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ABSTRACT

A highly efficient route for the conversion of the antimalarial drug artemisinin to a novel hydroxy-functionalized tricyclic 1,2,4-trioxane 6 is
reported. Neither the trioxane 6 nor its derivatives 14 −16, all of which lack the hydrolytically unstable acetal −lactone linkage, show antimalarial
activity comparable with that of artemisinin.

The discovery of artemisinin1 as the active principle of the
Chinese traditonal drugArtemisia annuais a major milestone
in malaria chemotherapy.2 Artemisinin and its more potent
semisynthetic derivatives, e.g., artemether2, arteether3, and
artesunic acid4, are active against both chloroquine-sensitive
and -resistant malaria (Figure 1). These compounds are fast
acting and are currently the drugs of choice for the treatment
of cerebral/complicated malaria caused by multidrug-resistant
Plasmodium falciparum.2 While these drugs show excellent
activity by the parenteral route, they show poor absorption
by the oral route.3 While the 1,2,4-trioxane moiety is believed
to be essential for antimalarial activity of these drugs,4 the

extra acetal-lactone or acetal-acetal linkages are linked with
their poor hydrolytic stability and therefore poor absorption

by the oral route. Several derivatives of artemisinin prepared
by replacement of oxygen at C-10 with carbon, e.g.,5a and
5b, have shown a better activity profile than the parent
oxygen-containing compounds, and the improved activity has
been attributed to their improved hydrolytic stability.5

Posner et al. have reported the synthesis of tricyclic 1,2,4-
trioxanes5c,d which are very close analogues of artemisinin.
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Figure 1. Artemisinin and its clinically useful derivatives.
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These compounds have been shown to be less active than
artemisinin againstPlasmodium bergheiin mice (Figure 2).6

All of these compounds, however, have the C-12 acetal
linkage and, therefore, still carry an element of hydrolytic
instability. Herein, we report, for the first time, a three-step
conversion of artemisinin to hydroxy-functionalized tricyclic
1,2,4-trioxane6 which lacks extra acetal linkages both at
C-10 and C-12. We also report the synthesis of ester and
ether derivatives of this novel 1,2,4-trioxane.

Our initial strategy to prepare the required tricyclic 1,2,4-
trioxane6 is shown in Scheme 1. Accordingly, using the

published procedure,7 artemisinin was reacted with methanol
in presence of BF3‚OEt2 to furnish bicyclic peroxide7 in
70% yield.

Reaction of7 with NaBH4 in MeOH furnished a mixture
of peroxides10and11 instead of the desired bicyclic peroxy
alcohol8. The reaction of7 with other derivatives of NaBH4
such as NaB(OAc)3H or NaBH3CN furnished the same

products. The ratio of the peroxy products varied with
reaction conditions and reagent used.

Compound11 on reaction with MeOH in the presence of
BF3‚OEt2 furnished the corresponding ethers12a and12b,
both of which were separated and characterized.12a and
12b are incidently the ring-B seco analogues of the anti-
malarial drug artemether (Scheme 2).

Our failure to achieve the conversion of7 to the target
alcohol8 required a change in our original plan. Accordingly,
peroxide7 was reacted with LiAlH4 in dry ether at 0°C to
furnish diol 13 in 80% yield. Diol 13 on reaction with a
catalytic amount of BF3‚OEt2 in CH2Cl2 furnished the
required tricyclic 1,2,4-trioxane alcohol6 in 80% yield
(Scheme 3).

Having achieved an efficient conversion of artemisinin to
tricyclic alcohol 6, we prepared several ester and ether
derivatives of this compound.
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Figure 2. Artemisinin-derived antimalarials lacking C10-O link-
age.
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Trioxane 6 on reaction with Ac2O/Et3N and succinic
anhydride/Et3N furnished acetate14 (99% yield) and hemisuc-
cinate15 (98% yield), respectively. Trioxane6 on reaction
with PhCH2Br/NaH furnished the benzyl derivative16
(Figure 3).

Peroxides7, 10, 11, 12a,b, and trioxane6 and its
derivatives 14-16 were assessed for their antimalarial
activity against multidrug-resistantPlasmodium yoelii ni-
geriensisin mice by intramuscular route.8 The antimalarial
data of some of the selected compounds are given in Table
1.

As can be seen from Table 1, these compounds are less
active than arteether, thus emphasizing the importance of
the tetracyclic system of artemisinin.

In conclusion, we have developed an efficient process for
conversion of artemisinin to hydrolytically stable tricyclic

1,2,4-trioxane6 and its derivatives. We have also prepared
several seco analogues of artemisinin and evaluated them
for their antimalarial activity.

Our results show that all of these seco analogues are less
active than artemisinin, thus emphasizing the importance of
the tetracyclic system present in artemisinin.
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Figure 3. Derivatives of tricyclic trioxane6.

Table 1. Antimalarial Activity of Trioxane6 and Its
Derivatives14-16

compd log P
dose

(mg/kg/day)
% suppression of

parasitaemia on day 4a

cured/
treated

6 2.74 96 71.98 0/5
14 2.97 96 14.10 0/5
15 2.64 96 38.46 0/5
16 4.84 96 53.57 0/5
3 3.84 6 100 5/5

a Percent suppression) [(C - T)/C]100; whereC ) parasitaemia in
control group andT ) parasitaemia in treated group.
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