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ABSTRACT
A new series of seven Mannich bases of tetraoxane-phenol conjugate as possible 
antimalarial compounds were synthesized and evaluated in vitro for their antimalarial 
activity. All the synthesized compounds exhibited good antimalarial activity against the 
CQ-sensitive strain (RKL-2) of P. falciparum. Compounds with 3-indolyl and phenolic 
substituent’s showed considerably superior activity than rest of the synthesized tetraoxane 
derivatives in the series, with IC50 values 8.19 µg/ml and 5.30 µg/ml, respectively. The 
activity was, however, less than that of the standard reference drug, CQ (IC50 0.04 
µg/ml). Three selected compounds were also screened for the activity against a CQ-
resistant strain (RKL-9) of P. falciparum, which was also found good with IC50 values 
41.77 µg/ml, 39.87 µg/ml and 34.59 µg/ml for compounds having phenyl, furan-2-yl and 
4-pyridyl substituent’s, respectively in the Mannich base component of the conjugated 
tetraoxane-phenol scaffold. The activity against CQ-sensitive strain of P. falciparum was 
better as compared to the activity seen against resistant strain. Results clearly indicate 
that Mannich bases of tetraoxane-phenol conjugate with bulky aromatic/heteroaromatic 
groups possess antimalarial potential both against CQ-sensitive and –resistant strains of 
P. falciparum.
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INTRODUCTION
Malaria continues to be one of  the most 
lethal parasitic diseases worldwide, which 
affects approximately 207 million people 
resulting in 6, 27,000 deaths per year globally,  
particularly in the tropical and sub-tropical 
regions of  the world.1 The disease is caused 
by four protozoan parasite species of  the 
genus Plasmodium; namely, P. vivax, P. malariae,  
P. ovale and P. falciparum. P. falciparum being 
the most pernicious species is attributed to 
be the cause of  a majority of  malaria related 
morbidity and mortality in the malaria 
endemic regions of  the world.2,3 Since last  
two decades, the clinical usefulness of  chlo-
roquine (CQ) and other related quinoline-
based antimalarial drugs has been seriously 
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resistance of  malaria parasites, especially,  
P. falciparum.4,5 The rapid spread of  resistance 
of  P. falciparum towards currently available 
drugs including artemisinin (ART) and its 
semi-synthetic endoperoxide has therefore 
become a major concern of  public health 
in the developing world.6 The above issue 
could be addressed with the discovery and 
development of  novel antimalarial agents 
that would effectively fight against resistant 
malaria strain. 
Structure-activity relationship studies on 
ART and its semi-synthetic derivatives such 
as artemether and artesaunate revealed that 
the peroxide linkage (i.e., endoperoxide  
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group) is an integral structural part (called as pharmaco-
phore) for their antimalarial activity. The endoperoxide 
group after cleavage in presence of  heme (Fe2) in the  
parasite generate cytotoxic free radicals which eventually  
render parasite to die (Figure 1).7 ART based drugs which 
are available in the market are considerably more expen-
sive, not readily available and having poor pharmacoki-
netic properties.8 Tetraoxanes are known to be a newer 
class of  synthetic endoperoxide that are based on the 
structural framework of  ART. It is attributed that tetra-
oxanes have similar mode of  action to that of  naturally 
occurring ART and other endoperoxide.9,10 Therefore, 
the design of  newer tetraoxane-based endoperoxide  
could be an attractive strategy in the development 
of  novel antimalarial agents with improved bioactivity 
features, particularly in terms of  targeting the malaria 
parasite with resistant preventing property.
In this paper, some newer Mannich base derivatives  
of  the tetraoxane endoperoxide scaffold have been pro-
posed to be synthesized for the evaluation of  their anti-
malarial activity. The rationale behind the incorporation 
of  Mannich structural substitution in the tetraoxane-
phenol conjugate is to preclude the known toxicological 
effects already associated with available quinoline-based 
drugs, while retaining the ability to inhibit heme detoxi-
fication mechanism (hemozoin formation).11 Further-
more, Mannich base phenol conjugated with the core 
pharmacophoric tetraoxane ring system may offer a 
novel structural motif  for the development of  newer 
antimalarial agents for the treatment of  resistant malaria.

