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A new series of hydrolytically stable and water-soluble dihydroartemisinin derivatives with optically active side 
chains was prepared as potential antimalarial agents. This was an effort to prepare compounds with activity superior 
to that of artelinic acid and to examine the impact of the stereospecificity of the introduced alkyl side chain on 
biological properties. The ester derivatives (6a-d) possess superior in vitro activity to artemisinin, artemether, and 
arteether against two strains of Plasmodium falciparum (D-6 and W-2); however, conversion of the esters to their 
corresponding acids drastically reduces their antimalarial activity. None of the new acids possess in vitro antimalarial 
activity superior to that of artelinic acid. Although there appears to be limited stereospecificity for antimalarial 
activity among the acids (7a-d) tested, significant differences in antimalarial activity was seen among the esters. 

Artemisinin (qinghaosu, 1), a new clinically valuable 
antimalarial agent isolated from the plant Artemisia an
nua, is an unusual epidioxide containing sesquiterpene 
lactone.3"9 The lactol or hemiacetal form of the sesqui
terpene, dihydroartemisinin (2a), is also a potent, albeit 
relatively unstable, antimalarial.7b Because the utility of 
artemisinin as an antimalarial agent5"7'10"15 is limited by 
its low solubility in both oil and water, the sesquiterpene 
has been structurally modified by the formation of 
short-chain ether derivatives of 2a, such as artemether 
(2b)16"22 and arteether (2c).7b'23 Both of these derivatives 
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possess superior lipid solubility and antimalarial activities 
to the parent artemisinin.76 

OR 

2a: R = H (a + P) 

b: R = CH3 (P) 

c: R = CH2CH3 (p) 

d: R = C(0)CH2CH2COOH (a) 

COOH 

A water-soluble derivative of artemisinin, the sodium 
salt of artesunic acid (2d, the succinic acid half-ester de
rivative of dihydroartemisinin), can be administered by 
intravenous injection, a property that makes it especially 
useful in the treatment of advanced and potentially lethal 
cases of Plasmodium falciparum.,7c>12>24'25 Compound 2d 
is capable of rapidly reversing parasitemia and causing the 
restoration to consciousness of the comatose cerebral 
malaria patient. The utility of sodium artesunate, however, 
is impaired by its poor stability in aqueous solution due 
to the facile hydrolysis of the ester linkage.26 We have 
reported2 on a series of new water-soluble derivatives in 
which the solubilizing group, carboxylate, is on a moiety 
that is joined to dihydroartemisinin by an ether, rather 
than an ester, linkage. One of these derivatives, artelinic 
acid (3), is not only considerably more stable than artesunic 
acid in weakly alkaline solution but is also more active 
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Table I. Physical Properties of the Ester 6 and Acid 7 Derivatives of Dihydroartemisinin (2a) 

CH3 

compd 

6a 
6b 
6c 
6d 
6e 
7a 
7b 
7c 
7d 

R 

(fl)-CH2CH(CH3)COOCH3 

(S)-CH2CH(CH3)COOCH3 

(S)-CH(CH3)CH2COOCH3 

(fl)-CH(CH3)CH2COOCH3 

1-adamantylmethyl 
(i?)-CH2CH(CH3)COOH 
(S)-CH2CH(CH3)COOH 
(S)-CH(CH3)CH2COOH 
(i?)-CH(CH3)CH2COOH 

mp, °C 

63-65 
oil 
76-78 
oil 
145-147 
138-140 
118-120 
149-150 
gum 

formula 

C2oH3207 

C2oH3207 
C2oH32U7 
C2oH3207 
C26H40O5 

Cl9H3oU7 
W9H30O7 
Ci9H3o07 

C19H30O7 

TLC solvent 

EtOAc/Hex 1:2 
EtOAc/Hex 1:5 
EtOAc/Hex 1:3 
EtOAc/Hex 1:4 
EtOAc/Hex 1:4 
a 
a 
a 

Rf 

0.8 
0.5 
0.8 
0.5 
0.8 

yield, % 

60 
60 
56 
70 
60 
80 
90 
70 
61 

anal. 

