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Abstract—Reaction of the antimalarial and anti-schistosome drug artemether (1) and catalytic amount of ferrous ion in the pres-
ence of excess cysteine gave two adducts of cysteine and previous postulated primary and secondary carbon-centred free radicals
besides their other rearrangement products. This piece of further evidence for the presence of carbon-centred radicals, especially the
secondary carbon-centred free radical for the first time by the isolation of its coupling adduct, will be help to understand the
mechanism of action of artemether and other qinghaosu derivatives against parasites.
# 2003 Elsevier Science Ltd. All rights reserved.
Artemether (1), a derivative of qinghaosu (artemisinin,
2), was firstly reported as a more active antimalarial
compound than its parent one by Li et al. in 1979.1 Now
it has been used as a very effective drug to fight the most
serious parasitic disease worldwide, malaria, especially
for the multi-drug resistant malarial parasite. During
the last decade it was found that artemether also pos-
sessed potent effect against the juvenile stages of
another parasite schistosome and could be used as a
prophylactic drug for prevention of schistosomiasis.2

Recently we performed a comparative study on adult
Schistosoma japonicium survival after incubation in two
media, Hank’s balanced salt solution (HBSS) and
RPMI 1640, supplemented with calf serum, antibiotics,
artemether and haemin. It was interesting to observe
that worm mortalities were consistently higher and
occurred faster in HBSS in comparison with those in
RPMI 1640. A control experiment (without the incu-
bation of S. japonicium) showed that decomposition of
artemether to free radical reaction products in RPMI
1640 was much faster than in HBSS. In this respect, it
was indicated that these free radical reaction products
of artemether exhibited no damage to the schistosomes.
It was suggested that the worms needed to ingest arte-
mether and haemin to the gut. Then the free radical
reaction took place in the gut. The radical was toxic to
the worms and killed the worms eventually.3 For the
detection of these products of minor quantity in the
incubation media, we prepared their authentic samples
from the free radical reaction of artemether and ferrous
ion. Herewith, we would like to report the chemistry of
isolation and identification of these products.

The reaction of qinghaosu and its derivatives with fer-
rous ion produced mainly two products, that is com-
pounds 3 and 4, which were proposed to be formed
through a primary carbon-centred free radical and a
secondary carbon-centred free radical, respectively.4�7

Lately the reaction of qinghaosu and its 12-deoxy-12-
aryl derivatives with catalytic amount of Fe(II/III) (fer-
rous or ferric ion) in the presence of cysteine or reduced
glutathione also could take place and produced a
hydrogen attracted product and a cysteine adduct or a
glutathione adduct of the primary carbon-centred free
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radical.8�10 At almost the same time the heme–qin-
ghaosu adduct and heme–artemether derived from the
primary carbon-centred free radical was also reported
from French laboratory.11

Considering the presence of cysteine in the incubation
medium RPMI 1640, the reaction of artemether was
carried out with catalytic amount of ferrous sulfate and
excess cysteine. Thus the reaction was run in aqueous
acetonitrile (1:1) at room temperature for 4 h, when all
starting artemether was consumed. Working-up gave an
organic phase and an aqueous one. From the organic
phase two known tetrahydrofuranyl product (3b) and
3-hydroxyl product (4b) was isolated in 26 and 44%
yield, respectively. Besides, a hydrogen-attracted pro-
duct 512 of the proposed primary carbon-centred free
radical was also isolated in 10% yield. From the aqu-
eous phase both adducts 613 and 714 of cysteine with the
proposed secondary and primary carbon-centred free
radical could be detected by TLC developed by using
nBuOH/AcOH/H2O as eluent and visualized by spray-
ing with ninhydrin as a pink spot, and were isolated by
reversed phase column chromatography. The structure
of major adduct 7 (in 3.2% yield) was easily determined
by its high resolution ESI mass spectrum and NMR
spectra, which had similar pattern with corresponding
adduct of other qinghaosu derivative.10 The structure of
the foregoing fraction 6 (in 1.4% yield) was quite dif-
ferent with those adducts derived from the primary car-
bon-centred free radical of qinghaosu and its
derivatives. However, it contained the cysteine segment
and the artemether skeleton too as shown by 1H NMR
and 13C NMR spectra. The NMR pattern of cysteine
part was similar to that of adduct 7 and the pattern of
the artemether part was similar to that of compound 4b
except the OMe signal. These NMR data and the
molecular weight 388 measured by ESI-MS showed this
compound was the adduct from the proposed secondary
carbon-centred free radical. The configuration of C-12-
hydroxyl was determined to be a because of the axial–
axial coupling constant (8.6Hz) between H-11 and H-12.
The configuration of cysteine residue at C-3 was proposed
to be b according to the coupling pattern of H-3. The
proton at C-3 had chemical sift 2.97 as a doublet-doublet
peak with J value of 5.6 and 11.3Hz, which meant that H-
3 was an axial proton and in a orientation calculated by
the molecular modelling (AM1).

The hydrogen-attracted product and the cysteine adduct
of primary carbon-centred free radical from qinghaosu
or its derivatives have been identified in our labora-
tory.8,10 However, the cysteine adduct of secondary
carbon-centred free radical from qinghaosu series was
isolated for the first time. Therefore, up to now, the
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postulated primary and secondary carbon radicals were
confirmed not only by ESR spectra,4,5 but also by the
identification of both free radical adducts. On the other
side, with these standard samples in our hand we have
detected the products after incubation of artemether
with or without S. japonicium in different media. It was
found that RPMI 1640 contained a number of amino
acids including cysteine, therefore, artemether already
converted to its free radical reaction products and
cysteine adducts before it reached to the gut of parasite.
The observation and deduction of biological respect
were reported in detail elsewhere.3
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