MATERIALS AND METHODS
Chemicals and Analysis
All chemicals used in the study were procured either 
from Sisco Research Laboratories or from Spectrochem 
Pvt. Ltd., India, and were used without further purification.  
The melting points of  the synthesized compounds were  
determined by using Veego-MPI melting point apparatus.  
The progress of  reactions was monitored on silica 
gel-G TLC plate using various solvent combinations. 
The spots were detected with iodine vapours followed 
by observing under UV-light (at 254 nm). The UV–
visible spectra of  the synthesized compounds were 
recorded on a UV–visible spectrophotometer (Shimadzu 
UV-1800). Infrared spectra were recorded on an FT-IR 
Perkin-Elmer spectrometer. The 1H and 13C NMR spectra 
were recorded at 400 MHz and 100 MHz, respectively, 
on a Bruker Avance-II 400 NMR spectrometer using 
DMSO-d6 as a solvent with tetramethylsilane (TMS) as 
an internal standard.

General Procedure of Synthesis11-14

Step-1: Synthesis of  phenyl gem-dihydroperoxide (2): 
4-Hydroxyacetophenone (1 ml, 10 mmol) was dissolved  
in a mixture of  CH2Cl2/CH3CN (20 ml, 1:3 v/v)  
followed by the addition of  30% H2O2 (10.4 ml, 0.1 mol) 
and 3 ml of  conc. HCl. The reaction mixture was stirred 
at room temperature for 2 h, and then quenched with 
saturated solution of  aqueous NaHCO3 and CH2Cl2. 
The organic layer was separated out, and the aqueous 
layer was filtered and dried.
Step-2: Synthesis of  phenyl tetraoxanes (4): The desired 
heteroaryl aldehyde (0.36 g, 2.3 mmol) was added to 
an ice-cooled solution of  phenyl gem-dihydroperoxide 
(0.34 g, 2.3 mmol) in CH2Cl2 (20 ml). The mixture was 
stirred at room temperature for 30 min, followed by the 
drop wise addition of  an ice-cooled mixture of  H2SO4/
CH3CN (1.66 ml, 1:10, v/v). After an additional 50 min  
of  stirring, the reaction mixture was dried at room 
temperature.
Step-3: Synthesis of  target Mannich base tetraoxane 
derivatives (5a-g): The phenol tetraoxane (0.05 mol) 
was subjected to Mannich reaction with a secondary 
amine (0.1 mol) and aqueous formaldehyde (0.1 mol) in  
the presence of  ethanol as solvent. After 16 h of  reflux-
ing at 78-80ºC the solvent was removed under reduced 
pressure and the residue was dissolved in approximately 
50 ml of  CH2Cl2. The organic solution was extracted 
with dil. hydrochloric acid (0.1 M, 2х75 ml) and then the 
solution was basified (pH 9-10) and again extracted with 
dichloromethane (3×75 ml). The combined organic 
extract was washed with water (1×100 ml) and dried 
using anhydrous sodium sulphate and then solvent was 
evaporated under reduced pressure to yield the final 
product. The crude compound was recrystallized with 
from ethanol.

