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Abstract: The combination of TMSOTf and AgCIO4 promotes the efficient C-10 phenoxylation of 

dihydroartemisinin (3) in good chemical yield and excellent stereoselectivity. In contrast to previous 

reports on other phenoxyglycoside derivatives, the phenoxy derivatives ($a- l lb)  of dihydroartemisinin 

do not undergo O to C rearrangement to the corresponding C-10-aryl derivatives. All of the new 

derivatives had potent in vitro antimalarial activity, © 1999 Elsevier Science Ltd. All rights reserved. 

Malaria is one of the world's most deadly diseases and is becoming an increasingly serious 

problem as malaria parasites develop resistance to quinoline containing drugs such as chloroquine (1). 

There is, therefore, considerable urgency to develop new classes of antimalarials. ,-2 Artemisinin (2) 

(qinghaosu) is an unusual 1,2,4-trioxane which has been used clinically in China for the treatment of 

multidrug resistant Plasmodium falciparum malaria. However, the therapeutic value of 2 is limited by 

its low solubility in both oil and water. Consequently, in the search for more effective and soluble 

drugs, a number of derivatives of the parent drug have been prepared. Reduction of the lactone group 

of artemisinin provides dihydroartemisinin (3) (DHA), which in turn has enabled the preparation of a 

series of semisynthetic first generation analogues which include artemether (4a,  R=-Me) and arteether 

(4b, R= -Et). 
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Although both of these derivatives are potent antimalarial agents in vitro, poor bioavailability and 

rapid clearance are observed with these analogues/n vivo, principally as a result of the chemical and 

metabolic instability of the acetal function present in these derivatives. One of the principal routes of 

metabolism of artemether (4a), for example, involves oxidative dealkylkation to DHA, a compound 

associated with toxicity 3 and short half-life (Scheme 1). 4 Replacement of the oxygen at the C-10 

position with carbon would be expected to produce compounds not only with greater hydrolytic 

stability, but also with a longer half-life and potentially lower toxicity. Consequently, several groups 

have developed synthetic and semi-synthetic approaches to C-10 earba analogues. ~ An alternative 
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approach to increasing the metabolic stability of artemisinin derivatives involves incorporation of a 

phenyl group in place of the alkyl group ( in the ether linkage) of first generation analogues eg. (4a) 

and (4b). 

Scheme 1. 

H~ 

• P 

Monohydroxylation 

3 -  O~ 0..,/0 H 

Phase II 
Glucuronlde 

Glucuronk~tion Metabolltes 

Dihydroartemisinin (DHA), 
Short half life, Neurotoxic 

This modification would be expected to block oxidative metabolic formation of DHA in vivo (eg 

Scheme 1). This report deals with the synthesis and in vitro biological activity of a new series of C-10 

phenoxy derivatives (alpha series, 5a- l la  and beta series, 5b-llb).  Several synthetic approaches were 

initially investigated for the production of target C-10 phenoxy derivatives. One of the first approaches 

taken was to couple DHA (1 equivalent) with various phenols (4 equivalents) using boron trifluoride 

diethyl etherate catalysis at room temperature. In every case, the major product obtained in the reaction 

was the anhydro derivative in high yield. Similar results were obtained using TMSOTf or TMSC1 as 

Lewis acid with phenol as nucleophile. Further studies involving the use of the Mitsunobu reaction J0-1~ 

(DEAD, Ph3P, phenol) on (3) gave high stereoselectivity (12.5/1, ~/~) but low overall yield (27 %). 

The dihydroartemisinin lactol can be recognised as a pyranose sugar with a free anomeric 

hydroxyl group, j2 There are many papers detailing reactions of glycosides, including C-C bond 

formation at the anomeric site. 13'14 Recently, studies by Suzuki have been carried out to investigate the 

O to C glycoside rearrangment of phenoxy glycosides. ~5 Different Lewis acid promoters have been 

used, including BF 3 etherate, SnCI 4 and CP2HfCI2-AgC104 with varying success. In 1992, Toshima 

discovered the efficient 13-stereoselective C-aryl glycosidation of l-O-methylsugars by the novel use of 

a TMSOTf-AgCIO4 catalyst system. ~6 This procedure gives excellent yields and diastereoselectivity in 

favour of the 13 -isomer, by rearrangement of the pre-formed phenoxy glycoside as shown (Scheme 2). 

Such promising results led us to try the use of TMSOTf-AgCIO 4 catalysis in our DHA-phenol 

coupling reactions. This approach involves dissolving 1 equivalent of DHA, approximately 2 

equivalents of the desired phenol and one-fifth equivalent of AgCIO 4 in anhydrous dichloromethane, 

under nitrogen at -78 °C. The TMSOTf (1 equivalent) is usually added to the reaction mixture last. In 

every case, the reaction provided excellent yields with good diastereoselectivity in favour of the beta 

isomers. Notably, only minor quantities of 9,10-dehydrodeoxoartemisinin were observed (Scheme 3). 

Notably, no O to C-aryl glycoside rearrangment was noted for any of the phenoxy derivatives obtained 

in contrast to the situation depicted in Scheme 2. 17 
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As can be seen, compared with earlier 

methods described above, the increase in yield 

upon using the new catalyst combination was 

dramatic. Noticeably, when R = OMe, the yield 

increased by 55% (the yield was only 18% 

using BFyEt20 catalysis). There is no obvious 

explanation for the success of this reaction. It 

may be that under these conditions the oxonium 

ion is stabilised and therefore less likely to 

form the anhydro by-product. Alternatively 

these conditions may catalyse slow oxonium 

ion formation. Hence at any one time there are 

larger quantities of  nucleophile available to 

react with the intermediate oxonium species. 

OMe 

X-ray crystal structure 
of Compound 8b 

The diastereoselectivity ratios were calculated from NMR dataJ s The stereochemistry of the 

phenoxy derivatives was also confirmed by X-ray crystallographyJ 9 As can be seen from Table 1 all 

of the new derivatives have antimalarial activity comparable to that of the clinically used derivative 

artemether (Table 1). 

Table 1 In Vitro Antimalarial Activity of Selected Phenoxy Derivatives versus Plasmodiumfalciparum (KI Strain) 

Compound 

5 a  

6 a  

7a  

IC50 (riM) 

l l a  

A r t e m e t h e r  

3.18 

!IU.~ 

Standard Elror 

0.02 

0.05 

0.06 

9a  5.70 1.01 

2.88 0.04 

Compou~ 

$ b  

6 b  

7 b  

9 b  

l l b  

1(250 (nM) 

3.66 

3.92 

5.29 

4.58 

8.89 

Standard Error 

1.88 

0.11 

0.08 

0.04 

0.05 

4.55 0.12 
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Based on the excellent yield, stereochemistry and potent in vitro antimalarial activity, compound 7b was 

selected for in vivo testing and drug metabolism studies in vivo in rodent models. 

In summary, the combination of TMSOTf  and AgCIO 4 efficiently catalyses the one-step 

phenoxylation of dihydroartemisinin in good yield and excellent stereoselectivity. These C-10- 

phenoxy substituted trioxanes would be expected to be more stable towards P450 catalysed formation 

of DHA (3) and therefore should have longer half-lives than the clinically used ester and ether 

derivatives (eg. 4a). Details of our drug metabolism and biomimetic Fe(II) studies on these derivatives 

will be published in a full paper. 
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