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Abstract
Nine 1-phenyl-1H-pyrazolo[3,4-d]pyrimidine derivatives with different substituents in the 4-position of the phenyl group
and benzenesulfonamide moiety were synthesized and evaluated against Plasmodium falciparum. Six compounds exhibited
activity in vitro against the chloroquine-resistant clone W2 with IC50 values ranging from 5.13 to 12.22 µM. The most active
derivative with substituents R1= F / R2= CH3 exhibited an IC50 value of 5.13 µM and an IS value of 62.90, which was
higher than that of the control drug sulfadoxine. For this reason, it is possible to conclude that the 1H-pyrazolo[3,4-d]
pyrimidine system is promising as a prototype for further studies of antimalarial candidates.
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Introduction

The data from the World Health Organization (WHO)
revealed a significant reduction in the number of cases of
malaria across the globe. In 2010, there were an estimated 237
million cases of malaria compared with 211 million cases in
2015. However, in 2016, an estimated 5 million more malaria
cases occurred globally compared to 2015 (WHO 2017).

Monotherapy is no longer used to treat malaria due to the
high parasitic resistance exhibited by Plasmodium falci-
parum to most available drugs. Instead, the WHO recom-
mends the use of artemisinin-combined therapies (ACTs)
(WHO 2015). Combination therapy with the simultaneous

use of drugs having different modes of action helps prevent
recrudescence and is employed to slow the development of
parasite resistance (WHO 2015). Artemisinin derivatives
are fast acting against intraerythrocytic asexual blood-stage
malaria parasites; however, the disadvantage is their very
short in vivo half-lives. Therefore, they are coadministered
with longer half-life drugs (WHO 2015). Due to the resis-
tance against quinoline derivatives and artemisinin deriva-
tives, there is an urgent need for novel antimalarials with
better safety profiles than current medicines (White 2004;
Wells et al. 2015; Tilley et al. 2016).

In the recent literature, a number of new antimalarial
compounds in different stages of preclinical and clinical
development have been described (Schrader et al. 2012;
Barnett and Guy 2014; Anthony et al. 2012; Biamonte et al.
2013; Teixeira et al. 2014). Quinoline derivatives are still
the predominant class of antimalarial compounds (Vande-
kerckhove and D’hooghe 2015; Mushtaque and Shahjahan
2015; Kaur et al. 2010). However, due to the resistance to
this class of drugs, the search for other analogous com-
pounds is extremely important.

In our previous search for new drugs against malaria, we
demonstrated the importance of quinolone (Varotti et al.
2008; Boechat et al. 2014; Pinheiro et al. 2015; Carvalho
et al. 2016) and non-quinolone derivatives (Boechat et al.
2012; Silva et al. 2016; Azeredo et al. 2017).

We have recently synthesized a new series of quinoline-
sulfadoxine hybrids resulting from molecular hybridization
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between the quinoline ring and the benzenesulfonamide
moiety present in chloroquine and sulfadoxine, respectively,
which are drugs used in the treatment of malaria. All
compounds in this series were active in vitro against the P.
falciparum W2 chloroquine-resistant clone, and none of
these compounds were toxic to mammalian BGM cells. The
majority presented IC50 values lower than chloroquine with
values ranging from 0.05 to 0.40 µM. The most active
hybrids have a structural relationship among the four
methylene groups that are used as linkers between the
quinoline ring and the benzenesulfonamide moiety. Four
compounds exhibited selectivity index (SI) values
(3386.0–1031.3) higher than chloroquine (834.74). When
evaluated against P. berghei malaria, compound I (Fig. 1)
was the most active and inhibited parasitemia by 49% on
day 5 after inoculation, contributing to the discovery of new
prototypes with antimalarial activity (Pinheiro et al. 2015).

In an effort to find new non-quinoline compounds with
anti-P. falciparum activity, we used precursor compound I to
design the new derivatives N-(4-((1-phenyl-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)amino)butyl)benzenesulfonamides (1–9)
(Fig. 2). The 7-chloroquinoline moiety was replaced by the 1-

phenyl-1H-pyrazolo[3,4-d]pyrimidine system by ring isoster-
ism. An N-(4-aminobutyl)benzenesulfonamide moiety was
attached to the 4-position of the heterocyclic ring.

The 1H-pyrazolo[3,4-d]pyrimidine ring remains sepa-
rated from the benzenesulfonamide moiety by the linker
containing four methylene groups, similar to that found in
the individual molecular framework of precursor I. The
anti-P. falciparum activities of the quinoline and 1H-pyr-
azolo[3,4-d]pyrimidine systems were then compared.

Chemistry

The synthetic route for preparing the N-(4-((1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)amino)butyl)benzenesulfo-
namides (1–9) is shown in Scheme 1.

The 5-amino-1-phenyl-1H-pyrazole-4-carbonitrile com-
pounds (10a–c) can easily be prepared in 61–80% yield from
the reaction of the appropriate phenylhydrazine (0.001 mol)
and 2-(ethoxymethylene)malononitrile (0.001mol) in ethanol
under reflux for 2 h (Santos et al. 2012).

The 1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ols (11a–
c) can be prepared in 73–89% yield from the reaction of
suitable 5-amino-1-phenyl-1H-pyrazole-4-carbonitriles
(10ab–c) (0.01 mol) and formic acid (20 mL) under reflux
for 12 h (Soliman et al. 2012).

Derivatives 11a–c (0.004 mol) were refluxed with
phosphorous oxychloride (10 mL) for 24 h to produce 4-
chloro-1-phenyl-1H-pyrazolo[3,4-d]pyrimidines (12a–c) in
78–97% yield (Bernardino et al. 2006).

The N1-(1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)
butane-1,4-diamine compounds (13a–c) were synthesized
in 23–36% yield by the nucleophilic substitution reaction
between the 4-chloro-1-phenyl-1H-pyrazolo[3,4-d]pyr-
imidines (12a–c) (0.004 mol) and butane-1,4-diamineFig. 1 Structure of compound I

Fig. 2 Rational approach to the
design of compounds 1–9
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(0.004 mol) in CH3CN (80 mL) at 25 °C for 24 h (Pinheiro
et al. 2015; Silva et al. 2016).

