 and 
concentrated in vacuo. The crude product was purified by 
column chromatography employing hexane:EtOAc, (70:30) 
as mobile phase to give compounds 12a-c. Finally, com-
pounds 13a-r were obtained through either conventional 
heating or microwave heating by following the procedure 
described below. 

Conventional heating: DIPEA (0.75 mmol) in THF (1 
mL) was added to a pressure vial containing the mixture of 
the desired monosubstituted quinazoline (12a-c) (0.25 
mmol) and the required amine (0.25 mmol). The mixture 
was heated under reflux conditions until the TLC analysis 
indicated the complete conversion of the starting material 
into the disubstituted quinazoline. The solution was allowed 
to cool to room temperature, quenched with saturated Na-
HCO3 solution or water, and partitioned with EtOAc (3 x 15 
mL). The organic layer was sequentially washed with brine 
(3 x 15 mL), dried over anhydrous Na2SO4 and concentrated 
in vacuo. The residue was purified by column chromatogra-
phy (SiO2, Hexane/EtOAc, gradient: 100:0 to 60:40) to af-
ford the desired compounds 13a-r.  

Microwave heating: a microwave tube was loaded with 
the corresponding monosubstituted quinazoline (12a-c) (0.25 
mmol), the corresponding amine (0.25 mmol) and isopro-
panol (1 mL). The mixture was heated at 80 oC for 5 min. 
The resulting suspension was then diluted with EtOAc and 
washed with water and brine. The subsequent drying over 
Na2SO4 and evaporation of the solvent yielded a dark solid 



4    Medicinal Chemistry, 2018, Vol. 14, No. 00 Bollini et al. 

 

that was purified by column chromatography (SiO2, Hex-
ane/EtOAc, gradient: 100:0 to 60:40) to afford the desired 
compounds 13a-r. 

2.1.5.1. 2-(benzo[d][1,3]dioxol-5-yl)-N-(2-chlorobenzyl) 
quinazoline-4-amine (13f) 

Conventional heating: Yield: 0.07 g, 72%. Mp: 215-
217ºC. 1H NMR (500 MHz, DMSO-d6) : 8.92 (t, J = 5.7 Hz, 
1H), 8.35 (d, J = 8.2 Hz, 1H), 8.01 (dd, J = 8.2, 1.2 Hz, 1H), 
7.86 – 7.70 (m, 3H), 7.55 – 7.47 (m, 3H), 7.31 – 7.24 (m, 
2H), 6.98 (d, J = 8.2 Hz, 1H), 6.08 (s, 2H), 4.97 (d, J = 5.6 
Hz, 2H). 13C NMR (126 MHz, DMSO-d6) : 167.0, 159.9, 
159.1, 150.4, 149.5, 137.1, 133.3, 133.27, 129.6, 129.1, 
129.0, 128.2, 127.7, 125.7, 123.2, 122.9, 114.1, 108.4, 108.1, 
101.8, 42.1. HR-MS (ESI) calcd. for C22H16ClN3O2 [M+1]+ 
m/z: 390.0897, found: 390.0898. 

2.1.5.2. N-benzyl-2-(4-methoxyphenyl)quinazolin-4-amine 
(13p) 

Microwave heating: Yield 0.07g, 85%. Mp: 148-150°C. 
1H NMR (600 MHz, CDCl3) : 8.59 – 8.48 (m, 2H), 7.91 (d, 
J = 8.5 Hz, 1H), 7.72 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.67 
(dd, J = 8.1, 1.3 Hz, 1H), 7.50 – 7.46 (m, 2H), 7.39 (tt, J = 
6.8, 1.0 Hz, 3H), 7.35 – 7.31 (m, 1H), 7.02 – 6.98 (m, 2H), 
5.90 (s, 1H), 5.02 (d, J = 5.4 Hz, 2H), 3.89 (s, 3H). 13C NMR 
(151 MHz, CDCl3) : 160.4, 159.4, 150.9, 138.9, 132.8, 
131.7, 130.2, 129.0, 128.3, 127.8, 125.2, 120.6, 113.8, 113.5, 
55.5, 45.5. HR-MS (ESI) calcd for C22H19N3O [M+H]+ m/z: 
342.1140, found 342.1191 