Antimalarial Activity Evaluation
All the synthesized compounds were screened for in vitro 
antimalarial activity against a CQ-sensitive strain (RKL-2,  
Rourkela, Odisha, India) of  P. falciparum (Pf). Additionally,  
three selected compounds were also screened for the 
activity against a CQ-resistant strain (RKL-9, Rourkela, 
Odisha, India) of  P. falciparum. The antimalarial activity  
screening was carried out by Giemsa stained slide.
The laboratory adapted strain of  Pf  was routinely  
cultured in vitro at 37ºC temperature and 5% CO2 envi-
ronment in RPMI-1640 medium supplemented with  
25 mM HEPES, 1% D-glucose, 0.23% sodium bicar-
bonate, gentamycin (40 mg/ml), amphotericin-B 
(0.25 mg/ml) and 10% heat inactivated human serum. 
For antimalarial testing, the asynchronous parasites of  
Pf were synchronized by 5% D-sorbitol treatment to  
obtain only the ring stage parasitized cells. For carrying  
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out the assay, the initial ring stage parasitaemia of  0.8–1.5%  
in 3% haematocrit in a total volume of  100 ml using 
RPMI-1640 medium was uniformly maintained. A stock 
solution (1 mg/ml) of  the test compound was prepared 
in DMSO and subsequent dilutions were made with 
the incomplete RPMI culture medium. 100 µl of  the  
test compound at 0.1 mg/ml concentration (in triplicate)  
was incubated with parasitized cell preparation at 37ºC 
and 5% CO2 in a CO2 incubator. After an incubation 
period of  36–40 h, blood smears were prepared from 
each well and stained with 3% Giemsa stain. The slides 
were observed under the light microscope and the 
percentage dead rings+trophozoites were calculated  
against 200 asexual parasites with respect to the control  
group. Chloroquine (0.1 mg/ml) was used as the stan-
dard reference drug.15,16 Test results were compared 
with the standard result of  CQ. Each test compound  
was assayed in three replicates and counted against 
200 asexual parasites (% dead rings+trophozoites) 
per replicate. The percentage of  inhibition of  parasite 
growth (antimalarial activity) was obtained as mean of  
triplicate studies. The minimum inhibitory concentra-
tion (MIC) and IC50 values (in µg/ml) were calculated 
using the NonLin V1.1 software. 

RESULTS AND DISCUSSION

Chemistry
The synthesis of  target tetraoxane derivatives involved 
a three-step simple organic reaction (Figure 2) in which 
the phenyl carbonyl compound (4-hydroxyacetophe-
none) was initially converted into a phenyl gem-dihydro-
peroxide, which at the later stage of  reaction reacted  
with the required aromatic aldehyde to obtain the 
corresponding phenol-tetraoxane derivatives. Finally, 
phenol-tetraoxane conjugates upon Mannich conden-
sation yielded target molecules in which conjugated 
phenol-tetraoxane system is appended with structurally 
diverse aromatic and/or heteroaromatic Mannich base  
substituents. The physicochemical details of  the synthe-
sized compounds, 5a-g is presented in Table 1. The 
spectral data (FT-IR, 1H NMR & 13C NMR) are depicted 
as follows:
2-((Ethyl(phenyl)amino)methyl)-4-(3-methyl-6-phenyl-1,2,4,5-
tetraoxan-3-yl)phenol (5a): UV (λmax, in nm, CH2Cl2): 
303.80; FT-IR (νmax, in cm-1, Film): 3394.51 (-OH str.), 
2968, 2869.45 (C-H str., methyl group), 1512.50 (C=C 
str., Ar. ring), 1255.99 (C-O str.), 1104.81 (C-N str.); 1H 
NMR (400 MHz, δ in ppm, DMSO-d6): 1.83 (s,  3H, 
CH3), 4.22 (s, 2H, -CH2-), 5.21 (s, 1H, OH), 6.41 (s, 1H, 
-CH-, tetraoxane), 7.41 (m, 5H, phenyl ring), 7.65 (m, 
5H, phenyl ring), 7.84 (m, 5H, phenyl ring); 13C NMR 