C, H 
C, H 
C, H 
C, H 
C, H 
C, H 
C, H 
C ,H 
C, H 

0 Purified by recrystallization. 

against Plasmodium berghei in mice.2,27 Sodium artelinate 
possesses comparable antimalarial activity in vivo as well 
as in vitro to artemether or arteether. Because of its en
couraging chemical and biological properties, 3 is currently 
being subjected to preclinical testing. 

We report here in our attempt to find additional hy-
drolytically stable dihydroartemisinin derivatives with high 
antimalarial potency. A further goal in preparing this 
series was to examine the impact of stereospecificity of the 
introduced optically active ether side chains on therapeutic 
efficacy. 

Chemistry 
Dihydroartemisinin (2a) was prepared by sodium bo-

rohydride reduction of 1 according to a modified literature 
procedure2'3 and was converted to the new ether derivatives 
by treatment of 2a with an appropriate alcohol under 
boron trifluoride etherate catalysis at room temperature. 
The yields of the purified condensation products were 
60-70% (Table I). Minor byproducts, artemether (2b) 
and 9,10-dehydrodeoxoartemisinin (4), were also isolated 
in some of the reactions. The formation of 2b was dis
cussed earlier.2 It was observed that the yield of 4 in
creased when a secondary alcohol was used. For example, 
attempts to condense 2a with methyl 3-hydroxy-4,4,4-
trichlorobutyrate failed and gave, instead, a good yield of 
4. This observation suggests the involvement of the oxo-
nium ion (5) as the common intermediate for the observed 
products (cf. Scheme I). 

As the oxonium ion is a chemically reactive intermediate, 
either it reacted, once formed, with an alcohol to give the 
desired ether 6 or, in the absence of a nucleophile (alcohol), 
it tautomerized to 4. Because both reactions compete for 
the same oxonium ion and the rate of reaction of the ox
onium ion with the sterically hindered secondary or ter
tiary alcohols is slower than with the less hindered primary 
alcohols, tautomerization of the oxonium ion to 9,10-
dehydrodeoxoartemisinin (4) became a predominant re
action. This may account for the good yield of 4 when the 
reaction was carried out with methyl 3-hydroxytrichloro-
butyrate. Compound 4 has been reported to be the major 
product when triphenylmethanol was used.28 

An alternative mechanism, which was considered, for the 
formation of the desired ether 6a-d involves the reaction 
of the starting alcohol with 9,10-dehydrodeoxoartemisinin 

(27) Lin, A. J. Data to be published. 
(28) Li, Y.; Yu, P.; Chen, Y.; Li, L.; Gai, Y.; Wang, D.; Zheng, Y. 
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Scheme I 

(fl)-CH2CH(CH3)COOMe 
(S)-CH2CH(CH3)COOMe 
(S)-CH(CH3)CH2COOMe 
(fl)-CH(CH3)CH2COOMe 
CH2— 

7a: R = (fl)-CH2CH(CH3)COOH 
b: R = (S)-CH2CH(CH3)COOH 
c: R = (S)-CH(CH3)CH2COOH 
d: R = (R)-CH(CH3)CH2COOH 

(4); however, when purified 4 was treated with a primary 
alcohol under the catalysis of BF3-Et3, no reaction was 
observed. This result rules out the involvement of 4 as an 
intermediate in the formation of 6a-d. 

For a large-scale synthesis, compound 4 can be con
veniently prepared in 75% yield by the treatment of 2a 
with BF3-Et20 in ether solution at room temperature ov
ernight. A long range coupling (J = ~3.6 Hz) between the 
newly formed olefinic proton and the methyl group on C-9 
was observed. 

