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Abstract—Photo-oxygenation of geraniol 2, an abundantly available allylic alcohol, furnished a mixture of mono- and di-hydro-
peroxy products; the latter have been used for the preparation of a novel series of hydroxy-functionalized anti-malarial 1,2,4-tri-
oxanes (7a—d, 8a—d). © 2002 Elsevier Science Ltd. All rights reserved.

Artemisinin 1, the active principle of the Chinese tradi-
tional drug against malaria, Artemisia annua, and its
semi-synthetic derivatives are highly potent anti-malar-
ials and are currently being used clinically to treat multi-
drug resistant malaria.! The peroxide group present in
the form of a 1,2,4-trioxane is essential for the anti-
malarial activity of these compounds. Currently, how-
ever, because of the limited availability of artemisinin
and consequently its derivatives, focus is on the syn-
thesis and anti-malarial activity of structurally simple
1,2,4-trioxanes.?3
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Working toward these lines our laboratory has earlier
reported a convenient and novel photo-oxygenation
route for the synthesis of 1,2,4-trioxanes. The key step
of this procedure is the preparation of B-hydroxy-
hydroperoxides by photo-oxygenation of allylic alcohols
and their subsequent condensation with aldehydes/
ketones.> Several of the trioxanes prepared using this
method have shown excellent anti-malarial activity,
both in vitro and in vivo.?3® In continuation with these
studies, we have explored the potential of geraniol, an
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abundantly available monoterpene allylic alcohol, as a
starting material for the synthesis of a novel series of
1,2,4-trioxanes.

Photo-oxygenation of geraniol* in CH5CN at —10 to
0°C furnished a mixture of hydroperoxides 3a, 4a, 5a
and 6a, which on reduction with NaBH, in methanol
furnished the mixture of respective alcohols 3b, 4b, 5b
and 6b. This mixture on column chromatography on
silica gel furnished two broad fractions containing diols
3b and 4b (38% yield), and triols Sb and 6b (10% yield).
Acetylation of these fractions followed by column
chromatography furnished acetyl derivatives 3c, 4c¢, Sc,
and 6¢c, which were fully characterized by NMR and
MS. Triacetate 5S¢, though homogeneous by TLC and 'H
NMR data, its '3*C NMR data showed it to be a 1:1 mix-
ture of two diastereomers.!! Thus its precursors hydroper-
oxide 5a and triol 5b are also diastereomeric mixtures.

For preparation of trioxanes, however, it was found
expedient to chromatographically separate the photo-
oxygenation products into two broad fractions containing
monohydroperoxides 3a and 4a, and dihydroperoxides
S5a and 6a. Thus the fractions containing hydroper-
oxides 5a and 6a on acid-catalyzed condensation with
acetone followed by reduction with NaBH, in methanol
furnished mixture of trioxanes 7a and 8a which were
separated by column chromatography on silica gel.
Trioxanes 7b—d and 8b-d were obtained by similar
reaction of these hydroperoxides with cyclopentanone,
cyclohexanone, and 2-adamantanone.!'! Trioxanes 8a—d
are formed from 6a by acid-catalyzed cleavage of ter-
tiary hydroperoxy group>°® (‘Hock cleavage’, Scheme 1).
Trioxanes 7a—d, though expected to be mixtures of dia-
stereomers because of their origin from a diastereomeric
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mixture of hydroperoxides 5a, were found to be homo-
geneous by TLC, 'H NMR and 3C NMR.!! It appears
that they are mixtures of diastereomers with almost
identical physicochemical properties.

Anti-Malarial Activity

The anti-malarial activity of trioxanes 7a—d and 8a—d
was assessed against Plasmodium falciparum (NF-54
strain) in vitro cultures’ using minor modification to the
technique of Rieckmann and co-workers.® The results
are summarized in Table 1.

As can be seen from Table 1, trioxanes having the ada-
mantane moiety (7d and 8d) are the most active while
those with 3,3-dimethyl substituent (7a and 8a) are least

O—OH O—OH
o OH “ OH
OH o
_<%on
Sa 6a
OH OH
on OH N OH
OH
l 5b 6b |

Acy0, E4N, DMAP/ CH,Cl,

OAc OAc
OAG OAc + N OAc
OH
N
Se 6¢

on © OH O@
Tc 7d
0—0 0—0
YO D
OH OH
8c

8d
Table 1. In vitro anti-malarial activity of trioxanes against P. falci-
parum (NF-54 strain)

Compd MIC? (ng/mL)
Ta 5000
7b 125
Tc 1250
7d 31°
8a 1000®
8b 250°
8¢ 1000®
8d 125
Artemisinin 31°
Chloroquine 40°¢

AMIC, minimum concentration inhibiting development of ring-stage
parasites into the schizonts.

bTest was carried out at the following concentrations (2-fold serial
dilution): 1000, 500, 250, 125, 62, 31, 15.5ng/mL.

°Earlier determined standard value.
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Table 2. In vivo anti-malarial response of trioxane 7d against multi-drug resistant P. yoelii in Swiss mice

Dose Percent parasitemia (mean=+SE) on day* No. of mice
(mg/kg/day) protected®
4 10

96 Nil (5) Nil (5) Nil (5) 5/5

48 Nil (5) 2.04+0.9 (5) 10.5+5.7 (4) 4/5

24 2.424+0.8 (5) 13.38+£6.7 (5) 28.4+17.4 (2) 2/5
Chloroquine 48 1.53+0.4 (5) 17.6+£6.8 (5) 32.74+11.2 (3) 3/5
Vehicle 7.50+0.7 (5) 53.00+6.9 (2) Died 0/5
Control

aNumber of surviving animals are indicated in parentheses.
®Observation till day 10 post-infection.
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Scheme 1. Mechanism of formation of trioxanes 8a—d.

-H,0

active. Also within a given substitution pattern at C-3 of
trioxane, the trioxanes with the bulkier substituent at C-
6 (7a—d) are more active than the ones having smaller
substituents (8a—d), indicating that the anti-malarial
activity could be improved by increasing the hydro-
phobicity, that is introducing bulkier group at C-6. 7d is
the most active compound of the series and its activity is
comparable to that of artemisinin in vitro. Trioxane 7d
was also evaluated for its anti-malarial efficacy in vivo
against multi-drug resistant Plasmodium yoelii in Swiss
mice at 96, 48, and 24 mg/kg by in route’ (Table 2).

As can be seen from Table 2, trioxane 7d shows
promising activity against multi-drug resistant P. yoelii
in Swiss mice.

In conclusion, we have prepared a series of novel 1,2,4-
trioxanes using an abundantly available natural pro-
duct, which show promising anti-malarial activity. The
novel feature of these trioxanes is the side chain with a
hydroxyl group. This hydroxyl group offers further
choice for making new derivatives of these trioxanes.
Work on these lines is currently in progress in our
laboratory.
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