(100 MHz, δ in ppm, DMSO-d6): 15.33, 21.45, 42.95, 
51.13, 63.58, 79.38, 117.52, 118.89,119.27, 123.29, 
128.98, 130.56, 132.38, 156.28.
2-((Ethyl(phenyl)amino)methyl)-4-(6-(furan-2-yl)-3-methyl-
1,2,4,5-tetraoxan-3-yl)phenol (5b): UV (λmax, in nm, 
CH2Cl2): 306.40; FT-IR (νmax, in cm-1, Film): 3393.98 
(-OH str.), 2870.62, 2925.00 (C-H str., methyl group), 
1512.04 (C=C str., Ar. ring), 1252.40 (C-O str.), 1145.13 
(R-O-R, cyclic ether), 1101.08 (C-N str.); 1H NMR (400 
MHz, δ in ppm, DMSO-d6): 1.07 (s, 3H, -CH3), 1.82 
(s, 3H, -CH3), 4.52 (s, 2H, -CH2-), 5.40 (s, 1H, -OH), 
7.40-7.83 (m, 5H, phenyl ring); 13C NMR (100 MHz,  δ 
in ppm, DMSO-d6): 14.92, 21.02, 42.70, 50.84, 63.23, 
78.84, 117.45, 118.51, 122.81, 123.98, 126.14, 128.63, 
129.56, 130.21,131.62,155.88.
2-((Ethyl(phenyl)amino)methyl)-4-(3-methyl-6-(thiophen-2-yl)- 
1,2,4,5-tetraoxan-3-yl)phenol (5c): UV (λmax, in nm, 
CH2Cl2): 302.40; FT-IR (νmax, in cm-1, Film): 3393.03 
(-OH str.), 2871.37, 2968.09 (C-H str., methyl group), 
1512.40 (C=C str., Ar. ring), 1254.05 (C-O str.), 802.13 
(C-S str.); 1H NMR (400 MHz, δ in ppm, DMSO-d6): 
1.72 (s, 3H, -CH3), 2.33(s, 3H, -CH3), 5.45 (s, 1H, -OH), 
7.91-8.00 (m, 5H, phenyl ring); 13C NMR (100 MHz,  δ 
in ppm, DMSO-d6): δ 38.69, 39.31, 39.73, 39.94, 52.68, 
66.13, 78.40, 78.61.
2-((Ethyl(phenyl)amino)methyl)-4-(3-methyl-6-(pyridin-2-yl)- 
1,2,4,5-tetraoxan-3-yl)phenol (5d): UV (λmax, in nm, 
CH2Cl2): 263.40; FT-IR (νmax, in cm-1, Film) 3524.56 
(-OH str.), 2868.84, 2970.72 (C-H str., methyl group), 
1513.40,1577.53 (C=C, Ar. ring), 1266.15 (C-O str.), 
1102.93 (C-N str.); 1H NMR (400 MHz, δ in ppm, 
DMSO-d6): δ 1.66 (s, 3H, -CH3), 1.83 (s, 3H, -CH3), 
3.18 (s, 2H, -CH2-), 5.87 (s, 1H, -OH), 6.57(s, 1H, -CH-, 
Tetraoxane), 6.64 (m, 5H, C6H5-), 7.40 (m, 5H, C6H5-), 
7.50-8.91 (s, 1H, -CH-, 4-pyridyl); 13C NMR (100 MHz,  
δ in ppm, DMSO-d6): δ 18.57, 20.35, 39.91, 40.12, 
79.41, 125.18.
2-((Ethyl(phenyl)amino)methyl)-4-(3-methyl-6-(pyridin-4-yl)- 
1,2,4,5-tetraoxan-3-yl)phenol (5e): UV (λmax, in nm, 
CH2Cl2): 266.40 nm; FT-IR (νmax, in cm-1, Film) 3383.38 
(-OH str.), 2791.19, 2969.00 (C-H str., methyl group), 
1512.86, 1595.42 (C=C, C=N str., Ar. ring), 1262.95 
(C-O str.), 1100.65 (C-N str.); 1H NMR (400 MHz, δ 
in ppm, DMSO-d6): δ 1.14 (s, 3H, -CH3), 1.34 (s, 3H, 
-CH3), 5.74 (s, 1H, -OH), 6.20 (s, 1H, tetraoxane), 6.56 
(s, 1H, -CH-, Ar), 6.61 (s, 1H, -CH-, Ar), 7.08 (m, 5H, 
C6H5-), 7.53 (m, 4H, -C5H4N); 13C NMR (100 MHz, δ in 
ppm, DMSO-d6): δ 13.52, 19.20, 40.14, 46.55, 116.71, 
121.62, 123.69, 135.90, 149.41.
4-(6-(1H-Indol-2-yl)-3-methyl-1,2,4,5-tetraoxan-3-yl)-2 
((ethyl (phenyl) amino) methyl) phenol (5f): UV (λmax, in nm, 
CH2Cl2): 296.80; FT-IR (νmax, in cm-1, Film) 3393.49 
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Figure 1: Antimalarial action of endoperoxides against P. 
falciparum.