The addition-elimination reaction between the amines
(13a–c) (0.001 mol) and the appropriate sulfonyl chloride
(4.5 eq) was performed in DMF (10 mL) and triethylamine
(TEA) (1 eq) at 90 °C for 24 h to obtain the target com-
pounds N-(4-((1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)
amino)butyl)benzenesulfonamides (1–9) in 25–79% yield
(Pinheiro et al. 2015).

Material and methods

All reagents and solvents used were analytical grade. The
1 H, 13 C and 19 F nuclear magnetic resonance (NMR)
spectra were obtained at 400.00, 100.00 and 376.00MHz,
respectively, using a BRUKER Avance instrument equipped
with a 5-mm probe. Tetramethylsilane was used as an
internal standard. The chemical shifts (δ) are reported in
ppm, and the coupling constants (J) are reported in Hertz.
Electron-ionization mass spectra (EI-MS, scan ES+ capil-
lary (3.0 kV)/cone (30 V)/extractor (1 V)/RF lens (1.0 V)/
source temperature (150 °C)/desolvation temperature (300 °
C)) were recorded using a Micromass/Waters Spectrometer
(model: ZQ-4000). High Resolution Mass Spectrometry
(HRMS) data were obtained using an LC-MS Bruker Dal-
tonics MicroTOF (time of flight analyzer). Fourier transform
infrared (FT-IR) absorption spectra were recorded on a
Shimadzu mode IR Prestige-21 spectrophotometer through
KBr reflectance. The melting points (m.p.) were determined
using a Büchi model B-545 apparatus. TLC (thin layer
chromatography) was performed using a silica gel F-254
glass plate (20 × 20 cm). Column chromatography was per-
formed using silica gel 60 (0.040–0.063 mm). The analysis
by high performance liquid chromatography (HPLC) was
performed on Shimadzu liquid chromatography LC-10AD
using Hypersil BDS C18 column (5μm 250 × 4.6 mm).

General procedure for preparing 5-amino-1-phenyl-
1H-pyrazole-4-carbonitriles (10a–c)

A mixture of the appropriate phenylhydrazine (0.001 mol)
and 10 mL of ethanol was stirred and allowed to reflux.
Then, 2-(ethoxymethylene)malononitrile (0.001 mol) dis-
solved in 10 mL of ethanol was slowly added. The reaction
mixture was refluxed for 2 h. The reaction mixture was
poured into 50 mL of ice-cold water. The precipitate was
collected by filtration and washed with water to provide
10a–c in 61–80% yield.

5-amino-1-(4-fluorophenyl)-1H-pyrazole-4-
carbonitrile (10a)

Yield: 61%. MP: 173–174 °C. IR (cm−1): 3297–3183; 2225;
1662; 1568; 1222. 1H NMR (400MHz, DMSO-d6, TMS, δ
in p.p.m.): 7.31–7.25; (m; 2 H; H3′, H5′); 7.54–7.49; (m;
2 H; H2′, H6′); 7.67; (s; 1 H; H3). 13C NMR (100MHz,
DMSO-d6, TMS, δ in ppm): 73.2 (C4); 114.8 (CN); 116.3
(d; J= 22.8 Hz; C3′, C5′); 126.9 (d; J= 8.9 Hz; C2′, C6′);
133.7 (d; J= 2.8 Hz; C1′) 141.7 (C5); 151.4 (C3); 161.2 (d;
J= 243.6 Hz; C4′). 19F NMR (376MHz, DMSO-d6, TMS, δ
in p.p.m.): -114.26. EI [M+ 1]+ 203.07.

5-amino-1-(4-chlorophenyl)-1H-pyrazole-4-
carbonitrile (10b)

Yield: 78%. MP: 164–166 °C. IR (cm−1): 3295–3174;
2229; 1663; 1562; 828. 1H NMR (400MHz, DMSO-d6,
TMS, δ in ppm): 7.50; (d; 2 H; J= 8.9 Hz H3′, H5′); 7.55;
(d; 2 H; J= 8.9 Hz; H2’, H6′); 7.68; (s; 1 H; H3). 13C NMR
(100MHz, DMSO-d6, TMS, δ in ppm): 73.5 (C4); 114.6
(CN); 126.0 (C2′, C6′); 129.4 (C3’, C5′); 132.2 (C4′) 136.3
(C1′); 142.0 (C5); 151.4 (C3). EI [M+ 1]+ 219.07.

Scheme 1 Synthetic route used to prepare compounds 1–9
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5-amino-1-(p-tolyl)-1H-pyrazole-4-carbonitrile (10c)

Yield: 80%. MP: 147–149 °C. IR (cm−1): 3357–3314;
2214; 1660; 1564. 1H NMR (400MHz, DMSO-d6, TMS, δ
in ppm): 2.36 (s; 3 H; CH3); 6.60 (s; 2 H; NH2); 7.32; (d;
2 H; J= 8.9 Hz; H2′, H6′); 7.36; (d; 2 H; J= 8.9 Hz; H3′,
H5′); 7.75; (s; 1 H; H3). 13C NMR (100MHz, DMSO-d6,
TMS, δ in ppm): 20.6 (CH3); 73.2 (C4); 114.8 (CN); 124.1
(C2′, C6′); 129.8 (C3′, C5′); 134.9 (C4′) 137.4 (C1′); 141.4
(C5); 151.1 (C3). EI [M+ 1]+ 199.09.

General procedure for preparing 1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-ols (11a–c)

A mixture of 5-amino-1-phenyl-1H-pyrazole-4-carbonitrile
(10a–c) (0.01 mol) and 20 mL of formic acid was stirred
and allowed to reflux for 12 h. The reaction mixture was
poured into 50 mL of ice-cold water. The precipitate was
collected by filtration and washed with water to afford
11a–c in 73–89% yield.

