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Abstract: The versatility of the cyclo-oxymercuriation route to 1,2,4-trioxanes is illustrated by preparing 
new examples with heterocyclic, unsaturated and carbohydrate substituents and by post-cyclisation 
modification of the substituents including oxidative cleavage of alkene and reduction, condensation and 
Wittig olefination of carbonyl groups. © 1997, Published by Elsevier Science Ltd. All rights reserved. 

Interest in the antimalarial drug artemisinin and peroxidic analogues remains high with attention recently 

being concentrated on probing the molecular mechanism of action) Structure - activity studies play an 

important part in such an investigation and are much enhanced by versatile synthetic methods that support 

considerable structural variation. The cyclo-oxymercuriation route to 1,2,4-trioxanes involves the mercury(II)- 

induced cyclisation of hemiperoxyacetals derived from allylic hydroperoxides followed by reductive 

demercuriation. The versatility of the method has been illustrated in part by the successful use of several allylic 

hydroperoxides, notably 2,3-dimethylbut-l-en-3-yl hydroperoxide, 2'3 1-phenylprop-2-enyl hydroperoxide, 4 1- 

isopropylprop-2-enyl hydroperoxide, ~ 2-methylbut-2-enyl hydroperoxide, 5 and compounds 

CH2=C(Ph)CH(OOH)CH2OX (where X = H, CONHPh and Ac) 6 and of tin(IV) derivatives of allylic 

hydroperoxides. 5'7 Here, we demonstrate the versatility of the method in a complementary way by using one 

allylic hydroperoxide, namely 2,3-dimethylbut- 1-en-3-yl hydroperoxide, with a variety of carbonyl compounds 

(R~R2CO) to prepare new 1,2,4-trioxanes that contain additional functionality. We also show that several 

functional group manipulations can be carried out whilst keeping the peroxide ring intact. 

R~I/R2 R 1 R 2 R 1 R 2 

0 OH i HO~'O ii 0 ~ 0  
I I ~ ..~I 

o 

Scheme 1. Reagents: i, cat CF3CO2H; ii, Hg(OAc)2, 6 mol% HC104; iii, NaBH4, NaOH 

Previous examples of 1,2,4-trioxanes prepared from 2,3-dimethylbut-1-en-3-yl hydroperoxide (scheme 1) 

have been limited to those from reactions with formaldehyde, 3 aliphatic and aromatic aldehydes 2 and the 

symmetrical ketones acetone, cyclohexanone and adamantanone) Using crude hydroperoxide (10 mmol) 

obtained by tetraphenylporphine - sensitised photo-oxygenation of 2,3-dimethylbut-2-ene with the appropriate 

"This paper is dedicated to Professor Waldemar Adam on the occasion of his 60th birthday. 
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aldehyde or ketone (20 mmol) and following the one-pot procedure, 2 the new 1,2,4-trioxanes 1-68 were 

prepared. Purification was by column chromatography although HPLC was required to separate the mixture 

of 4 and 5 obtained from terephthaldehyde and reversed phase HPLC was needed to obtain a pure sample of 

2. Compounds 3-5 were white solids whereas the others were colourless oils. Yields were poor (6-12%) for 

the products derived from the heterocyclic and aromatic aldehydes, better (36%) for 3 and excellent (85%) for 

6 which was isolated as a 1:1 mixture of diastereoisomers. It is important that, as anticipated from the relative 

reactivities of variously substituted alkenes towards oxymercuriation, the double bond of citronellal is unreactive 

under the cyclo-oxymercuriation conditions and so is retained in the product 6. Compound 2 is interesting in 

that it contains the heterocyclic nucleus of the original antimalarial, quinine, fused to the peroxidic nucleus of 

artemisinin. 
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Much effort has gone into chemically modifying artemisinin to enhance its antimalarial properties. This 

has mainly involved reducing the lactone ring and derivatising the resultant iactol, dihydroartemisinin. As part 

of this approach, the preparation and activities of some carbohydrate derivatives have been reported. 9 Unlike 

these derivatives, compounds with the sugar moiety attached directly to the 1,2,4-trioxane ring can be prepared 

by the cyclo-oxymercuriation route. Thus, D-galactose was converted into the 1,2:3,4-diacetonide and oxidised 

with the Pfitzner-Moffatt reagent to give the corresponding C-6 aldehyde ~° which afforded the 1,2,4-trioxane 

78 in 32% yield as a l:1 mixture of diastereoisomers (scheme 2). 
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Scheme 2. Reagents: i, Me2C(OMe)2, cat 4-MeC6H4SO3H; ii, DMSO,DCC; iii, Hg(OAc)2, 6 mol% HCIO4; 

iv, NaBH4, NaOH 
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In another example, 2-deoxy-D-glucose was converted into an open chain dithioacetal and thence into the 

3,4:5,6-diacetonide aldehyde 11 used to prepare the sugar-l,2,4-trioxanes 8 s (20%) and 9 s (16%) (scheme 3), 

which were readily separated by column chromatography. Clearly, partial deprotection takes place under the 

cyclo-oxymercuriation-reduction conditions. Compounds 8 and 9 were isolated as 1:1 and 2:1 mixtures of 

diastereoisomers respectively. 
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Scheme 3. Reagents: i, EtSH, HC1; ii, Me2C(OMe)2, cat 4-MeC6H4SO3H; iii, HgCI2,CaCO3; 

iv, Hg(OAc)2, 6 mol% HCIO4; v, NaBH 4, NaOH 

It was possible to modify the functional groups in the substituents of compounds 3, 4 and 6 to afford 

further novel 1,2,4-trioxanes. Thus, reduction of the carbonyl groups using ethanolic sodium borohydride 

(rather than the aqueous reagent used to prepare 3 and 4) afforded alcohols 10 and 13, g which by reaction with 

phenyl isocyanate were converted into the corresponding N-phenylcarbamates 11 g and 14. s Alternatively, 

condensation with semicarbazide hydrochloride gave the semicarbazones 12 g and 15) 

O[•O 
NNHCONH2 ( ~ i  x :,"~i NHCONH2 

10X=H 12 13X=H 15 11 X = CONHPh "14 X = CONHPh 

Under more testing conditions, the citroneilal derivative 6 underwent oxidative cleavage of the double 

bond to give aldehyde 16 s which by Wittig olefination gave the new alkenyl 1,2,4-trioxanes 17 s and 18 s 

(scheme 4). 
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Scheme 4. Reagents: i, NaIO 4, 1 mol% OsO4; ii, RCH2PPh3 ÷ Br, BuLi 

The new 1,2,4-trioxanes 1-5 and 7-15 were evaluated ~2 for antimalarial activity in vitro against p. falciparum 

and IC5o values ranged from 30 ng ml l to 70 lag ml l. 
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