Table 1: Physicochemical Details of Synthesized Compounds*, 5a-g
Comp. 
code State Colour % Yield Rf

* Melting point 
(oC)

5a Semisolid Red 78 0.71 -

5b Solid Orange 73 0.64 110-114

5c Semisolid Purple 74 0.65 -

5d Semisolid Maroon 80 0.61 -

5e Semisolid Red 71 0.67 -

5f Solid Orange 75 0.73 91-94ºC

5g Solid Red 79 0.88 77-82ºC
*Solubility: Soluble in dichloromethane and DMSO
#Solvent: Pet. ether: acetone= 2:8 

Figure 2: Synthesis of targeted compounds, 5a-g; Reagents 
and reaction condition: a (Step 1), CH3CN, CH2Cl2, Conc. HCl, 
rt.; b (Step 2), CH3CN, CH2Cl2, Conc. H2SO4, 0-10°C; c (Step 3), 
C6H5NHC2H5 (1 eqv.), HCHO (1 eqv.), ethanol, reflux for 16 h.

Table 2: Results of In Vitro Antimalarial Activity#

Comp. code$ MIC (µg/mL)* IC50 (µg/mL)*

5a 25 (125)** 10.08 (39.87)**

5b 31.25 (125)** 16.36 (41.77)**

5c 25 12.73

5d 31.25 14.40

5e 31.25 (62.5)** 18.60 (34.59)**

5f 12.50 8.19

5g 6.25 5.30

CQ 0.4 0.04
#Data are presented as mean of triplicate observations
*CQ-sensitive P. falciparum (RKL-2) strain
**CQ-resistant P. falciparum (RKL-9) strain 
$Test dose: 100 µg/mL
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(-OH str.), 2922.57, 2968.34 (C-H str., alkyl group), 
1513.71 (C=C str., Ar. ring), 1346.88 (C=N str., Ar. 
ring), 1265.82 (C-O str.), 1105.53 (C-N str.); 1H NMR 
(400 MHz, δ in ppm, DMSO-d6): δ 1.48 (s, 3H, -CH3), 
1.98 (s, 3H, -CH3), 3.58 (s, 2H, -CH2-N), 3.95 (s, 2H, 
-CH2-), 5.44 (s, 1H, -OH), 7.33 (m, 4H, 3-indolyl), 9.87 
(s, 1H, -NH-, 3-indolyl); 13C NMR (100 MHz,  δ in ppm, 
DMSO-d6): δ 11.59, 18.85, 40.53, 46.85, 114.98, 115.28, 
118.64,119.69, 120.82, 121.22, 122.06,123.73, 130.87, 
135.94, 149.44, 152.97.
2-(6-(3-((ethyl(phenyl)amino)methyl)-4-hydroxyphenyl)-6-
methyl-1,2,4,5-tetraoxan-3-yl)phenol (5g): UV (λmax, in nm, 
CH2Cl2): 258.20; FT-IR (νmax, in cm-1, Film) 3394.95 
(-OH str.), 1511.17 (C=C str., Ar. ring), 1266.35 (C-O 
str.), 1104.81 (C-N str.); 1H NMR (400 MHz, δ in ppm, 
DMSO-d6): δ 1.37 (s, 3H, -CH3), 1.74 (s, 3H, -CH3), 
3.55 (s, 2H, -CH2-N), 5.66 (s, 1H, -OH), 7.36 (m, 4H, 
C6H4-), 7.38 (m, 5H, C6H5-); 

