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Abstract: A series of non acetal-type analogs of artemisinin containing C-C bond at position-12 have been
found to be 15 - 22 times more stable than acetal(C-O)-type prodrugs of artemisinin in simulated stomach acid.
© 1998 Elsevier Science Ltd. All rights reserved.

Malaria is one of the number one: infectious diseases causing 2 million people deaths every year in the world
today. Because of the excellant antimalarial activity against drug-resistant strains of Plasmodium falciparum
and clinical safety, artemisinin (ginghaosu) 1 has recently gained tremendous interests from many bioorganic
and medicinal chemists and pharmacologists for the synthesis, biological activities, mechanisms of drug action
and particularly bioavailability. The stability of drugs are gaining more importance every day for the drug
industry. In addition to potent antimalarial activity, an ideal artemisinin-related drug candidate should possess
(1) an external C-C bond at position-12 for increased chemical stability, thus providing a longer half-life in the
body, and (2) high water-solubilizing groups such as carboxylates.! Artemisinin is surprisingly stable in
neutral solvent heated up to 150 ©C.2 Being a hemiacetal, dihydroartemisinin is chemically more vulnerable
than its parent compound, artemisinin, a lactone itself. Artemether, arteether 3, artesunate, dihydroartemisinin
2 and artelinic acid 4, which are acetal-type prodrugs under clinical use or trials, respectively, are susceptable
to moisture and acidic conditions.” From literature data2 on other arteether and artesunate analogs, it would
appear that any derivative at carbon-12 of the type -OCH;CH3R and -O(C=0)CH;R may not have sufficient
stability in aqueous solution to be clinically useful in an intravenous injectable dosage form. Therefore, we
are still in urgent need of an acid-stable and water-soluble product from the series for oral and parenteral
application. In bioavailability studies of orally administered arteether, for example, one should consider the
effect of gastric pH and emptying time in the design of the study. In the simulated stomach acid (pH=2.0, 37
oC), Baker et al.3 reported that arteether was found to be unstable and easily undergoes hydrolysis, so that
sufficient quantities of arteeher would be expected to be lost during the typical time of residence within the
stomach before it reach the small intestines, where it would be absorbed. If the pH were drop to 1.0, giving a
half-life somewhere in the range of 50 min, one might expect that 25 - 75 % of the arteether might decompose
during this time. During the course of the search of more chemically stable and high water-soluble analog, we
replaced a C-O bond at C-12 into C-C bond for the purpose of preventing metabolic generation of hemiacetal,
which rapidly decomposes in the stomach.! There have been no reports on the stability comparison of acetal
and non acetal-type prodrugs under acidic conditions. In this communication, we would like to report the first
successful demonstration of extraordinarily increased stability of ideal acid-stable, water-soluble and highly
active non acetal-type prodrugs in the simulated stomach acid (pH=2.0, 37 °C).

In order to examine the effect of molecular structure on the stability of artemisinin analogs in simulated
stomach acid, a series of acetal (C-O)-type 2-4 and non acetal (C-C)-type prodrugs §-9 (Figure 1) have been
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prepared either from artemisinin 14-6 or artemisinic acid.6-8 To measure the stability of acetal (C-O)-type 2-4
and non acetal (C-C)-type §-9 prodrugs in simulated stomach acid, the disappearance of prodrugs (1 mg/mL.)
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(Fig. 1) Acetal (C-0)-type (2-4) and non acetal (C-C)-type (5-9) prodrugs of artemisinin
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(Fig. 2) Kinetics ol the hydrolysis and decomposition of non acetal (C-C)-type prodrugs
in 0.01 N HCI1, pH=2.0, 37 °C
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in 0.01 N HCI, pH 2.0 at 37 °C was followed by HPLC analysis.® All prodrugs tested were found to
disappear with pseudo-first order kinetics, with half-life of 10.98 to 23.5 hours for acetal-type prodrugs and
of 165.12 to 386.88 hours for non acetal-type prodrugs (Figure 2). Preliminary HPLC studies of the acidic
decomposition of acetal (C-O)-type 1-4 and non acetal (C-C)-type 5-9 prodrugs in simulated stomach acid
had been shown in Table 1. At pH = 2.0 in water at 37 °C, all prodrugs 2, 3, and 4 retaining the acetal at
12-position had an in vitro half-life of between 10.98 to 17.19 hours.