The major ether condensation products 6 were obtained 
in 60-70% yields and were identified as the /3 isomers by 
their small coupling constants between H-9 and H-10 (J 
= 3.6-5.0 Hz) (see Table II). Saponification of 6 with 
2.5% KOH/MeOH followed by acidification with cold 
dilute HC1 gave the corresponding carboxylic acid 7 (Table 
I). The identity of all products were established by *H 
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Table II. 'H NMR Data of Compounds 6a-e and 7a-d 

compd chemical shifts, 6 

Table IV. Antimalarial Activity of Dihydroartemisinin 
Derivatives against P. berghei in Mice 

6a 5.38 (s, 1 H), 4.76 (d, 1 H, J = 3.6 Hz), 3.95 (m, 1 H), 3.67 (s, 
3 H), 3.43 (m, 1 H), 2.64 (m, 1 H), 1.43 (s, 3 H), 1.16 (d, 3 
H, J = 7.2 Hz), 0.95 (d, 3 H, J = 6.3 Hz), 0.86 (d, 3 H, J = 
8.1 Hz) 

6b 5.38 (s, 1 H), 4.77 (d, 1 H, J = 3.6 Hz), 4.02 (m, 1 H), 3.66 (s, 
1 H), 3.47 (m, 1 H), 2.65 (m, 1 H), 1.43 (s, 3 H), 1.21 (d, 3 
H, J = 7.2 Hz), 0.94 (d, 3 H, J = 5.4 Hz), 0.87 (d, 3 H, J = 
7.2 Hz) 

6c 5.42 (s, 1 H), 4.90 (d, 1 H, J = 3.6 Hz), 4.37 (m, 1 H), 3.68 (s, 
3 H), 1.43 (s, 3 H), 1.16 (d, 3 H, J = 6.3 Hz), 0.94 (d, 3 H, 
J = 7.2 Hz), 0.87 (d, 3 H, J = 7.2 Hz) 

6d 5.42 (s, 1 H), 4.93 (d, 1 H, J = 4.5 Hz), 4.17 (m, 1 H), 3.66 (s, 
3 H), 1.43 (s, 3 H), 1.33 (d, 3 H, J = 6.3 Hz), 0.95 (d, 3 H, 
J = 5.4 Hz), 0.82 (d, 3 H , « / = 7.2 Hz) 

6e 5.31 (s, 1 H), 4.68 (d, 1 H, J = 3.6 Hz), 3.45 (d, 1 H, J = 9.0 
Hz), 2.83 (d, 1 H, J = 9.0 Hz), 1.39 (s, 3 H), 0.92 (d, 3 H, J 
= 2.7 Hz), 0.87 (d, 3 H, J = 7.2 Hz) 

7a 8.32 (br s, 1 H), 5.42 (s, 1 H), 4.80 (d, 1 H, J = 3.6 Hz), 4.00 
(m, 1 H), 3.51 (m, 1 H), 2.67 (m, 1 H), 1.44 (s, 3 H), 1.20 
(d, 3 H , J = 8.1 Hz), 0.94 (d, 3 H, J = 3.6 Hz), 0.88 (d, 3 
H, J = 7.2 Hz) 

7b 7.41 (br s, 1 H), 5.41 (s, 1 H), 4.80 (d, 1 H, J = 3.6 Hz), 4.03 
(m, 1 H), 3.49 (m, 1 H), 2.66 (m, 1 H), 1.44 (s, 3 H), 1.20 
(d, 3 H, J = 7.2 Hz), 0.95 (d, 3 H, J = 4.5 Hz), 0.88 (d, 3 
H, J = 7.2 Hz) 

7b 7.41 (br s, 1 H), 5.41 (s, 1 H), 4.80 (d, 1 H , J = 3.6 Hz), 4.03 
(m, 1 H), 3.49 (m, 1 H), 2.66 (m, 1 H), 1.44 (s, 3 H), 1.20 
(d, 3 H, J = 7.2 Hz), 0.95 (d, 3 H, J = 4.5 Hz), 0.88 (d, 3 
H, J = 7.2 Hz) 