1-(4-fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ol
(11a)

Yield: 89%. MP: > 300 °C. IR (cm−1): 3113; 1724; 1597;
1510; 1233. 1H NMR (400MHz, DMSO-d6, TMS, δ in p.p.
m.): 7.44–7.40 (m; 2 H; H3′, H5′); 8.08–8.04 (m; 2 H; H2′,
H6′); 8.21 (d; 1 H; H6; J= 3.8 Hz); 8.33 (s; 1 H; H3); 12.47
(s; 1 H; OH). 13C NMR (100MHz, DMSO-d6, TMS, δ in p.
p.m.): 107.5 (C3a); 116.1 (d; J= 22.9 Hz; C3′, C5′); 123.8
(d; J= 8.6 Hz; C2′, C6′); 134.6 (d; J= 2.7 Hz; C1′); 136.0
(C3); 148.9 (C6); 151.7 (C7a); 157.1 (C4); 160.6 (d; J=
242.8 Hz; C4′)19F NMR (376MHz, DMSO-d6, TMS, δ in
ppm): -114.88. EI [M+ 1]+ 231.07.

1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ol
(11b)

Yield: 73%. MP: > 300 °C. IR (cm−1): 3097; 1795; 1667;
1597; 824. 1H NMR (400MHz, DMSO-d6, TMS, δ in p.p.
m.): 7.66 (d; 2 H; J= 6.8 Hz; H3′, H5′); 8.13 (d; 2 H; J=
6.8 Hz; H2′, H6′); 8,22 (d; 1 H; J= 3.8 Hz; H6); 8.36 (s;
1 H; H3); 12.51 (s; 1 H; OH). 13C NMR (100MHz, DMSO-
d6, TMS, δ in ppm): 107.7 (C3a); 123.0 (C2′, C6′); 129.2
(C3′, C5′); 131.2 (C4′); 136.3 (C3); 137.1 (C1′); 149.0
(C6); 151.9 (C7a); 157.1 (C4). EI [M+ 1]+ 247.07.

1-(p-tolyl)-1H-pyrazolo[3,4-d]pyrimidin-4-ol (11c)

Yield: 80%. MP: 275–277 °C. IR (cm−1): 3094; 1667;
1589; 1510; 1397. 1H NMR (400MHz, DMSO-d6, TMS, δ
in p.p.m.): 2.37 (s; 3 H; CH3); 7.36 (d; 2 H; J= 8.4 Hz; H3’,
H5’); 7.91 (d; 2 H; J= 8.4 Hz; H2’, H6’); 8.18 (s; 1 H; H6);

8.30 (s; 1 H; H3); 12.42 (s; 1 H; OH). 13C NMR (100MHz,
DMSO-d6, TMS, δ in p.p.m.): 20.5 (CH3); 107.4 (C3a);
121.6 (C2′, C6′); 129.5 (C3′, C5′); 135.7 (C4′); 135.8 (C3);
136.5 (C1′); 148.6 (C6); 151.6 (C7a); 157.2 (C4). EI [M+
1]+ 227,07.

General procedure for preparing 4-chloro-1-phenyl-
1H-pyrazolo[3,4-d]pyrimidines (12a–c)

To 0.004 mol of derivatives 11a–c was added 10 mL of
phosphorus oxychloride. The mixture was stirred under
reflux for 24 h. Excess solvent was removed under reduced
pressure, and the resulting material was carefully added to
50 mL of crushed ice. The mixture was then basified to pH
7 with NaOH (6M aq.) and stirred for 40 min. The mixture
was diluted with water (30 mL) and extracted with chloro-
form (3 × 30 mL). The combined organic solutions were
washed with water (3 × 50 mL), dried (anhydrous sodium
sulfate), filtered, and concentrated under vacuum to provide
12a–c in 78–97% yield.

4-chloro-1-(4-fluorophenyl)-1H-pyrazolo[3,4-d]
pyrimidine (12a)

Yield: 87%. MP: 158–160 °C (dg). IR (cm−1): 3113; 1588;
1508; 1197; 838. 1H NMR (400MHz, DMSO-d6, TMS, δ
in p.p.m.): 7.50–7.45 (m; 2 H; H3′, H5′); 8.18–8.14 (m;
2 H; H2′, H6′); 8.76 (s; 1 H; H3); 8.98 (s; 1 H; H6). 13C
NMR (100MHz, DMSO-d6, TMS, δ in p.p.m.): 114.4
(C3a); 116.4 (d; J= 22.8 Hz; C3′, C5′); 123.4 (d; J=
8.6 Hz; C2′, C6′); 133.9 (C3); 134.1 (d; J= 2.8 Hz C1′);
152.4 (C7a); 154.1 (C4). 155.3 (C6); 160.6 (d; J= 243 Hz;
C4’). 19F NMR (376MHz, DMSO-d6, TMS, δ in p.p.m.):
−114.37. EI [M+ 1]+ 249.07.

4-chloro-1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]
pyrimidine (12b)

Yield: 97%. MP: 140–142°C (dg). IR (cm−1): 3110; 1698;
1541; 854; 824. 1H NMR (400MHz, DMSO-d6, TMS, δ in
p.p.m.): 7.67 (d; 2 H; J= 6.8 Hz; H3′, H5′); 8.19 (d; 2 H; J
= 6.8 Hz; H2′, H6′); 8.76 (s; 1 H; H3); 8.99 (s; 1 H; H6).
13C NMR (100MHz, DMSO-d6, TMS, δ in ppm): 114.7
(C3a); 122.4 (C2′, C6′); 129.3 (C3′, C5′); 131.3 (C4′);
134.2 (C3); 136.5 (C1′); 152.5 (C7a); 154.1 (C4). 155.4
(C6). EI [M+ 1]+ 265.07.