2.1.5.3. N-(4-methoxyphenyl)-2-phenylquinazolin-4-amine 
(13q) 

Microwave heating: Yield: 0.07, 88%. Mp: 150-152°C. 
1H NMR (600 MHz, DMSO-d6) : 11.58 (s, 1H), 8.90 (d, J = 
8.3 Hz, 1H), 8.40 – 8.32 (m, 3H), 8.08 (ddd, J = 8.3, 7.0, 1.2 
Hz, 1H,), 7.82 (t, J = 7.7 Hz, 1H), 7.79 – 7.74 (m, 2H), 7.74 
– 7.68 (m, 1H), 7.65 (t, J = 7.7 Hz, 2H), 7.14 – 7.08 (m, 2H), 
3.84 (s, 3H). 13C NMR (151 MHz, DMSO-d6) : 159.2, 
158.0, 157.7, 136.2, 133.7, 130.1, 129.6, 129.4, 128.4, 126.4, 
124.9, 114.4, 113.1, 55.8. HR-MS (ESI) calcd. for 
C21H17N3O, [M+H]+ m/z: 328.1449, found: 328.1450. 

2.1.5.4. N-(4-chlorobenzyl)-2-phenylquinazolin-4-amine 
(13r) 

Conventional heating: Yield: 0.04 g, 41%. Microwave 
heating: Yield: 0.07 g, 82%. Mp: 174-182°C. 1H NMR (300 
MHz, DMSO-d6) : 8.96 (t, J = 5.5 Hz, 1H), 8.42 (dd, J = 
6.6, 3.0 Hz, 2H), 8.30 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 3.6 
Hz, 2H), 7.57 – 7.33 (m, 8H), 4.90 (d, J = 5.7 Hz, 2H). 13C 
NMR (75 MHz, DMSO-d6) : 160.0, 159.6, 150.4, 139.4, 
138.9, 133.2, 131.6, 130.4, 129.7, 128.7, 128.3, 125.9, 123.1, 
114.2, 43.7. HR-MS (ESI) calcd. for, C21H16ClN3, [M+H]+ 

m/z: 328.1449, found: 328.1450. 

2.2. Biology 

2.2.1. Parasites and Mammalian Cells 

T. cruzi epimastigotes (Tulahuen strain, Tul 2 stock) 
were grown at 28 °C in a liquid culture medium containing 
3.3% brain-heart infusion (Difco); 0.3% tryptose (Difco); 
0.3% disodium phosphate; 0.04% potassium chloride; 0.03% 

dextrose and 20 g mL-1 hemin. After sterilization, penicillin 
(100 IU mL-1), streptomycin (100 μg mL-1) and 10% v/v 
heat-inactivated fetal calf serum were added. T. cruzi blood-
stream trypomastigotes were obtained from infected CF1 
mice by cardiac puncture, at the peak of parasitemia on day 
15 post-infection. Trypomastigotes were routinely main-
tained by infecting 21-day-old CF1 mice (weighing 23.8 ± 
2.6 g). Inbred CF1 male mice were nursed at the animal fa-
cility in Facultad de Medicina, Universidad de Buenos Aires. 
Animals were handled in accordance with guidelines estab-
lished by the Animal Care and Use Committee of the Argen-
tine Association of Specialists in Laboratory Animals 
(AADEALC). The Vero cell line was cultured in RPMI me-
dium, supplemented with 10% FBS, 100 U mL-1 penicillin 
and 0.1 mg mL-1 streptomycin. 

2.2.2. In vitro Trypanocidal Activity Assay 

To evaluate the growth inhibition of T. cruzi epimas-
tigotes, parasites were inoculated into fresh culture medium 
to reach an initial concentration of 1.5–2.5  106 cells mL-1. 
Parasites were then cultured for 4 days in the presence of 
different concentrations (2.50–15 μM) of the compounds to 
be tested or Bnz (as reference trypanocidal drug). The inhibi-
tion of parasite growth was evaluated and compared to con-
trol cultures without compounds. The parasites growth was 
monitored by counting the number of parasites per mL of 
culture using a Neubauer chamber and expressed as cell den-
sity (CD). For the count, only motile parasites were taken 
into account. The percentage of inhibition (%I) was calcu-
lated as: %I = {1 [(CD4t–CD0t)/(CD4c–CD0c)]}  100, where 
CD4t is the CD of treated cultures measured on day 4 ; CD0t 
is the CD of treated cultures measured immediately after 
adding the drug (day 0); CD4c is the CD of untreated cultures 
(control) measured on day 4; and CD0c is the CD of un-
treated cultures measured on day 0.  

The trypanocidal effects of different compounds and Bnz 
were also tested on bloodstream trypomastigotes according 
to a standard WHO protocol with minor modifications [16-
17]. The IC50 epi and IC50 trypo (50% inhibitory concentra-
tion on epimastigotes and trypomastigotes, respectively), 
was estimated by non-linear regression analysis (sigmoidal 
curve) from the %I values and the decimal logarithm (log) of 
drug concentration. 

