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Abstract—Using readily available trioxanes 6a–b, a new series of amino functionalized 1,2,4-trioxanes 8a–e and 9a–e have been
prepared and evaluated for antimalarial activity against multi-drug resistant Plasmodium yoelii in Swiss mice model. Several of
these novel trioxanes are orally more active than the parent trioxanes 6a–b. Antimalarial activity of amino functionalized trioxane
9a, the most potent compound in the series, is very close to that of b-arteether.
# 2003 Elsevier Ltd. All rights reserved.
1. Introduction
Discovery of Artemisinin 1, as the active principle of the
Chinese traditional drug Artemisia annua, has opened
new possibilities in malaria chemotherapy.1 Artemisinin
and its more potent derivatives for example, artemether
2, arteether 3 and artesunic acid 4, are highly active
against both chloroquine-sensitive and resistant
malaria. These drugs are fast acting and are well suited
for the treatment of cerebral malaria caused by multi-
drug resistant Plasmodium falciparum.2 Peroxide group
present in the form of 1,2,4-trioxane, is essential for the
antimalarial activity of these drugs. Synthesis of a large
number of structurally simple trioxanes have been
reported, several of which have shown promising in vivo
antimalarial activity.3,4 Though chloroquine is known
to antagonise the antimalarial effects of artemisinin
derivatives,5 recently we and others have attempted to
improve the antimalarial activity of easily accessible
synthetic trioxanes by incorporating 4-aminoquinoline
moiety.6 These hybrid molecules ‘trioxaquines’ (proto-
type 5) prepared by reductive amination of trioxanes 6a–b
with 4-aminoquinolines 7, show only marginal improve-
ment in antimalarial activity over the parent trioxanes.
They also suffer from serious limitations such as poor
solubility both in water and oil.6 Herein we report the
preparation and antimalarial activity of 8a–e and 9a–e, a
new series of amino functionalized trioxanes which are
orally more active than the parent trioxanes 6a–b. While
amino functionalized derivatives of artemisinin are
known,7 to the best of our knowledge, this is the first
report on amino functionalized synthetic 1,2,4-trioxanes.

2. Chemistry

b-Hydroxyhydroperoxides 11a–b prepared by photo-
oxygenation of allylic alcohols 10a–b were condensed
with 1,4-cyclohexanedione to furnish keto-trioxanes
6a–b in 42–51% yield.6 Reductive amination of 6a with
various amines in presence of NaBH(OAc)3 furnished
amino functionalized trioxanes 8a–e as inseparable
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mixture of diastereomers.8 A similar reductive amination
of 6b furnished amino functionalized trioxanes 9a–e
again as inseparable mixture of diastereomers (Scheme 1,
Table 1).9 Unlike trioxaquines 5, these amino functiona-
lized trioxanes are stable as free bases and are soluble in
groundnut oil, the most commonly used vehicle for anti-
malarial assessment of artemisinin analogues.
3. Antimalarial activity

Trioxanes 6a–b and amino functionalized trioxanes 8a–
e and 9a–e were tested against multi-drug resistant
Plasmodium yoelii in Swiss mice initially at 96 mg/kg
both by oral and intramuscular (im) routes.10 Com-
pound 9a which showed 100% protection at 96 mg/kg
by oral route was also tested at 48 mg/kg and 24 mg/kg.
b-Arteether 3, which provides 100% protection at 48
mg/kg by oral route, served as positive control. The
results are summarized in Table 2.
4. Results and discussion

We have earlier tried to improve the antimalarial activ-
ity of trioxanes 6a–b by incorporating 4-aminoquinoline
moieties 7. But the resulting hybrid molecules ‘triox-
aquines’ (represented by prototype 5) showed only
marginal improvement in activity. These trioxaquines
were also unstable as free bases and had serious solubi-
lity problem. Amino functionalized trioxanes 8a–e and
Scheme 1. Reaction conditions: (a) hn, O2, methylene blue, MeCN,
�10 to 0 �C, 4 h. (b) 1,4-cyclohexanedione, concd HCl, 5 �C, 18 h. (c)
RNH2, NaBH(OAc)3, CH2Cl2, rt, 4 h.
Table 1. Amino functionalized 1,2,4-trioxanes
Compd
 Ar
 R
 Yield (%)
8a
 Phenyl
 Phenyl
 81

