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An Efficient Synthesis of Qinghaosu and Deoxoqginghaosu from Arteannuic Acid
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Photo-oxidation of cyclic enol ether (3) and successive treatments with trimethylsilyl trifluoromethanesulphonate
(TFOTMS) afforded three compounds, deoxoqinghaosu (4), (5), and (6); oxidation of (4) with RuO, gave

ginghaosu (1).

The outstanding antimalarial activity and intriguing chemical
structure of qinghaosu (1) have encouraged chemists to
complete its total synthesis,! in the preparation of analogues,?
and in model studies aimed at securing routes to the
biologically active 1,2,4-trioxane component of the mole-
cule.34 Two total syntheses of ginghaosu by Zhou and
Hofheinz,! depended on the photo-oxidation of an enol ether
in methanol using Rose Bengal as a sensitizer and successive
acid-catalysed transformations. Unfortunately, the yields in
the key steps are low. Jung5 failed to photo-oxidize the enol
lactone to ginghaosu, and Wallace6 was also unsuccessful in
photo-oxidation of hexahydrobenzopyran to (-arte-ether.
Herein we described a novel approach to the synthesis of
ginghaosu.

Arteannuic acid (2), a relatively abundant constituent of
Artemisia annua’ collected from almost anywhere in the world
except South China, was used as starting material for the
synthesis of qinghaosu. The synthesis (Scheme 1) involved
initial conversion of arteannuic acid to the key intermediate
cyclic enol ether (3) in three steps, by previously reported
procedures.2® Photo-oxidation of a dichloromethane solution

of (3) in the presence of Methylene Blue at ~70 to —78°C,
followed by treatment with trimethylsilyl trifluoromethanesul-
phonate (TfOTMS), yielded two peroxides, deoxoginghaosu
(4) (62%) and a compound which may have structure (5)
(6%), together with an oxo formate (6) (11%). Oxidation of
(4) with RuCl3-NalO, afforded (1) in 96% yield. The
structure of (4)t was elucidated by spectroscopic analysis and
confirmed by comparison of the physical data of the synthe-

T Selected data for (4): m.p. 112°C; [«]p?° +86.09° (c 1.46, CHCl5);
IR, no characteristic absorptions; "TH NMR, 6 5.08 (1H, s); 3.70 (1H,
ABX, Jag 13,Jax 4 Hz), 3.41 (1H, ABX, Jg 13, Jpx 13Hz), 1.40 (3H,
s, 4-Me), 0.90 (3H, d, J 6 Hz, 11-Me), 0.70 (3H, d, J 7 Hz, 10-Me);
miz, 268 (M+); 236 (M+ — O,); satisfactory elemental analyses were
obtained. For synthesized ginghaosu: m.p. 154—156°C; mixed m.p.
[natural product: (1)] 154—156°C; [«]p?® +68.2 (¢ 0.97, CHCls). For
(5): m.p. 128—130°C; [«]p?® —34.2° (¢ 0.66, CHCl3); IR, no
characteristic absorptions; 'H NMR, & 4.90 (1H, s), 3.75 (1H, ABX,
Jap 13, Jax 4 Hz), 3, 41 (1H, ABX, Jap 13, Jgx 12 Hz), 1.60 (3H, s,
4-Me), 1.0 (1H, d, J 4 Hz, 11-Me), 0.70 (3H, d, J 8 Hz, 10-Me); m/z,
268 (M*); high resolution calc. for C;sH,40, 268.1674, found
268.1657.
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Scheme 1. Reagents and conditions: i, a, CH,;N,; b, NiCl,-6H,0,
NaBH,; ¢, LiAlH,; d, O3/MeOH-CH,Cly; e, Me,S; f, xylene,
p-MeCsH,SO;H; ii, Oy, sodium lamp, Methylene Blue, CH,Cl,, —70
to —78°C; iii, TFOTMS; iv, RuCl3-NalO4/MeCN-H,0-CCl,.
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sized ginghaosu and the natural product.8 The possible
structure assigned to the minor peroxide (5) was deduced by
comparison of its spectroscopic datat with those of (4), but the
detail stereochemistry and the position of peroxide group have
not been confirmed.

In conclusion, we have synthesized deoxoginghaosu (4) and
ginghaosu (1) from arteannuic acid in 39 and 37% overall
yields, respectively.
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