7c 7.98 (br s, 1 H), 5.40 (s, 1 H), 4.85 (d, 1 H, J = 4.5 Hz), 4.27 
(m, 1 H), 1.36 (s, 3 H), 1.21 (d, 3 H, J = 5.4 Hz), 0.86 (d, 3 
H, J = 3.6 Hz), 0.80 (d, 3 H, J = 7.2 Hz) 

7d 8.03 (br s, 1 H), 5.43 (s, 1 H), 4.96 (d, 1 H , J = 3.6 Hz), 4.20 
(m, 1 H), 1.43 (s, 3 H), 1.35 (d, 3 H, J = 6.3 Hz), 0.95 (d, 3 
H, J = 5.4 Hz), 0.83 (d, 3 H, J = 7.2 Hz) 

Table III. 
falciparum 

1 
2a 
3 
4 
6a 
6b 
6c 
6d 
6e 
7a 
7b 
7c 
7d 

In Vitro Antimalarial Activities against P. 

no. 

chloroquine 
quinine 

IC50, 
Sierra Leone 

(D-6) 

2.35 
0.41 
4.07 
0.83 
2.15 
0.36 
1.91 
0.44 
2.70 

22.24 
28.72 
15.04 
36.47 

3.1 
3.61 

ng/mL 

Indochina 
(W-2) 

2.60 
0.69 
1.38 
0.43 
0.057 
0.015 
0.48 
0.071 
2.11 
5.32 
8.33 
7.43 
4.42 

43.60 
59.00 

NMR (Table II) and IR spectrometry and elemental 
analysis. 

Results and Discussion 
The water-soluble dihydroartemisinin derivatives and 

their ester precursors were tested in vitro against human 
malaria parasite, P. falciparum D-6 (Sierra Leone clone) 
and W-2 (Indochina clone). The former clone is a strain 
that is resistant to mefloquine, and the latter, to chloro
quine, pyrimethamine, sulfadoxine, and quinine. 

The in vitro test results indicate that the new deriva
tives, like the parent agents 1 and 2a, are not cross-re
sistant to any of the existing antimalarial agents (Table 
III). The derivatives are, in general, more effective against 
the W-2 than the D-6 strain. The esters (6a-d) possess 
superior activity to that of the parent compound 1, arte-
ether, and artemether. Conversion of the esters to their 
corresponding carboxylic acids drastically reduced their 

compd 

control 
1 

4 

6a 

6c 

6e 

dosage, mg/kg per day 

0 
6 4 0 X 3 
160 X 3 
80 X 3 
20 X 3 
640 X 3 
160 X 3 
80 X 3 
20 X 3 
320 X 3 
8 0 X 3 
20 X 3 
320 X 3 
80 X 3 
20 X 3 
320 x 3 
80 X 3 
20 X 3 

no. of mice cured" 

0/5 
5/5 
5/5 
2/5, 3/5 (A) 
0/5, 2/5 (A) 
4/5, 1/5 (A) 
1/5, 3/5 (A) 
2/5, 1/5 (A) 
0/5 
5/5 
1/5, 3/5 (A) 
0/5, 2/5 (A) 
5/5 
5/5 
1/5, 4/5 (A) 
3/5 
0/5, 5/5 (A) 
0/5 

" The terms cure and active (A) are defined in the Experimental 
Section. 

antimalarial activity by 10-100-fold and none of the latter 
possess superior antimalarial activity to artelinic acid (3). 
The olefinic compound 9,10-dehydrodeoxoartemisinin (4) 
is more active than artemisinin and is as active as di
hydroartemisinin (2a) (Table III). 

Significant stereospecificity was observed among the 
esters 6a-d; however, no difference was seen among the 
acids 7a-d. Between the two esters possessing the 2-
methylpropionate side chain, 6b is 4 times more effective 
than 6a against W-2 and is 7 times more active against D-6. 
Likewise, compounds 6c and 6d possessing the 3-
methylpropionate side chains showed stereospecificity. 
Compound 6d is about 5-7 times more effective than 6c. 
The results suggest that oxidative dealkylation of the alkyl 
side chain may be a prerequisite for the antimalarial ac
tivity. 