8b
 Phenyl
 4-Methoxyphenyl
 61

8c
 Phenyl
 3,5-Dichlorophenyl
 62

8d
 Phenyl
 4-Acetylaminophenyl
 88

8e
 Phenyl
 1-Naphthyl
 78

9a
 4-Biphenyl
 Phenyl
 84

9b
 4-Biphenyl
 4-Methoxyphenyl
 91

9c
 4-Biphenyl
 3,5-Dichlorophenyl
 44

9d
 4-Biphenyl
 4-Acetylaminophenyl
 61

9e
 4-Biphenyl
 1-Naphthyl
 41
Table 2. In vivo antimalarial activity against P. yoelii in Swiss mice
Compd
 Dose (mg/kg/day)
 Route
 % Suppression on day 4a
 Mice alive on day 28
 Mean survival timeb (day)�SE
6a
 96
 oral
 7
 0/5
 7.2�0.38

96
 im
 99
 0/5
 11.6�1.08
6b
 96
 oral
 92
 0/5
 10.2�0.58

96
 im
 100
 1/5
 17.7�1.97
8a
 96
 oral
 95
 0/5
 12.2�0.73

96
 im
 60
 0/5
 13.4�1.50
8b
 96
 oral
 93
 0/5
 12.4�1.12

96
 im
 63
 0/5
 10.8�1.50
8c
 96
 oral
 100
 2/5
 16.5�2.31

96
 im
 62
 0/5
 12.4�0.93
8d
 96
 oral
 77
 0/5
 9.8�0.37

96
 im
 98
 0/5
 9.0�0.45
8e
 96
 oral
 100
 0/5
 19.5�1.85

96
 im
 44
 0/5
 9.2�1.68
9a
 96
 oral
 100
 5/5
 >28

48
 oral
 100
 3/5
 14.5�2.5

24
 oral
 98
 0/5
 13.4�1.14

96
 im
 72
 0/5
 10.7�1.25
9b
 96
 oral
 94
 0/5
 11.1�1.06

96
 im
 57
 0/5
 8.4�2.4
9c
 96
 oral
 65
 0/5
 10.2�2.03

96
 im
 46
 0/5
 7.0�0.55
9d
 96
 oral
 49
 0/5
 8.4�0.75

96
 im
 90
 0/5
 11.6�1.69
9e
 96
 oral
 100
 0/5
 14.8�1.06

96
 im
 nil
 0/5
 6.6�0.24
b-Arteether
 48
 oral
 100
 5/5
 >28

24
 oral
 100
 1/5
 17.75�2.46
Chloroquine
 48
 oral
 100
 2/5
 17.6�1.33

24
 oral
 100
 0/5
 14.8�2.24
Vehicle control
 —
 —
 —
 0/15
 7.07�0.10
a Percent suppression=[(C�T)/C]�100; where C=parasitaemia in control group, and T=parasitaemia in treated group.
bMST calculated for the mice which died during 28-day observation period and the mice which survive beyond 28 days are excluded.
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9a–e, on the other hand, are stable as free bases and are
freely soluble in groundnut oil, the most commonly
used vehicle for antimalarial testing of artemisinin deri-
vatives. As can be seen from Table 2, several of these
novel compounds are orally more active than the parent
trioxanes. Thus, while trioxane 6a is almost completely
inactive at 96 mg/kg by oral route, all the amino func-
tionalized trioxanes derived from it except 8d show 93–
100% clearance of parasitaemia on day 4 by oral route.
Amino functionalized trioxane 8c, which shows 100%
inhibition of parasitaemia on day 4, also provides 40%
protection in 28-day survival assay. Keto-trioxane 6b
shows 92% inhibition of parasitaemia on day 4 when
given orally at 96 mg/kg. Its derivative 9a, shows 100%
clearance of parasitaemia at 96 mg/kg by oral route and
all the treated mice survived beyond day 28. Even at 48
mg/kg by oral route 9a shows 100% clearance of para-
sitaemia on day 4 and 60% of treated mice survived
beyond day 28. Thus activity profile of 9a by oral route
is very close to that of b-arteether. Rests of the com-
pounds derived from 6b have either comparable activity
(9b and 9e) or are less active than 6b. However none of
the amino functionalized trioxanes is more active than
the parent trioxanes 6a–b by im route. Thus introduc-
tion of the amino moiety improves absorption by oral
route only.
5. Conclusion

Using easily available trioxanes 6a–b, for the first time
we have prepared a series of amino functionalized
trioxanes 8a–e and 9a–e in good yield. Several of these
trioxanes show better activity by oral route than the
parent trioxanes. The activity profile of 9a, the most
potent compound of the series, is very close to that of b-
arteether, one of the clinically useful antimalarial drugs
belonging to artemisinin class.
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