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Abstract—A short, regiospecific and first synthesis of (+)-deoxoartemisitene and its novel C-11 derivatives with non-acetal at C-12
was achieved from artemisinic acid. © 2001 Elsevier Science Ltd. All rights reserved.

Artemisinin 1, a sesquiterpene lactone endoperoxide
isolated from Artemisia annua, and its derivatives have
been important as antimalarial drugs with the most
effective activity against multidrug resistant forms of
Plasmodium falciparum.1 To overcome low solubility,
instability in acidic condition, and recently appearing
neurotoxicity of artemisinin and its C-12 derivatives
with acetal at C-12 such as arteether, artemether, and
artelinic acid, we prepared deoxoartemisinin2 2 and its
C-12 derivatives with non-acetal at C-12.3 Although
some C-11 derivatives of artemisinin were prepared by
1,4-conjugated addition4 from artemisitene 3 and
artemisinic acid 5 and show an effective antimalarial
activity, their compounds are still acetal-type at the
C-12 position, which are neurotoxic and acid unstable.
However, deoxoartemisitene 4, as a versatile intermedi-
ate, and its C-11 derivatives with non-acetal at C-12
have never been prepared. Therefore, the structure–
activity relationship of C-11 derivatives of
deoxoartemisitene is unknown. In this letter, we report
the first synthesis of (+)-deoxoartemisitene 4 and its
novel C-11 derivatives with non-acetal at C-12 from

readily available artemisinic acid 5 to elucidate their
structure–activity relationship and overcome the
expected acid instability and neurotoxicity of the C-11
derivatives with acetal at C-12 (Fig. 1).

There are only a few oxidations and reductions known
for transformation of artemisinin derivatives2 due to
the unstable endoperoxide moiety. Mild and partial
reduction of methyl artemisinate 6, prepared from
artemisinic acid 5, with DIBAL-H cleanly afforded
dehydroartemisinyl alcohol 7 (82% yield). Photooxida-
tive cyclization of the alcohol 7 with oxygen, rose
bengal and irradiation, followed by in situ treatment
with trifluoroacetic acid, gave deoxoartemisitene 45 in
35% yield. Although the yield for the photooxidative
cyclization is low, this step represents the shortest syn-
thetic route to 4. Deoxoartemisitene is a versatile inter-
mediate for the preparation of a variety of C-11
derivatives of deoxoartemisinin. We found the endoper-
oxide of deoxoartemisitene is intact under ozonolysis,
oxidations and reductions, etc. Thus, conversion of
deoxoartemisitene into C-11 derivatives with non-acetal

Figure 1.
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at C-12 was successfully carried out under suitable
reaction conditions, as outlined in Scheme 1. Ozonoly-
sis of 4 with 60% ozone afforded deoxoartemisitone 9
in 99% yield with a self-cleavage of the ozonide ring of
8 without a reducing agent. We suggest that this
unusual self-cleavage is owing to the sterically hindered
spiro ring strain on the ozonide ring of 8. Reduction of
9 with sodium borohydride exclusively led to the
demethyldeoxoartemisin-11-�-ol 10 in 90% yield. Direct
preparation of deoxoartemisininol 13 from 4 with
hydroboration using 9-BBN or catecholborane was
unsuccessful.

Epoxidation of 4 with m-CPBA and NaHCO3 gave
11(S)-(spiroepoxy)deoxoartemisinin 11 and its 11(R)-
epimer in a 1.7:1 ratio and 81% yield. After many
unsuccessful attempts, we found the correct ring-open-
ing conditions of the major epoxide 11 with triethyl-
silane to give the primary alcohol 13 (yield 72%) and
with DIBAL-H to give the tertiary alcohol 12 (yield
90%)6 both in the presence of BF3·Et2O, respectively.
We suggest the bulkiness of the reducing agents affects
the direction of the epoxide ring opening of 11. The
triethylsilane reduction represents a new method for the

epoxide opening to afford a primary alcohol. Mesyla-
tion and tosylation of the alcohol 13 afforded 14a and
14b 95 and 90% yield, respectively. While transition-
metal or strong-oxidation agents for oxidation of the
alcohol 13 caused cleavage of the endoperoxide bridge
of molecule, sodium hypochlorite in the presence of
tetrabutylammonium bromide as phase-transfer cata-
lyst led cleanly to the aldehyde 15 in 67% yield. In this
reaction, the 11�-epimer was obtained exclusively. Fur-
ther oxidation of the aldehyde 15 with silver oxide at
room temperature afforded demethyldeoxoart-
emisininylic acid 16 in 40% yield. Similarly, the 11�-
epimer of 11 was converted into the 11�-epimers of its
alcohol 13 and the aldehyde 15, respectively. Bromina-
tion of 13 to prepare 19 failed with various methods.
Thus, early bromination of 7 with TPP/CBr4, hydrobo-
ration of 17 afforded 18 and the 11�-epimer of 18 in a
1.8:1 ratio and 87% yield (Scheme 2). Similar photoox-
idation of 18 gave 13-bromodeoxoartemisinin 19
smoothly in 30% yield. It is noteworthy that the
endoperoxide, an indispensable moiety for biological
activities of deoxoartemisitene 4, was left intact during
this entire ozonolysis, reductions and oxidations.

Scheme 1.
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Scheme 2.

The assignments of the 1H and 13C NMR signals were
made on the basis of 2D-COSY and HETCOR spectra
of compounds 10–13 and 15–19. The relative configura-
tion at the new chiral centers, C-4, 5, 6 and 11, was
determined unambiguously, as depicted in 10–13 and
15–19, by utilization of two-dimensional NOE
(NOESY) techniques.7 C-11 derivatives with non-acetal
at C-12 prepared here showed more water solubility
and acid stability than those of acetal-type analogs. For
example, the solubility of compounds 13, 15 and 16 in
water is four times greater than that of artemisinin
(0.97 mg/mL). The half-life of compounds 13, 15, 16,
and 19 in simulated stomach acidic conditions (pH 2.0,
37°C) is 15 times longer than that of artemisinin (t1/2=
23.5 h).

In conclusion, our approach is highlighted by its sim-
plicity and efficiency. We outlined the first synthesis of
optically active (+)-deoxoartemisitene 4 and its novel
C-11 derivatives with non-acetal at C-12 from readily
available artemisinic acid. Derivatives 4, 9–16 and 19
are all new compounds that are subject to in vitro
biological activities and may overcome low solubility,
instability and neurotoxicity of the lead compounds.
We presented new reactions to furnish some C-11
derivatives with non-acetal at C-12 directly from
artemisinin analogs in the presence of the unstable
endoperoxide moiety. In preliminary in vitro antimalar-
ial tests against the clone (3D7 and K1 strains) of P.
falciparum, 13 is 15 times (IC50=0.1 ng/mL) more
potent than artemisinin (IC50=1.51 ng/mL) and six
times more potent than artesunate (IC50=0.6 ng/mL).
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