The superior antimalarial activity of the esters over the 
acids suggest that lipophilicity may play an important role 
in determining the antimalarial activity of this series. 
Since adamantyl function is known for its high lipophil
icity, compound 6e was prepared and tested side by side 
with esters to examine whether high lipophilicity, per se, 
will contribute to higher activity. Although compound 6e 
with a lipophilic adamantyl function was expected to be 
more lipophilic than 6a-d, its antimalarial activity is, 
nevertheless, 5-40 times lower than that of 6a-d. 

Since the in vitro antimalarial activity of the acids are 
weak and the number of ester derivatives synthesized was 
limited, only three compounds, 6a, 6c, and 6e, were se
lected for further testing in mice (cf. Table IV and Figure 
1). Compound 6c was the most active of the three esters 
inasmuch as the five mice that received either 320 or 80 
mg/kg per day (MKD) were judged to be cured (blood film 
negative for 60 days). Of the five mice that received 20 
MKD, only one was cured; however, the other four mice 
exhibited extended survival times. Compound 6a was the 
second most active compound with 5/5 mice receiving 320 
MKD being cured. Only one mouse was cured at 80 MKD, 
whereas, the remaining four had extended survival times 
(16.8 days). No mice were cured at the lower dose of 20 
MKD; however, they all had extended survival times. 
Compound 6e was the least active compound with only 
three mice cured at 320 MKD. The remaining mice did 
not have extended survival times. Toxicity was observed 
in all the mice at 320 MKD and marked skin lesions oc
curred at the site of drug injection. These lesions persisted 
for the duration of the 60 days. Mice receiving 80 MKD 
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Figure 1. Antimalarial activity of three dihydroartemisinin 
derivatives: 6a, 6c, and 6e. 

had ex tended survival (15.8 days) b u t no cures , whereas 
4 / 5 mice in t he 20 M K D group d id no t have e x t e n d e d 
survival t imes . 

When these t h r ee new d ihydroa r t emis in in analogues 
were compared with a r temis in in itself, only 6c was more 
active a t t he 80 M K D level. Ar temis in in h a d only two 
cures, whereas all five mice in this exper iment were cured 
with 6c. 

Since d ihydroa r t emis in in (2a) is a p o t e n t an t imalar ia l 
agent , one of the major factors in de termining the efficacy 
of i ts der iva t ives m a y be t he facility of oxidat ive deal-
kylat ion of t h e in t roduced s ide chain in t h e pa ras i t e s or 
t he hos t liver cells to regenera te t h e d ihydroar temis in in . 
T h e overall inferior antimalarial activity of the acid relative 
to the ester derivatives of dihydroar temisinin suggests the 
r e q u i r e m e n t of a high degree of l ipophil ici ty for a good 
antimalarial potency. T h u s far, the sodium salt of artelinic 
acid remains t he mos t act ive of t he water-soluble deriva
t ives of 2a t h a t we have p repa red . 

E x p e r i m e n t a l S e c t i o n 
Chemistry. All melting points were determined on a Thom

as-Hoover melting point apparatus and are uncorrected. Infrared 
spectra of solid samples were obtained in KBr disks on a Per-
kin-Elmer Model 283 spectrophotometer or Nicolet 20SXB FT-IR 
spectrometer. NMR spectra were run on a JEOL FX90Q spec
trometer using iN^Si as an internal standard. Elemental analyses 
were performed by Spang Microanalytical Laboratory, Eagle 
Harbor, MI, and the results were within 0.4% of the expected 
values, except where noted. Chromatotron Model 7924 T is 
manufactured by Harrison Research, 840 Moana Court, Palo Alto, 
CA. 