4-chloro-1-(p-tolyl)-1H-pyrazolo[3,4-d]pyrimidine
(12c)

Yield: 78%. MP: 128–130 °C (dg). IR (cm−1): 3094; 1677;
1539; 1351; 815. 1H NMR (400MHz, DMSO-d6, TMS, δ
in ppm): 2.39 (s; 3 H; CH3); 7.43 (d; 2 H; J= 8.4 Hz; H3′,
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H5’); 8.02 (d; 2 H; J= 8.4 Hz; H2’, H6′); 8.74 (s; 1 H; H3);
8.97 (s; 1 H; H6). 13C NMR (100MHz, DMSO-d6, TMS, δ
in ppm): 20.5 (CH3); 114.4 (C3a); 121.2 (C2′, C6′); 129.7
(C3′, C5′); 133.6 (C3); 135.3 (C4′); 136.8 (C1′); 152.3
(C7a); 154.0 (C4). 155.2 (C6). EI [M+ 1]+ 245.05.

General procedure for preparing N1-(1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)butane-1,4-diamines
(13a–c)

A solution of 0.004 mol of 4-chloro-1-phenyl-1H-pyrazolo
[3,4-d]pyrimidines (12a–c) in 40 mL of CH3CN was added
dropwise to a solution of 0.004 mol of butane-1,4-diamine in
40 mL of CH3CN. To avoid dimer formation, the reaction
mixture was stirred at 25 °C for 24 h. The progress of the
reaction was monitored using TLC (CHCl3/MeOH 9:1). The
solvent was evaporated to dryness and was added to ice-cold
water (50 mL). The precipitate was collected by filtration
and washed with water to afford 13a–c in 23–36% yield.

N1-(1-(4-fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-
4-yl)butane-1,4-diamine (13a)

Yield: 23%. MP: 178–180 °C. IR (cm−1): 3211; 2949–
2874; 1578–1507; 1207. 1H NMR (400MHz, DMSO-d6,
TMS, δ in ppm): 1.69–1.61 (m; 4 H; H9, H10); 2.77 (t; 2 H;
J= 7.0 Hz; H11); 3.54 (m; 2 H; H8); 7.41–7.37 (m; 2 H;
H3′, H5′); 8.22–8.19 (m; 2 H; H2′, H6′); 8.37 (s; 1 H; H6);
8.48 (s; 1 H; H3); 8.72 (s; 1 H; NH). 13C NMR (100MHz,
DMSO-d6, TMS, δ in p.p.m.): 26.2 (C9); 29.8 (C10); 39.7
(C8); 40.9 (C11); 101.5 (C3a); 115.8 (d; J= 22.6 Hz; C3′,
C5′); 122.4 (d; J= 8.3 Hz; C2′, C6′); 133.8 (C3); 135.2 (d;
J= 2.3 Hz; C1′); 152.5 (C7a); 156.4 (C6); 156.5 (C4);
159,8 (d; J= 241,5 Hz; C4′). 19F NMR (376MHz, DMSO-
d6, TMS, δ in p.p.m.): −116.29. HRMS (ESI) calc. for
C15H17FN6 300.1499; found [M+ 1]+ 301.1583. HPLC:
95,4%.

N1-(1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-
4-yl)butane-1,4-diamine (13b)

Yield: 35%. MP: 138–139°C. IR (cm−1): 3235–3102;
2942–2861; 1589–1499; 825. 1H NMR (400MHz, DMSO-
d6, TMS, δ in p.p.m.): 1.52–1.45 (m; 2 H; H10); 1.66–1.64
(m; 2 H; H9); 2.64 (t; 2 H; J= 6.8 Hz; H11); 3.54 (t; 2 H; J
= 6.8 Hz; H8); 7.59 (d; 2 H; J= 6.8 Hz; H3′, H5′); 8.26 (d;
2 H; J= 6.8 Hz; H2′, H6′); 8.37 (s; 1 H; H6); 8.41 (s; 1 H;
H3). 13C NMR (100MHz, DMSO-d6, TMS, δ in ppm): 26.1
(C9); 29.2 (C10); 39.7 (C8); 40.6 (C11); 101.7 (C3a); 121.7
(C2′, C6′); 129.0 (C3′, C5′); 129.9 (C4′); 134.0 (C3); 137.7
(C1′); 152.8 (C7a); 156.5 (C6); 157.3 (C4). HRMS (ESI)
calc. for C15H17ClN6 316.1203; found [M+ 1]+ 317.1278.
HPLC: 96,2%.

N1-(1-(p-tolyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)
butane-1,4-diamine (13c)

Yield: 36%. MP: 114-116 °C. IR (cm−1): 3342–3292;
2938–2870; 1599; 1312; 1162. 1H NMR (400MHz,
DMSO-d6, TMS, δ in p.p.m.): 1.48–1.48 (m; 2 H; H10);
1.68–1.60 (m; 2 H; H9); 2.36 (s; 3 H; CH3); 2.64 (t; 2 H; J
= 6.9 Hz; H11); 3.52 (t; 2 H; J= 6.9 Hz; H8); 7.34 (d; 2 H;
J= 8.2 Hz; H3’, H5’); 8.05 (d; 2 H; J= 8.2 Hz; H2’, H6’);
8.34 (s; 1 H; H6); 8.36 (s; 1 H; H3). 13C NMR (100MHz,
DMSO-d6, TMS, δ in p.p.m.): 20.4 (CH3); 26.2 (C9); 30.5
(C10); 39.8 (C8); 41.2 (C11); 101.5 (C3a); 120.4 (C2′,
C6′); 129.3 (C3′, C5′); 133.2 (C3); 135.2 (C4′); 136.5
(C1′); 152.4 (C7a); 156.3 (C6); 156.4 (C4). HRMS (ESI)
calc. for C16H20N6 296.1749; found [M+ 1]+ 297.1832.
HPLC: 96,2%.