Table 1:Stability of Acetal (C-O)-type and Non Acetal (C-C)-type Prodrugs of
Artemisinin in Acidic solution (1 mg/mL, 0.01 N HCI, pH=2.0, 37 °C)

.Acetal(C-O)-type

compound half-life (hours)
Artemisinin (1) 23.50
Dihydroartemisinin (2) 17.19
Artecther (3) 10.98
Artelinic Acid(4) 13.11

Non Acetal(C-C)-type

compound half-life (hours)
Deoxoartemisinin (5) 213.36
12-(n-Butyl)-deoxoartemisinin (6) 165.12
12-Benzyldeoxoartemisinin (7) 285.60
12-(Carboxypropyl)-deoxo-

artemisinin (8) 386.88
12-(Carboxybutyl)-deoxo-

artemisinin (9) 374.40

Dihydroartemisinin 2 has longer half-life than arteether 3 and artelinic acid 4. Thus it becomes clear that
aqueous solution of arteether 3 (or of other analogs 1, 2, and 4 retaining the acetal at 12-position) would not
have enough stability to be used as aqueous solution intended for intravenous administration. In
accordance with our proposal, all of non acetal-type analogs, § and 6-9, retaining C-C bond at 12-position
show extraordinarily increased acid stability with a half-life of between 165.12 to 386.88 hours. Table 1
shows that the half-life of deoxoartemisinin § (213.36 hr) was 19 times longer than arteether 3 (10.98 hr)
under aqueous conditions at pH = 2.0 at 37 °C. It was also found that the half-life deoxoartemisinin 8 is 27
times longer than that of arteether 3 under neutral (pH = 7.0) aqueous solution at room temperature. Thus,
one could make a crude estimate that deoxoartemisinin 8 would have a half-life of 704 days at pH 7.0 at room
temperature by extrapolation of the kinetics to 25 °C using the Arrhenius equation. Interestingly,
carboxyalkyl groups at 12-position of 8 and 9 drastically prolonged half-life. At the same time, carboxyl
groups of these prodrugs are useful for the increase of water-solubility. Unique structure bearing C-C bond
at C-12 position played a key role in remarkable prolonging half-life of the non acetal-type prodrugs. In
general, it was found that the half-life of non acetal-type analogs (165.12 to 386.88 hours) was 15-22 times
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longer than acetal-type analogs (10.98 to 23.50 hours) under simulated stomach acid condition (pH = 2.0 at 37
°C). Thus, non acetal-type prodrugs 5-7 have sufficient stability in simulated stomach acid for oral
administration. 8 and 9 have sufficient stability and good water-solubility in aqueous solution to have the
shelf-life that would be need for intravenous administration. It is noteworthy to mention thal in vitro
antimalarial activities of non acetal-type prodrugs $-9 against P. falciparum are comparable to eight to
nine times more active than those of acetal-type prodrugs 1-4. Non acetal-type deoxoartemisinin § (ICsq
= 0.15 ng/mL) and benzyldeoxoartemisinin 7 (ICso < 0.17 ng/mL) show 8-fold increased in vitro and
superior in vivo antimalarial activity as compared to artemisinin 1 (ICso = 1.21 ng/mL).6 10 n-
Butyldeoxoartemisinin 6! (ICso = 1.15 ng/mL) and carboxyalkyldeoxoartemisinins 8, 9 (ICso = 1.30 and
1.28 ng/mL.,, respectively)? show comparable activities to those of acetal-type artemisinin and artelinic acid 4
(ICsp = 1.38 ng/mL).5 Non acetal-type compounds § and 7 show comparable in vitro activity to that of
arteether 3 (ICso = 0.16 ng/mL)$ and nine times in vitro activity to that of acetal-type artelinic acid 4.5

In conclusion, we unambiguoesly demonstrated, for the first time, extraordinary increase (15 - 22 times) of
stability toward acid of non acetal (C-C)-type prodrugs of artemisinin as expected. Non acetal (C-C)-type
prodrugs, in particular, compounds §, 6 and 7 deserve further evaluation as drug candidates for oral
administration without formulation problem, while compounds 8 and 9 both for oral and intravenous
administration because of their high acid stability, good water solubility and comparable or higher antimalarial
activity than those of acetal (C-O)-type prodrugs.
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