13C NMR (100 MHz,  δ in 
ppm, DMSO-d6): δ 12.02, 18.24, 39.36, 42.20, 115.32, 
118.27,119.20, 120.22, 121.80, 122.01,123.67, 130.48, 
135.24, 150.10, 152.26.
UV spectral data (λmax in dichloromethane) indicate the 
presence of  phenol conjugate of  tetraoxane ring system 
with Mannich substitution as the fundamental structural 
moiety of  the synthesized compounds (5a-g). Results of  
FT-IR spectral analysis exhibited characteristic absorp-
tion peaks due to functional peroxide group (C-O-O-
), phenolic –OH group, methyl group and aromatic 
C-H, C-O, C-S, C-N bonds present in the synthesized 
compounds. 1H NMR spectral data as described above 
exhibited prominent singlet for hydroxyl and methyl 
protons and also characteristic peak multiplicity pattern 
for phenyl, 2-pyridyl and 3-indolyl ring systems found 
as Mannich substituents in the structure of  compounds. 
13C NMR data further confirms the skeletal structure 
(penolic-tetraoxane scaffold) of  the synthesized com-
pounds.17 

Antimalarial Activity
The results of  antimalarial activity are presented in Table 2.  
Results reveal that all the synthesized compounds, 
5a-g showed good activity (IC50 ranges from 5.30-18.60 
µg/ml) against CQ-sensitive P. falciparum (RKL-2) strain 
which was considerably less than that of  the standard 
reference drug, CQ (IC50 0.04 µg/ml). Compounds 5f 
(3-indolyl) and 5g (2-hydroxyphenyl) showed marginally 
superior activity against the CQ-sensitive RKL-2 strain  
than rest of  the compounds in the series with IC50 
values, 8.19 µg/ml and 5.30 µg/ml, respectively. The 
activity against CQ-resistant RKL-9 strain of  P. falciparum  
was also good with IC50 values, 41.77 µg/ml, 39.87 µg/ml,  
and 34.59 µg/ml for 5a, 5b, 5e, respectively. From anti-

malarial activity results, it is clear that Mannich base 
substituted tetraoxane-phenol conjugates with bulky 
aromatic/heteroaromatic substituent’s such as indolyl 
(5f) and phenolic (5g) groups have considerably higher 
antimalarial potential, particularly against the sensitive  
strain of  Pf  than rest of  the synthesized analogues.  
Literature reports18 suggest that 4-aminoquinoline-
phenol conjugates with heteroaryl moiety substituted  
Mannich side chain could increase the antimalarial activity  
of  compounds. 

CONCLUSION
In this paper, a series of  seven Mannich bases of  tetra-
oxane-phenol conjugate as antimalarial compounds are 
newly reported. Newer tetraoxane derivatives exhibited  
good antimalarial activity (in vitro) against the CQ-sensitive  
strain of  P. falciparum strain. The activity against  
CQ-sensitive strain of  P. falciparum was better as 
compared to the activity seen against resistant strain. 
Though the activity of  the compounds reported herein 
is comparable to the activity of  standard reference  
drug, chloroquine, but their potency was, however, 
sufficiently less than that of  the standard drug. Finally, 
it can be concluded that such unique structural features 
embodied in tetraoxane-phenol cojugate with Mannich 
base substitution may be a promising alternative of  lead 
discovery in the development of  new antimalarial agents 
for the effective chemotherapy of  resistant malaria.
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