2.2.3. Cytotoxicity Assay 

To evaluate the cytotoxic activity, Vero cells (1,5 x 105 
cell/mL) were seeded in a 24-well plate and after 24 h of 
incubation, different concentrations of each synthesized 
compound (12 - 120 M) or Bnz (3 - 300 M) were added. 
After 48 h of incubation, cells were washed with PBS and 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) was added at a final concentration of 0.5 mg mL-1. 
Plates were incubated for 1h at 37 °C, the purple precipitate 
was then dissolved in 0.5 mL DMSO and read on a plate 
reader (Spectra CountTM BS 10001) at 570 nm. Treated cells 
were compared with the untreated control, which were taken 
as 100% viability. The CC50 (50% cytotoxic concentration) 
was calculated by non-linear regression analysis (sigmoidal 
curve) from the percentage of viable cells and the decimal 
logarithm (log) of drug concentration. 
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Results are representative of three to four separate ex-
periments, performed in duplicate or triplicate. Data are ex-
pressed as means ± standard errors of the mean (SEMs). 
Non-linear regression analyses were done using the Sigma 
Plot 12 software.  

2.3. Computational Chemistry 

2.3.1. ADME Prediction  

ADME predictions were carried out for the lead candi-
dates in order to check the pharmacological activity using the 
QikProp 2.1 module [18]. 

2.3.2. Quantitative-structure Activity Relationship 

Molecular structures were drawn in MarvinSketch 
17.3.13.0. The resulting 2D geometry was transferred into 
the PaDel-Descriptor program package in order to obtain 
1444 descriptors which included constitutional, topological, 
geometrical, 2D autocorrelation, and electrotopological 
classes [19]. Those molecular descriptors with zero variances 
or more than 90% of zero values were deleted. To generate 
two-class models, and based on their activity, the data set 
was divided into active and inactive compounds. Compounds 
with anti-epimastigote activity IC50 < 15 μM were consid-
ered active and compounds with IC50 > 15 μM were consid-
ered inactive. For the trypomastigote activity, compounds 
with IC50 < 120 μM were considered active and compounds 
with IC50 > 120 μM were considered inactive. At this point, a 
set of compounds was selected employing a stratified sam-
pling as a prediction set (PS), and these compounds were not 
used anywhere in the model development but for validation. 
The remaining compounds comprised the training set (TS) 
[20]. The highly correlated descriptors, multicollinearity and 
useless descriptors were eliminated. In this work, for the 
classification via regression, we employed the M5’ algorithm 
as implemented in Weka [21-22].  

The Molegro Virtual Docker 4.1 software was used to 
manipulate the data to generate several classic QSAR multi-
ple linear regression (MLR) models [23] using the structures 
displaying quantitative activity on epimastigotes and 
tryposmastigotes (pIC50). The descriptors are ranked accord-
ing to the Pearson correlation coefficient between each de-
scriptor and the target variable. The quality/performance of 
each feature selection solution is evaluated using the crite-
rion training set that uses a Forward Selection method to 
evaluate model performance, balancing model accuracy 
(Mean Squared Error, MSE) and model complexity (number 
of descriptors used in the model) [24]. Finally, the generated 
QSAR model is used against itself using a Leave-One-Out 
cross-validation (LOOCV) strategy [25]. In this work, we 
extended the classic MLR methodology with a back-pro-
pagation neural network analysis (BNN) approach (utilizing 
LOOCV). The artificial neural network analysis (ANN) is 
one of the most widely used methods for developing non-
linear models. More details about ANN theory have been 
described elsewhere [26]. The BNN is a gradient descent on 
the error surface, the weights of the connections between 
neurons being adjusted in order to decrease the root mean 
squared error between calculated and expected values for all 
molecules in the training set. 

2.4. Physicochemical Properties 

2.4.1 Shake-flask Method for drug Solubility Testing  

The shake-flask method was used as a reference assay 
[27]. Representative compounds (5a, 5b, 9b, 9h, 13f and 

13p) (1.0 mg) were weighed into 2.5 mL glass vials, and the 
medium (buffer solution at pH 7.4; 6.5 or 2.0) was added. 
The vial contents were mixed at 600 rpm at 37 °C. After 48 
h, the sample was filtered (0.2 μM, Sterile Acrodisc® 13, 
GelmanScience) before UV analysis. Calibration curves 
were obtained from a series of compounds over a wide con-
centration range and constructed by plotting absorbance of 
the compounds against the concentration. All compounds 
were tested in triplicate. 

