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Abstract: A series of new sulfide and sulfone 1,2,4-trioxanes was prepared in only a few steps from
comumercial reactants. The sulfone trioxanes were found to have higher in virro antimalarial potencies
than the suifides, with 12B-aryisuifone trioxanes 1P being from 1/3 to 1/4 as potent as the compiex
natural antimalarial trioxane artemisinin (2). A tentative chemical mechanism is proposed to account
for the great difference in antimalarial activity of the 120 vs. 12B-sulfide trioxanes.

© 1998 Elsevier Science Ltd. All rights reserved.

As part of our continuing research program to design and synthesize simple organic antimalarial
peroxides,i we report here on a new series of 12-sulfonyl trioxanes 1. These trioxanes are structurally simplified
versions of the recently discovered and clinically effective Chinese antimalarial drug artemisinin (ginghaosu, 2) that
is a complex natural sesquiterpene lactone trioxane.” Although much structure-activity relationship (SAR) work
has been done by others® and by us!d to define those structural and electronic features that would make new

trioxanes potent antimalarials, no sulfone trioxanes have been reported. The non-peroxidic diaryl sulfone dapsone,
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reactions of the corresponding chioromethyi aryi suifides and trimethyl phosphite) with n-butyilithium and then
reaction with cyanoethylcyclohexanone 3 followed by methyllithum addition to the nitrile group gave methyl
ketone vinyl sulfides 4 as separable mixtures of Z- and E-isomers.!2 Exposure to photochemically-generated
singlet molecular oxygen followed by #-butyldimethylsilyl triflate then gave anomeric sulfide trioxane diastereomers
S0 and 5P that were separated easily by column chromatography, and their relative C-12 stereochemistry was
assigned by 1H NMR spectroscopy, applying general rules that we described recently.6 For example, the 12f-
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sharp singlet for the thioacetal hydrogen atom at about & 5.63. Separate oxidation of each of the viny! sulfide
trioxanes 5o and 5p with meta-chioroperbenzoic acid gave the corresponding target suifone trioxanes 1¢t and iff
as crystalline solids that are thermally stable even at 60 °C for 24 hours.”

Antimalarial testing in vitro using our previously described protocol8 gave the results summarized in
Table I. Several generalizations emerge, as follows: (1) although all of the 12a-sulfide trioxanes are inactive, all
of the 12B-sulfide diastereomers are quite active; (2) all of the sulfone trioxanes are active antimalarials; (3) the
12f-sulfones generally are somewhat more potent than the 12a-anomers; and (4) 12B-(p-chlorophenyl)sulfone 13

(ICs0 =23 nM) is almost 1/3 as potent an antimalarial as the complex natural trioxane arternisinin (ICsp = 8.5 nM).

Table I. Chemical Structure-Antimalarial Activity Relationships in

Cio-ZAr ICs¢
trioxane Z Ar stereochemistry (nM)
H 58 s Ph B 56
{.-\O\ ' 50 o >2500
o~ 13 so, P p 33
ZAr 1o o 59
5B S p-MeOPh B 89
Sa o >2500
183 SOy p-MeOPh B 30
1o o 43
5B S p-C1Ph B 110
S5a o4 >2500
1B S0, p-CIPh B 23
1a o 25
Artemisinin 8.5

aAntimalarial activity was determined as reported previously8. The standard
deviation for each set of quadruplicates was < 32% of the mean. R? values
for the fitted curves were 2 0.981.

Following our previously described mechanistic studies? involving iron(Il)-induced degradation of such
trioxanes to mimic the biological triggering of artemisinin by heme,”® we exposed several of these new sulfide and
sulfone trioxanes to ferrous bromide (Scheme II). For the pair of anomeric pheny! sulfides, the formation of lactol
9 or of a 1,5-diketone depended on the sulfide stereochemistry: the 12a-sulfide gave substantial amounts of lactol
9 but no diketone, whereas the 12f-sulfide gave no lactol but substantial amounts of 1,5-diketone. Formation of a
1,5-diketone product has been observed and rationalized previously,lo but lactol formation in the case of the 120
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plausible mechanistic p
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Cy-radical intermediate 6 (Scheme 1), followed immediately by its oxidatior
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we have previously shown that such an intermediate high-valent iron-oxo species is capable of oxidizing methyl
PO, TSR B V-1t AU U RPN RNV SR I o . I 9@_, . [ ST (L INURU SR UV o I DU [Ny I, J-PUr iy L
PHCIIY1 SULITUC IO INCUY1 pHenyl suitOxXuice. ALCINAUVELY, 150IICI1Z4U0n O1 DYUTOAY enol ether 7 into Cyciic

=
o

ether sulfide 8 might then be followed by sulfide — sulfoxide oxidation by the high-valent iron-oxo species still

residing close to the a-face of the organic molecule (note that 12f-oriented sulfide trioxane does not form any
lactol product). Finally, ferrous ion-promoted hydrolysis of the Cj3- sulfinyl monothioacetal functional group'l 112
then could reasonably form the observed lactol 9, isolated as a single diastereomer (C)-stereochemistry not
reliably assigned). Whatever the exact sequence of these reactions actually is, this tentative mechanistic proposal is
consistent with the 12a-sulfide being antimalarially inactive based on the rapid interception and reduction of the
highly oxidizing and likely cytotoxic high-valent iron-oxo intermediate species;921 when this 120-sulfide trioxane
reacted with ferrous bromide in the presence of hexamethyl Dewar benzene (HMDB), no rearrangement into
suifone (the suifone sulfur atom being unable to reduce any iron-oxo intermediate) did show substantial formation

of hexamethylbenzene, 1mphcatmg the mtermedlacy of a reactive hlgh~V'dlCﬂt 1ron-0xo SpCClCS.
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/E\FI/\ FeBr» /\H/\ /AN /”\/\ /”\n/\
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In summary, these SAR generalizations and mechanistic considerations, which support the importance of

1

p in the design of other potent

[

intermediate high-valent iron-oxo species for high antimaiarial activity, may he
antimalarial trioxanes for effective use in the worldwide fight against malaria.
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