General procedure for preparing N-(4-((1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)amino)butyl)
benzenesulfonamides (1–9)

The amines (13a–c) (0.001 mol) were treated with the
appropriate sulfonyl chloride (0.0045 mol) in 10 mL of
DMF as the solvent and TEA (1 eq.). The reaction mixture
was maintained under stirring at 90 °C for 24 h. The pro-
gress of the reaction was monitored using TLC (CHCl3/
MeOH 9:1), and the reaction mixture was poured into ice-
cold water (50 mL). The precipitate was filtered and dried.
The residual crude product was purified via silica gel col-
umn chromatography using a gradient mixture of CHCl3/
MeOH. Compounds 1–9 were obtained as white solids in
25–79% yield.

4-fluoro-N-(4-((1-(4-fluorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)amino)butyl)benzenesulfonamide
(1)

Yield: 38%. MP: 119 °C. IR (cm−1): 3275–3217;
1510–1414; 1316; 1153; 1075. 1H NMR (400MHz,
DMSO-d6, TMS, δ in p.p.m.): 1.50–1.42 (m; 2 H; H10);
1.63–1.56 (m; 2 H; H9); 2.79 (t; 2 H; J= 6.8 Hz; H11); 3.47
(s; 2 H; H8); 7.42–7.37 (m; 4 H; H3′, H5′, H3′′, H5′′); 7.69
(s; 1 H; SO2NH); 7.85–7.81 (m; 2 H, H2′′, H6′′); 8.23–8.18
(m; 2 H; H2′, H6′); 8.34 (s; 1 H; H6); 8.38 (s; 1 H; H3);
8.51 (s; 1 H; NH). 13C NMR (100MHz, DMSO-d6, TMS, δ
in p.p.m.): 25.8 (C9); 26.4 (C10); 39.3 (C8); 42.2 (C11);
101.5 (C3a); 115.8 (d; J= 22.6 Hz; C3′, C5′); 116.1 (d; J
= 22.5 Hz; C3′′, C5′′); 122.4 (d; J= 8.3 Hz; C2′, C6′);
129.3 (d; J= 9.4 Hz; C2′′, C6′′); 133.6 (C3); 135.2 (d; J=
2.7 Hz; C1′); 136.8 (d; J= 2.8 Hz; C1′′); 152.5 (C7a);
156.4 (C4); 156.5 (C6); 159.8 (d; J= 241.5 Hz; C4′); 163.8
(d; J= 249.0; C4′′). 19F NMR (376MHz, DMSO-d6, TMS,
δ in p,p,m,): −107.34; −116.30. HRMS (ESI) calc. for
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C21H20F2N6O2S 458.1337, found [M+ 1]+ 459.1420.
HPLC: 89.4%.

4-chloro-N-(4-((1-(4-fluorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)amino)butyl)benzenesulfonamide
(2)

Yield: 49%. MP: 174–175 °C. IR (cm−1): 3360–3118;
1512–1475; 1318; 1220; 1092; 843. 1H NMR (400MHz,
DMSO-d6, TMS, δ in ppm): 1.50–1.43 (m; 2 H; H10);
1.61–1.56 (m; 2 H; H9); 2.83–2.78 (m; 2 H; H11);
3.50–3.45 (m; 2 H; H8); 7.39 (t; 2 H; J= 8.8 Hz; H3′, H5′);
7.64 (d; 2 H; J= 8.5 Hz; H3′′, H5′′) 7.73 (t; 1 H; J= 5.6 Hz
SO2NH); 7.78 (d; 2 H, J= 8.5 Hz; H2′′, H6′′); 8.22–8.19
(m; 2 H; H2′, H6′); 8.35 (s; 1 H; H6); 8.37 (s; 1 H; H3);
8.47 (s; 1 H; NH). 13C NMR (100MHz, DMSO-d6, TMS, δ
in ppm): 25.8 (C9); 26.4 (C10); 39.3 (C8); 42.1 (C11);
101.5 (C3a); 115.8 (d; J= 22.6 Hz; C3′, C5′); 122.4 (d; J
= 8.3 Hz; C2′, C6′); 128.2 (C2′′, C6′′); 129.2 (C3′′, C5′′);
133.6 (C3); 135.2 (C1′); 137.0 (C4′′); 139.3 (C1′′); 152.4
(C7a); 156.2 (C4); 156.3 (C6); 159.8 (d; J= 241.5 Hz;
C4′). 19F NMR (376MHz, DMSO-d6, TMS, δ in p.p.m.):
−116.23. HRMS (ESI) calc. for C21H20ClFN6O2S
474.1041, found [M+ 1]+ 475.0600. HPLC: 89.0%.

N-(4-((1-(4-fluorophenyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)-4-
methylbenzenesulfonamide (3)

Yield: 40%. MP: 105–107 °C. IR (cm−1): 3370–3065;
1510–1427; 1318; 1216. 1H NMR (400MHz, DMSO-d6,
TMS, δ in p.p.m.): 1.49–1.42 (m; 2 H; H10); 1.62–1.55 (m;
2 H; H9); 2.75 (t; 2 H; J= 6.8 Hz; H11); 3.49–3.44 (m; 2 H;
H8); 7.41–7.34 (m; 4 H; H3′, H5′, H3′′, H5′′); 7.54 (s; 1 H;
SO2NH); 7.65 (d; 2 H, J= 8.5 Hz; H2′′, H6′′); 8.22–8.19
(m; 2 H; H2′, H6′); 8.34 (s; 1 H; H6); 8.39 (s; 1 H; H3);
8.51 (s; 1 H; NH). 13C NMR (100MHz, DMSO-d6, TMS, δ
in p.p.m.): 25.8 (C9); 26.4 (C10); 39.3 (C8); 42.1 (C11);
101.5 (C3a); 115.8 (d; J= 22.6 Hz; C3′, C5′); 122.4 (d; J
= 8.3 Hz; C2′, C6′); 126.3 (C2′′, C6′′); 129.4 (C3′′, C5′′);
133.6 (C3); 135.2 (C1′); 137.5 (C4′′); 142.3 (C1′′); 152.5
(C7a); 156.4 (C4); 156,5 (C6); 159,8 (d; J= 241,5 Hz; C4′)
19F NMR (376MHz, DMSO-d6, TMS, δ in p.p.m.):
−116.31. HRMS (ESI) calc. for C22H23FN6O2S 454.1587,
found [M+ 1]+ 455.1664. HPLC: 95.2%.