3.4.2 PBS Stability 

A 100 μM solution of compounds (5a, 5b, 9b, 9h, 13f, 

13p) was prepared in phosphate buffered saline (PBS), pH 
7.4, from a 25 M stock solution in DMSO. The storage 
vials were then incubated at 37 ºC and shaken at 100 rpm for 
48 h. Samples were taken at 0 min, 30 min, 1 h, 2 h, 4 h, 8 h, 
24 h, and 48h. The samples were subjected to vortex mixing 
for 1 min and then centrifugation at 4°C for 15 min at 14,000 
rpm. The clear supernatants were analyzed by UV-vis. The 
values represent the mean of three independent experiments 
Percentage stability was determined using the chroma-
tographic peak area. All the samples were prepared in tripli-
cate. 

3. RESULTS AND DISCUSSIONS:  

3.1. Chemistry 

Quinazolines and quinazolinones are compounds featured 
by the presence of fused heterocycles which are of consider-
able interest because of the wide range of biological proper-
ties they display. Taking into account such characteristics, 
our goal was to synthetize a new series of quinazolinone and 
quinazoline derivatives having anti-chagasic activity (Fig. 2). 
The desired compounds were obtained in multistep reactions, 
as shown in Scheme 1-4. 
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N
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N
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R
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R3
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Series I Series II Series III
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Fig. (2). Structure of the series of quinazolinone and quinazoline 
derivatives synthesized. 

The most common methods of synthesis of quinazoline-
diones (Series I) involve the reaction between methyl an-
thranilates and isocyanates with base catalysis [28], and be-
tween isatoic anhydride and amines and isocyanates and sub-
sequent reaction with diethyl carbonate, [29] triphosgene 
[30] or trichloroacetyl chloride [31]. In all cases the synthe-
sis consists of more than one reaction step, drastic conditions 
and the use of highly toxic reagents. Herein, we report the 
synthesis of 3-arylquinazoline-2,4(1H,3H)-diones in a one-
pot process that involves the reaction between ethyl 2-
aminobenzoates (1) and arylisocyanates (2), using macro-
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reticular resins such as Amberlyst 15 acid catalyst in reflux-
ing dry dioxane. First, an intermediate compound, 2-(3-
arylureido)-ethylbenzoate (3) is formed, and without isolat-
ing provides the corresponding quinazolinedione (4a-c) by a 
cyclization reaction with the subsequent loss of ethanol. The 
corresponding salts of these compounds were generated by 
the reaction with potassium carbonate in acetone and subse-
quently treated with phenacyl bromide to obtain the N-1 al-
kylated derivatives (5a-c) (Scheme 1). 

Compounds 4d-e were synthesized from isatoic anhy-
dride and benzylamine or 2-chlorobenzylamine by heating to 
reflux without solvent as shown in Scheme 2.  

Different strategies for the synthesis of quinazolinones 
(Series II, Fig. 2) have been widely described in the literature 
[15, 32-34]. In this work, we report an efficient procedure 
for the synthesis of disubstituted quinazolinones via a one-
pot condensation of isatoic anhydride, aldehyde and amine in 
the presence of Amberlyst-15 under classical heating condi-
tions (Scheme 3). 

In order to optimize the reaction conditions, we carried 
out the reaction with isatoic anhydride (2.0 mmol), aniline 
(2.0 mmol) and benzaldehyde (2.0 mmol) as a model reac-
tion in the presence of different amounts of solvents and 
catalyst under reflux (Table 1). The reaction was carried out 
in pure water, EtOH or EtOH-H2O. After several attempts, 
the results showed that the EtOH-H2O (7:1) system was the 
best choice.  

Table 1. Optimization of solvent and catalyst conditions for 

the synthesis of 9a. 

Catalyst
 

Solvent (mL) Yield, % 

Amberlyst-15 (0.0g) EtOH 12 

Amberlyst-15 (0.005g) EtOH 35 

Amberlyst-15 (0.010g) EtOH 41 

Amberlyst-15 (0.010g) H2O 15 

Amberlyst-15 (0.010g) EtOH: H2O (9:1) 55 

Amberlyst-15 (0.010g) EtOH: H2O (8:1) 77 

Amberlyst-15 (0.010g) EtOH: H2O (7:1) 89 

Amberlyst-15 (0.010g) EtOH: H2O (6:1) 66 

 

The general procedure employed for the synthesis of 
members of the 2,4-disubstituted quinazoline derivatives 
series (Series III, Fig. 2) (13a-r) is shown in Scheme 4. 

2-Aminobenzamide (10), employed as a starting point, 
was prepared using a standard methodology [35]. Compound 

10 reacted with the corresponding aldehyde in dimethy-
lacetamide (DMAC) in the presence of NaHSO3 at 150°C. 
The thermal cyclodehydration/dehydrogenation afforded the 
substituted 2-phenyl-4-quinazolines (11a-c). Finally, the 
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Scheme 1. Synthesis of compounds 4a-c and 5a-c. Reagents and conditions: (a) Amberlyst 15, dioxane (b) phenacyl bromide, K2CO3, ace-
tone. 

N
H

O

O

O

NH2

R
+

N
H

N

O

O

R

4d R: H

4e R: Cl

a

6

 

Scheme 2. Synthesis of compounds 4d-e. Conditions: (a) 160°C, 30 min. 
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Scheme 3. Synthesis of compounds 9a-h. Reagents and conditions: (a) Amberlyst-15, EtOH:water (7:1), reflux, 2h. 
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desired compounds (13a-r) were prepared by SNAr chemis-
try from 4-chloro quinazoline (12a-c) and the corresponding 
alkyl or phenyl amines. The reaction was carried out in seal 
tube under reflux conditions for 24 or 48 h to obtain a good 
yield. In order to accelerate the chemical reaction, the mi-
crowave technique was used employing isopropanol as sol-
vent. The desired compounds were obtained in only 5 min in 
a very good yield.  

3.2. Biological Activity  

3.2.1. Evaluation of anti-T. cruzi Activity 

After the structural characterization of the synthesized 
compounds, the antiparasitic activity against T. cruzi epimas-
tigotes and trypomastigotes and cytotoxicity activity on Vero 
cells were determined. The antiparasitic and cytotoxic activi-
ties were expressed in terms of IC50 and CC50 values, respec-
tively. Bnz was used as a reference antiparasitic drug.  

The compounds derived from quinazolinediones (Series 
I, 4-5) wherein R1 is a phenyl or a 4-chlorophenyl with or 
without substitution on the fused aromatic ring (4a-c) were 
found to be inactive against both epimastigotes and trypo-
mastigotes. However, compounds N-1 substituted (5a-c) 
with a phenacyl group showed a slight antiparasitic activity 
on epimastigotes, whereas on trypomastigotes, the activity 
was similar to that of Bnz. In addition, the quinazolinediones 
substituted with a benzyl or a 2-chlorobenzyl in the R1 posi-
tion (4d, 4e) showed activity only against the epimastigote 
form. In this series, compounds 5a and 5b were found to be 
the most active on the trypomastigote stage, which leads us 
to conclude that the substitution in N-1 with the phenacyl 
group is favorable for the activity against this infective form. 
Unlike 5c, compounds 5a and 5b did not show any cytotox-
icity on Vero cells (Table 2). 

Compound 9d derived from Series II showed activity 
against the epimastigote stage. Compounds 9b and 9h had 
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Scheme 4. Synthesis of compounds 13a-r. Reagents and conditions: (a) Et3N, NH4OH (28 % w/w), H2O, MeCN, rt, 1 h; (b) aldehyde, Na-
HSO3 DMAC, 150°C, 2h. (c) POCl3, 115°C, 16h; (d) DIPEA, THF, reflux, 24-48 h or microwave irradiation, amine, isopropanol, 80°C, 5 
min. 
 
Table 2. In vitro anti-trypanosomal activity and cytotoxicity of quinazolinedione derivatives. 

Series I 

N
R

3

N

O

R

O

R1

R2

 

Cmpd. R R1 R2 R3 IC50Epi ( M) IC50Trypo ( M) CC50 ( M) 

4a Ph H H H >15 >100 ND 

4b 4-ClPh H H H >15 >100 ND 

4c 4-ClPh CH3O CH3O H >15 >100 >>120 

4d Bz H H H 11.79 ± 0.96 115.55 ± 3.50 117.10 ± 5.80 

4e 2-ClBz H H H 11.25 ± 0,25 >>100 >>120 

5a Ph H H PhCOCH2 15.89 ± 0.75 48.45 ± 5,65 >>120 

5b 4-ClPh H H PhCOCH2 12.68 ± 0.42 57,80 ± 6.20 >>120 

5c 4-ClPh CH3O CH3O PhCOCH2 13.04 ± 0.95 48.50 ± 7.15 186.99 ± 5.70 

Bnz - - - - 5.49 ± 0.49 30.26 ± 2.85 87.25 ± 3.24 
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appreciable activity against epimastigotes and trypomas-
tigotes. None of the compounds of this series showed cyto-
toxicity on mammalian cells (Table 3). 