N-(4-((1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)-4-
fluorobenzenesulfonamide (4)

Yield: 45%. MP: 202 °C. IR (cm−1): 3089–2952;
1599–1492; 1148; 1090; 826. 1H NMR (400MHz, DMSO-

d6, TMS, δ in p.p.m.): 1.53–1.47 (m; 2 H; H10); 1.65–1.60
(m; 2 H; H9); 2.82–2.77 (m; 2 H; H11); 3.55–3.51 (m; 2 H;
H8); 7.40 (t; 2 H; J= 8.5 Hz; H3′′, H5′′); 7.44 (s; 1 H; J=
5.6 Hz; SO2NH); 7.64 (d; 2 H; J= 8.8 Hz; H3’, H5′);
7.86–7.83 (m; 2 H, H2′′, H6′′); 8.19 (d; 2 H; J= 8.8 Hz;
H2′, H6′); 8.42 (s; 1 H; H6); 8.67 (s; 1 H; H3); 9.66 (s; 1 H;
NH). 13C NMR (100MHz, DMSO-d6, TMS, δ in p.p.m.):
25.4 (C9); 26.2 (C10); 40.4 (C8); 42.1 (C11); 101.6 (C3a);
116.1 (d; J= 22.5 Hz; C3′′, C5′′); 122.4 (C2′, C6′); 129.1
(C3′, C5′); 129.3 (d; J= 9.4 Hz; C2′′, C6′′); 130.7 (C4′);
135.2 (C3); 137.0 (C1′); 136.8 (d; J= 2.8 Hz; C1′′); 151.5
(C7a); 152.8 (C6); 153.4 (C4); 163.8 (d; J= 249.0; C4′′).
19F NMR (376MHz, DMSO-d6, TMS, δ in p.p.m.):
-107.24. HRMS (ESI) calc. for C21H20ClFN6O2S 474.1041,
found [M+ 1]+ 475.1112. HPLC: 97.1%.

4-chloro-N-(4-((1-(4-chlorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)amino)butyl)benzenesulfonamide
(5)

Yield: 30%. MP: 233 °C. IR (cm−1): 3223–3094;
1582–1498; 1327–1238; 1090; 825. 1H NMR (400MHz.
DMSO-d6. TMS. δ in p.p.m.): 1.48–1.44 (m; 2 H; H10);
1.61–1.57 (m; 2 H; H9); 2.82–2.77 (m; 2 H; H11);
3.49–3.45 (m; 2 H; H8); 7.64–7.60 (m; 4 H; H3′, H5′; H3”,
H5′′); 7.73 (t; 1 H; J= 5.6 Hz; SO2NH); 7.77 (d; 2 H; J=
8.5 Hz; H2′′, H6′′); 8.27 (d; 2 H; J= 8.8 Hz; H2′, H6’);
8.36 (s; 1 H; H6); 8.41 (s; 1 H; H3); 8.50 (t; 1 H; J= 5.2 Hz;
NH). 13C NMR (100MHz, DMSO-d6, TMS, δ in p.p.m.):
25.8 (C9); 26.4 (C10); 39.3 (C8); 42.1 (C11); 101.7 (C3a);
121.7 (C2′, C6′); 128.2 (C2′′, C6′′); 129.0 (C3′, C5′), 129.1
(C3′′, C5′′); 129.9 (C4′); 134.0 (C3); 137.0 (C4′′); 137.7
(C1′); 139.3 (C1′′); 152.8 (C7a); 156.4 (C4); 156.5 (C6).
HRMS (ESI) calc. for C21H20Cl2N6O2S 490.0746, found
[M+ 1]+ 491.0833. HPLC: 93.5%.

N-(4-((1-(4-chlorophenyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)-4-
methylbenzenesulfonamide (6)

Yield: 33%. MP: 190 °C. IR (cm−1): 3383–3263;
1563–1499; 1374; 1305–1290; 1089; 833. 1H NMR
(400MHz, DMSO-d6, TMS, δ in ppm): 1.49–1.42 (m; 2 H;
H10); 1.61–1.55 (m; 2 H; H9); 2.75 (t; 2 H; J= 6.8 Hz;
H11); 3.49–3.44 (m; 2 H; H8); 7.35 (d; 2 H; J= 8.5 Hz; H3′
′, H5′′); 7.55 (s; 1 H; SO2NH); 7.61 (d; 2 H; J= 8.8 Hz;
H3′, H5′); 7.65 (d; 2 H, J= 8.5 Hz; H2′′, H6′′); 8.27 (d;
2 H; J= 8.8 Hz; H2′, H6′); 8.36 (s; 1 H; H6); 8.42 (s; 1 H;
H3); 8.54 (t; 1 H; J= 5.2 Hz; NH). 13C NMR (100MHz,
DMSO-d6, TMS, δ in p.p.m.): 20.7 (CH3); 25.8 (C9); 26.4
(C10); 39.3 (C8); 42.1 (C11); 101.7 (C3a); 121.7 (C2′′,
C6′); 126.3 (C2′′, C6′′); 129.0 (C3′, C5′); 129.4 (C3′′, C5′
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′); 129.9 (C4′); 134.0 (C3); 137.5 (C1′); 137.7 (C4′′); 142.3
(C1′′); 152.8 (C7a); 156.4 (C4); 156.5 (C6). HRMS (ESI)
calc. for C22H23ClN6O2S 470.1292, found [M+ 1]+

471.1375. HPLC: 89.1%.

4-fluoro-N-(4-((1-(p-tolyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)benzenesulfonamide (7)