From the Series III, compounds 13a, 13b, 13f, 13l, 13m 

and 13p were found to be potent and selective (IC50<10 M, 
CC50>100 M) when tested on the epimastigote form. In 
contrast, compounds 13c, 13h-k, 13o, 13q and 13r displayed 
high cytotoxicity on Vero cells. We observed that com-
pounds having a 2-chlorobenzyl group in position R1 (13c 
and 13j) did not exert cytotoxic effects when a methylenedi-
oxy group is located in position R (13f). Upon analyzing 13c 
and 13p, which have the same R group, it can be observed 
that the change of the 2-chlorobenzyl by a benzyl group in 
R1 abrogates the cytotoxicity. Compounds 13f y 13p were 
found to be the most promising compounds of Series III be-
cause of their activity against epimastigotes and trypomas-
tigotes, which was similar to that of Bnz (Table 4). 

In summary, SAR of this series (I, II, III) demonstrates 
that the presence of phenacyl group at 1- position in the 
quinazolindione scaffold; the introduction of aryl or substi-
tuted aryl moiety in the quinazolinones core, and the addition 
of a variety of aryl moieties with donor groups and amino-
benzyl group at 2- and 4- positions, respectively, in the 
quinazoline ring are essential for the trypanocidal activity.
 Out of the three series of compounds analyzed, the de-
rivatives 5a, 5b, 9b, 9h, 13f and 13p were the most active to 
kill the parasite (epimastigotes and trypomastigotes) while 
being non-cytotoxic for mammalian cells. 

3.3. Computational Chemistry 

3.3.1 Quantitative-structure Activity Relationship 

Quantitative structure-activity relationship (QSAR) stud-
ies play essential roles in pharmaceutical research to identify 
and generate high-quality leads in the early stages of drug 
discovery. QSAR studies help reduce the costly failures of 

drug candidates by identifying promising lead compounds 
and reducing the number of costly experiments. As long as 
the promising results obtained in the biological assays per-
formed with these three chemically diverse collections, 
prompted us to find the relationship between the chemical 
features of our derivatives and the observed anti-T. cruzi 
activity. To this end, we decided to conduct a classical 
QSAR multiple linear regression (MLR) study by consider-
ing the logarithmic IC50 values of our compounds as the de-
pendent variable, and calculated ca.14444 descriptors which 
included constitutional, topological, geometrical, 2D auto-
correlation, and electrotopological classes to serve as inde-
pendent variables. The best model capable of describing the 
inhibitory pattern against both epimastigotes and tripomas-
tigotes is illustrated by the following equations (Equation 1 
and Equation 2): 

Equation 1 

3769.2_3).0206.0(381.2

).0375.0(2959.4

2).1781.0(4746.0)(50

+

+

+=

DVR

FMF

ALogppI predictedEpi

 

n: 25, R2: 0.595, Q2 LOOCV: 0.543, F: 33.7, p < 0.0001 

The FMF descriptor is an approach to characterizing mo-
lecular complexity based on the Murcko framework present 
in the molecule. The descriptor is the ratio of heavy atoms in 
the framework to the total number of heavy atoms in the 
molecule. It has been demonstrated that the FMF correlates 
to the ADMET properties, such as solubility, permeability 
and cytochrome P450 isoform 3A4 inhibition. The VR3_D 
descriptor is the logarithmic Randic-like eigenvector-based 
index from topological distance matrix. The above MLR 
model gave a moderate Pearson correlation squared coeffi-
cient of 0.595 (RMSD=0.122). The model predictability 
gave a Q2

LOOCV value of 0.543. 

Table 3. In vitro anti-trypanosomal activity and cytotoxicity of quinazolinones derivatives. 

Series II 

N
H

N

O

R

R
1

 

Cmpd. R R1 IC50Epi (μM) IC50Trypo (μM) CC50 (μM) 

9a Ph 4-COOHPh 17.95 ± 0.56 138.22 ± 2.82 >>120 

9b 

O

O  
Ph 11.81 ± 0.23 68.08 ± 2.95 >>120 

9c 4-NO2Ph Ph >15 >>100 170.68 ± 4.92 

9d Ph Ph 10.55 ± 0.21 >>100 >>120 

9e Ph Bz >15 >>100 >>120 

9f 3,5-di-CH3OPh Ph 30.52 ± 0.94 >>100 >>120 

9g Ph 4-ClPh >15 >>100 >>120 

9h Ph 4-CH3-3-NO2Ph 12.59 ± 0.48 27.85 ± 5.60 >>120 
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Equation 2 

4765.5).0764.0(9570.2

31).1707.0(5941.0

1).1093.0(5429.2)(50

++

=

topoShape

SPC

cGATSpI predictedTry

 

n: 18 R2: 0.626, Q2 LOOCV: 0.573, F: 26.7, p < 0.0001 

The descriptors found for this equation where the Geary 
autocorrelation -lag 1 / weighted by atomic charges 
(GATS1c), the index of molecular connectivity to carbon 
atom, in terms of hybridization (C1SP3) the topoShape de-
scriptor, which is a measure of the molecular anisotropy. The 
above MLR model gave a moderate R2 value of 0.626 
(RMSD = 0.256). The model predictability gave a Q2

LOOCV 
value of 0.573. 

In order to obtain a better predicting biological activities 
model, we extended the classic MLR methodology with a 
back-propagation neural network analysis (BNN) approach 
(utilizing LOOCV). The artificial neural network analysis 
(ANN) is one of the most widely used methods for develop-
ing non-linear models. The BNN developed herein com-
prised three layers: the input, hidden, and output layers (4, 4, 
1) and the rest of the settings were by default. This BNN was 
used as a feature mapping method to construct the non-linear 
model. 

Epimastigote activity: Training set (TS) selected with a 
75% splitting stratified sampling of the complete set of com-
pounds with active/inactive classification (25 structures). 
The relevant descriptors found with this approach were the 
mean topological charge index of order 3 (JGI3), the centred 
Broto-Moreau autocorrelation of lag 6 weighted by atomic 

Table 4. In vitro anti-trypanosomal activity and cytotoxicity of 2,4 disubstituted-quinazoline derivatives. 

Series III 

N

N

NH

R

R1

 

Cmpd. R R1 IC50Epi (μM) IC50Trypo (μM) CC50 (μM) 

13a Ph 
N  

7.43 ± 0,8 >>100 111.54 ± 5.24 

13b Ph Bz 2.75 ± 0.48 50.64 ± 2.80 108.35 ± 2.75 

13c 4-CH3OPh 2-ClBz 14.04 ± 0.56 22.88 ± 2,15 18.58 ± 4.45 

13d Ph 
N

 
>15 127.31 ± 3.66 75.84 ± 3.20 

13e Ph N O

 
>15 >>100 81.21 ± 5.77 

13f 

O

O  

2-ClBz 3.04 ± 0.75 56.15 ± 5.72 >>120 

13g Ph 2-EtCOOPh >15 287.28 ± 4.05 75.80 ± 4.77 

13h Ph 2-CH3Ph 10.57 ± 0.67 408.31 ± 4.25 14.81 ± 2.88 

13i Ph Ph 6.38 ± 0.39 >>100 38.42 ± 5.65 

13j Ph 2-ClBz 5.80 ± 0.27 >>100 25.30 ± 4.27 

13k Ph 4-FBz 8.00 ± 0.43 507.10 ± 7.55 32.53 ± 4.80 

13l Ph 4-CH3OBz 9.86 ± 0.52 40.70 ± 3.77 129.22 ± 3.22 

13m Ph 2-CH3Bz 9.98 ± 0.37 409.39 ± 7.52 > 120 

13n Ph 4-CH3Bz 28.27 ± 0.60 527.2 ± 4.85 34.07 ± 3.20 

13o Ph 3-CF3Ph 13.01 ± 0.38 ND < 3 

13p 4-CH3OPh Bz 7.79 ± 0.20 35.45 ± 3.20 >>120 

13q Ph 4-CH3OPh 7.71 ± 0.09 ND <3 

13r Ph 4-ClBz 5.63 ± 0.45 ND <3 
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volume (ATSC6v) and the FMF descriptor explained above. 
The above ANN model gave a moderate R

2 value of 0.626 
(RMSD= 0.256). The model predictability gave a Q2 LOOCV 
value of 0.573 (Fig. 3 A). 

Trypomastigote form: TS selected with a 80% splitting 
stratified sampling of the complete set of compounds with 
active/inactive classification (24 structures). The descriptors 
found for this equation where the Geary autocorrelation -lag 
1 / weighted by atomic charges (GATS1c), the index of mo-
lecular connectivity to carbon atom, in terms of hybridiza-
tion (C1SP3) and the FMF descriptor. The above ANN 
model gave a very good R2 value of 0.910 (RMSD = 0.135). 
The model predictability gave a Q2

LOOCV value of 0.762 (Fig. 
3 B). 