Yield: 71%. MP: 211–212 °C. IR (cm−1): 3295–3277;
1511–1492; 1434; 1321–1289; 1220; 1074. 1H NMR
(400MHz, DMSO-d6, TMS, δ in p.p.m.): 1.53–1.45 (m;
2 H; H10); 1.67–1.60 (m; 2 H; H9); 2.38 (s; 3 H; CH3); 2.80
(q; 2 H; J= 6.7 Hz; H11); 3.49 (q; 2 H; J= 6.7 Hz; H8);
7.44–7.38 (m; 4 H; H3′–H5′, H3′′–H5′′); 7.69 (t; 1 H; J=
5.8 Hz; SO2NH); 7.87–7.83 (m; 2 H; H2′′–H6′′); 7.94 (d;
2 H; J= 8.4 Hz; H2′–H6′); 8.47 (s; 1 H; H6); 8.52 (s; 1 H;
H3). 13C NMR (100MHz, DMSO-d6, TMS, δ in ppm): 20.4
(CH3); 25.2 (C9); 26.3 (C10); 40.7 (C8); 42.0 (C11); 101.2
(C3a); 116.2 (d; J= 22.5 Hz; C3′′, C5′′); 121.3 (C2′, C6′);
129.3 (d; J= 9.3 Hz; C2′′, C6′′); 129.6 (C3′, C5′); 134.5
(C3); 135.5 (C4′); 136.6 (C1′); 136.8 (d; J= 2.9 Hz; C1′′);
150.5 (C7a); 151.0 (C6); 152.5 (C4); 163.9 (d; J=
249.1 Hz; C4′′) 19F NMR (376MHz, DMSO-d6, TMS, δ in
p.p.m.): −107.15. HRMS (ESI) calc. for C22H23FN6O2S
454.1587, found [M+ 1]+ 455.1676. HPLC: 99.6%.

4-chloro-N-(4-((1-(p-tolyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)benzenesulfonamide (8)

Yield: 79%. MP: 231–233 °C. IR (cm−1): 3295–3276;
1587–1491; 1320–1215; 1086; 814. 1H NMR (400MHz,
DMSO-d6, TMS, δ in ppm): 1.53–1.45 (m; 2 H; H10);
1.67–1.60 (m; 2 H; H9); 2.81 (q; 2 H; J= 6.7 Hz; H11);
3.49 (q; 2 H; J= 6.7 Hz; H8); 7.61 (d; 2 H; J= 9.0 Hz; H3′
′–H5′′); 7.65 (d; 2 H; J= 8.4 Hz; H3′–H5); 7.75 (t; 1 H; J
= 5.8 Hz; SO2NH); 7.81 (d; 2 H; J= 9.0 Hz; H2′′–H6′′);
7.94 (d; 2 H; J= 8.4 Hz; H2′–H6′); 8.46 (s; 1 H; H6); 8.51
(s; 1 H; H3). 13C NMR (100MHz, DMSO-d6, TMS, δ in p.
p.m.): 20.4 (CH3); 25.2 (C9); 26.3 (C10); 40.6 (C8); 42.0
(C11); 101.2 (C3a); 121.3 (C2′, C6′); 128.2 (C2′′, C6′′);
129.2 (C3′, C5′); 129.5 (C3′′, C5′′); 134.4 (C3); 135.5
(C4′); 136.5 (C1′); 137.0 (C4′′); 139.2 (C1′′), 150.6 (C7a);
151.2 (C6); 152.6 (C4). HRMS (ESI) calc. for
C22H23ClN6O2S 470.1292, found [M+ 1]+ 471.1375.
HPLC: 99.6%.

4-methyl-N-(4-((1-(p-tolyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)amino)butyl)benzenesulfonamide (9)

Yield: 25%. MP: 213–215 °C. IR (cm−1): 3371–3274;
1034; 1560–1512; 1305–1213; 1437; 1356. 1H NMR
(400MHz, DMSO-d6, TMS, δ in p.p.m.): 1.49–1.41 (m;
2 H; H10); 1.62–1.55 (m; 2 H; H9); 2.34 (s; 3 H; CH3′′);

2.36 (s; 3 H; CH3’); 2.75 (t; 2 H; J= 6.8 Hz; H11);
3.48–3.44 (m; 2 H; H8); 7.35–7.33 (m; 4 H; H3′, H5′, H3′′,
H5′′); 7.53 (s; 1 H; SO2NH); 7.64 (d; 2 H, J= 8.5 Hz; H2′′,
H6′′); 8.05 (d; 2 H; J= 8.8 Hz; H2′, H6′); 8.33 (s; 1 H; H6);
8.35 (s; 1 H; H3); 8.41 (t; 1 H; J= 5.2 Hz; NH). 13C NMR
(100MHz, DMSO-d6, TMS, δ in p.p.m.): 20.4 (CH3′); 20.7
(CH3′′); 25.9 (C9); 26.4 (C10); 39.3 (C8); 42.1 (C11);
101.5 (C3a); 120.4 (C2′, C6’′; 126.3 (C2′′, C6′′); 129.0
(C3′, C5′); 129.4 (C3′′, C5′′); 135.2 (C4′); 133.2 (C3);
137.5 (C4′′); 142.3 (C1′′); 136.5 (C1′); 152.4 (C7a); 156.3
(C6); 156.4 (C4). HRMS (ESI) calc. for C23H26N6O2S
450.1838, found [M+ 1]+ 451.1928. HPLC: 94.3%.

Biological evaluation

Continuous cultures of P. falciparum-infected
erythrocytes and in vitro assays

The cultivation of the P. falciparum W2 strain (chloroquine
resistant) was performed according to the protocol of Trager
& Jensen using human erythrocytes (A+) in RPMI 1640
medium supplemented with human serum (Trager and
Jensen 1976). Parasites were synchronized with sorbitol to
obtain the young (ring) parasite forms (Lambros and Van-
derberg 1979). Parasitemia was adjusted to 0.05%; and
hematocrit, to 1.5%. Subsequently, cultures were placed in
microplates together with the drugs to be tested in serial
dilutions (50 – 0.78 µM) along with positive (chloroquine
and sulfadoxine) and negative (no drug) controls and were
incubated for 72 h. The microplates were then subjected to
three cycles of freezing and thawing, and parasite growth
was measured through quantification of histidine-rich pro-
tein II (HRPII) using specific monoclonal antibodies in
sandwich ELISA (Silva et al. 2016; Noedl et al. 2002).
Absorbance values were read at 450 nm using a SpectraMax
190 spectrophotometer, and IC50 determinations were per-
formed using dose–response curves with a nonlinear
regression function (Origin software, OriginLab Corpora-
tion, Northampton, MA, USA).

Cell cultures and cytotoxicity tests

BGM cells were cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS) at a con-
centration of 5 × 103 cells per milliliter. Cells were added
together with the test compounds in serial dilution. The
microplates were incubated for 24 h at 37 °C. Subsequently,
MTT salt at a concentration of 3 mg/mL was added after
3 h, the supernatant was removed, and the dye present on
the bottom of the plate wells was dissolved in DMSO in a
volume of 100 µL/well. The microplates were then read
using a SpectraMax 190 spectrophotometer with a 570-nm
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filter (Denizot and Lang 1986). MLD50 determinations were
performed using dose–response curves with a nonlinear
regression function (Origin software, OriginLab Corpora-
tion, Northampton, MA, USA). Selectivity index (SI) was
defined as the ratio of the MLD50 to the IC50 values of the
active compounds (Denizot and Lang 1986).

Results and discussion

The nine derivatives of 1-phenyl-1H-pyrazolo[3,4-d]pyr-
imidine (1–9) that were synthesized with different sub-
stituents at the 4-position of the phenyl group and the
benzenesulfonamide moiety were tested for their efficacy
against the W2 chloroquine- and sulfadoxine-resistant P.
falciparum clone and for cytotoxicity (Table 1).

The values are summarized in Table 1. Sulfonamides 1–
4, 7, 9 and amines 13a–c showed in vitro growth inhibitory
activity against the W2 chloroquine-resistant P. falciparum
clone with IC50 values ranging from 5.13 to 43.40 µM in the
anti-HPR2 assay and low toxicity to BGM cells.

Among the 1H-pyrazolo[3,4-d]pyrimidine derivatives
(1–9), the best performance was observed for compound 3
(R1= F / R2= CH3), which had an IC50 value of 5.13 µM. It
is interesting to note that in the previous works by our group
(Pinheiro et al. 2015; Silva et al. 2016), the compounds with
R= CH3 at the 4-position of the benzenesulfonamide
moiety were among the more potent.

Compound 9 (R1= CH3 / R2=CH3) exhibited an IC50

value of 12.22 µM, which, along with the value of

compound 3, was below that of the control drug sulfadoxine
(IC50= 15.00 µM). The two compounds also showed better
SI values of 62.90 and 55.31. In addition, based on the
activity values, intermediate 13b (R1= Cl), with an IC50

value of 13.15 µM and the highest SI value of 76.04,
exhibited greater potency than sulfonamides 1, 2, 4 and 7.
The 1H-pyrazolo[3,4-d]pyrimidine derivatives were not
more active than the control drug chloroquine (IC50= 0.55
µM) or the quinoline prototype I (IC50= 0.09 µM).

However, the 1H-pyrazolo[3,4-d]pyrimidine system is
promising as a prototype for further studies of antimalarials,
as all compounds of the series except derivative 4 had IS
values (23.80 - 76.04) higher than sulfadoxine (SI= 20.70).

Conclusions

Among the 1-phenyl-1H-pyrazolo[3,4-d]pyrimidines (1–9)
synthesized with different substituents at the 4-position of
the phenyl group and benzenesulfonamide moiety, six
compounds exhibited anti-P. falciparum activity in vitro
against chloroquine-resistant parasites, and none of those
were toxic to BGM cells. The quinoline prototype I is still
more potent than the 1-phenyl-1H-pyrazolo[3,4-d]pyr-
imidine derivatives. However, this study shows that three
compounds, 3, 9, and 13b, presented IC50 values of 5.13,
12.22 and 13.15 µM, respectively, which were lower than
that of the control drug sulfadoxine (IC50= 15.00 µM) in
the anti-HRPII assay. In addition, the compounds in this
series (except derivative 4) have higher SI values than

Table 1 In vitro growth inhibitory activity against P. falciparum parasites (W2 clone) resistant to chloroquine, cytotoxicity tests in the BGM
normal monkey kidney cell line and the selectivity index (SI) values of compounds 1–9 and 13a–c, chloroquine and sulfadoxine

Compounds Anti-P. falciparum activity IC50 (µM) Cytotoxicity to BGM cells MLD50 (µM) SI

1 R1= F / R2= F 28.20 ± 9.20 260 9.21

2 R1= F / R2= Cl 21.15 ± 0.45 928 43.87

3 R1= F / R2= CH3 5.13 ± 1.86 323 62.90

4 R1=Cl / R2= F 43.40 ± 3.80 551 12.69

5 R1=Cl / R2= Cl a ND ND

6 R1=Cl / R2= CH3 a ND ND

7 R1=CH3 / R2= F 42.12 ± 0.32 >1000 >23.80

8 R1=CH3 / R2= Cl a ND ND

9 R1=CH3 / R2= CH3 12.22 ± 0.02 676 55.31

13a R1= F 21.63 ± 9.43 >1000 >46.23

13b R1=Cl 13.15 ± 0.25 >1000 >76.04

13c R1=CH3 18.19 ± 2.99 >1000 >54.96

chloroquine 0.55 385.00 700.00

sulfadoxine 15.00 310.00 20.70

IC50inhibitory concentration for 50% of parasite growth, evaluated in three different experiments for each test (±standard deviation (SD)). Inactive

Minimal lethal dose for 50% of cells (MLD50), used to calculate the selectivity index (SI) [MLD50 / IC50]

ND not determine
aIC50 > 50 µM
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sulfadoxine. It is possible to conclude that the 1H-pyrazolo
[3,4-d]pyrimidine system is promising as a prototype for
further studies of antimalarial candidates with the objective
of overcoming the burden of resistance in P. falciparum.
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