In summary, the classical QSAR studies performed pro-
vided the understanding of the properties that most influ-

enced the anti-T. cruzi activity of quinazolinone and quina-
zoline derivatives. Comparison between statistical parame-
ters of ANN and MLR models in epimastigote and trypo-
mastigote form indicates that the ANN model produces bet-
ter predicted model. The findings suggested that topological 
complexity and electrotopological properties are the most 
crucial molecular features for the anti-T. cruzi activity. 

3.4. Physicochemical Predictions and Aqueous Solubility 

of the Selected Compounds 

The pharmacological characteristics of drug candidates 
were predicted with the QikProp software [36] summarized 
in Table 5. QikProp generates physically relevant descriptors 
and uses them to perform ADMET predictions. A compound 
is viewed as potentially problematic if it does not satisfy a 
“rule-of-three”: predicted log S > -6.0, PCaco> 30 nm/s, and 

 
Fig. (3). Comparative outcome for both, MLR and ANN QSAR model strategies for Epimastigote (A) and Trypomastigote (B) activity. Dots 
= MLR-QSAR model. Crosses = ANN-QSAR model. 
 

Table 5. Calculated pharmacological characteristics, experimental solubility and stability for active compounds. 

Cmpd. 
IC50 EPI 

(μM)
a
 

QlogP
b
 QlogS

c
 QPCaco

d
 #met

e
 

Aqueous Solubility
f
 g/mL 

pH 

PBS Stability 

(h) 

          2.0 6.5 7.4   

5a 15.89 3.34 -3.38 1369 2 4.60 3.90 3.00 >48 

5b 12.68 3.84 -3.61 1371 2 5.30 3.80 4.20 >48 

9b 11.81 5.10 -5.80 6736 1 29.11 5.34 1.19 >48 

9h 12.59 3.51 -5.10 820 5 42.40 4.01 3.65 >48 

13f 3.04 2.57 -4.25 503 4 166.50 3.28 1.10 >48 

13p 7.79 5.21 -5.73 6766 2 137.60 4.10 2.82 >48 

aIC50 (μM) was calculated from dose–response curves by the Prism software. Results represent the average of two or more independent experiments. 
boctanol/water partition coefficient (log Po/w) 
c aqueous solubility 
d Caco-2 cell permeability 
e number of metabolites 
f Experimental solubility at pH 2, 6.4, 7.4. Reference values at pH 6.4: piroxicam, 7.3 g/mL; efavirenz, 68.3 g/mL. Values are expressed as means of two independent experiments, 
each run in triplicate. 
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maximum number of primary metabolites of six. The most 
potent compounds reported herein comply with all these lim-
its (Table 5).  

We next tested the in vitro solubility and stability in PBS 
of the top six compounds. In humans, the stomach pH value 
is 1.0-2.0, while in the small intestine, pH values are 5.0-7.0. 
Because compound solubility often depends on solution pH, 
it is important to consider different pH buffers. Taking into 
account the relevance of drug solubility in in vivo absorption 
and distribution, we chose pH values of 2.0, 6.4, and 7.4 for 
the analysis.  

Solubility data are summarized in Table 5. Compounds 
9b, 9h, 13f, 13p presented considerable solubility values 
under acidic conditions (29.11-166.50 g/mL), which en-
sures good absorbability in the stomach. A comparison of the 
compounds 9h, 9b (Series II) and 13 f, 13p (Series III) 
showed that the compounds belonging to series III are more 
soluble at pH 2.0 than those belonging to series II. The latter 
phenomenon might probably be due to the presence of the 
free amino group. Compounds 5a, 5b had poor solubility at 
the different pH evaluated. The aqueous solubility pattern of 
the assayed compounds was similar to the predicted solubil-
ity. All the compounds also had a reasonable stability in PBS 
(>48 h), so no intrinsic chemical stability issues were ex-
pected. 

CONCLUSION 

Quinazolinone and quinazoline derivatives represent an 
interesting new family of drugs to control the multiplication 
of T. cruzi within the host cell. Six compounds (5a, 5b, 9b, 
9h, 13f and 13p) showed a low micromolar activity against 
the epimastigote and trypomastigote forms with desirable 
drug-like properties. A QSAR study was carried out to find 
the relationship between the physicochemical parameters of 
quinazoline and quinazolinone derivatives and their anti-T. 
cruzi activity. This study indicated that topological complex-
ity and electrotopological properties are crucial molecular 
features for the biological activity observed. 

The results obtained herein give new insights to improve 
the anti-T. cruzi activity of quinazoline and quinazolinone 
derivatives and could help to develop new antichagasic com-
pounds. 
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