Condensation of Dihydroar temisinin (2a) wi th Alcohols. 
Dihydroartemisinin2 (2a, 0.5 g, 1.75 mmol) was dissolved in 70 
mL of anhydrous E t 2 0 . To the solution was added 5 mmol 
(excess) of an appropriate alcohol, followed by 0.25 mL of 
BF^E^O. The reaction mixture was stirred at room temperature 
for 24 h, washed successively with 5% aqueous NaHC03 and H 20, 
dried over MgSO,, and evaporated to dryness under reduced 
pressure. The resultant oil was purified by preparative TLC or 
by a Chromatotron TLC device, using EtOAc/hexane as the eluant 
(Table I). The 'H NMR data are as expected (Table II). The 
minor products 2b and 4 were also isolated from the reaction 
mixtures of 6c and 6d. 

Conversion of Es ters 6a-d to t he Corresponding Car-
boxylic Acids 7a-d. Ester 6 (1 g) was dissolved in 30 mL of 2.5% 
KOH/MeOH and allowed to stand at room temperature for 2 
days. To the solution, an equal volume of H 2 0 (30 mL) was added 
and the MeOH was removed under reduced pressure. Upon 
cooling in an ice bath, the aqueous solution was acidified with 
dilute HC1 and extracted 3 times with Et 20. The E^O extracts 
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were combined, dried over MgSO*, and evaporated to dryness. 
The residue was recrystallized from an appropriate solvent (Table 
I). 

9,10-Dehydrodeoxoartemisinin (4). To dihydroartemisinin 
(5 g) in 500 mL of anhydrous ether was added 0.5 mL of BFj-EtjO. 
The solution was stirred at room temperature overnight, washed 
successively with 5% aqueous NaHC0 3 and H 2 0 , dried over 
MgS04 , and evaporated to dryness. The resultant crystals were 
recrystallized from petroleum ether to give 4 g (85%) of 9,10-
dehydrodeoxoartemisinin (4): mp 95-97 °C (lit.28 mp 96-98 °C); 
NMR (CDC13) i 6.19 (br s, 1 H), 5.54 (s, 1 H), 1.58 (d, J = 0.9 
Hz, 3 H), 1.42 (s, 3 H), 0.99 (d, J = 3.6 Hz, 3 H); 13C NMR (CDC13) 
ppm 16.11, 20.17, 24.34, 25.75, 29.92, 34.04, 36.15, 37.40, 44.39, 
51.38, 78.84, 89.58, 104.41, 107.93, 134.91. 

Biology, (a) In Vitro Ant imala r ia l S tudies . The in vitro 
assays were conducted by using a modification of the semiauto-
mated microdilution technique of Desjardins et al.29 and Milhous 
et al.30 Two P. falciparum malaria parasite clones, designated 
as Indochina (W-2) and Sierra Leone (D-6), were utilized in 
susceptibility testing. They were derived by direct visualization 
and micromanipulation from patient isolates obtained by the 
Centers for Disease Control, Atlanta, GA, in 1980 and 1982, 
respectively. The patients had acquired infections either in 
Vietnam or Sierra Leone. The Indochina clone is resistant to the 
antimalarials chloroquine, sulfadoxine, pyrimethamine, and 
quinine, whereas the Sierra Leone is resistant to mefloquine but 
susceptible to chloroquine, quinine, sulfadoxine, and pyrime
thamine. Test compounds were initially dissolved in DMSO and 
70% ethanol and diluted in RPMI1640 culture medium with 10% 
human plasma to 400-fold. These solutions were subsequently 
further diluted with the Cetus Pro/Pet te (Perkin-Elmer Corp., 
Norwalk, CT) over a range of (1.56-100) X 10"9 M. Parasite 
inocula (at 0.5% parasitemia and a 1% hematocrit) were incubated 
for 24 h and added to equimolar concentrations of each test 
compound prior to the addition of [3H]hypoxanthine. After a 
further incubation of 18 h, particulate matter was harvested from 
each microtiter well using an automated cell harvester (Skatron, 
Inc., Sterling, VA). Uptake of [3H]hypoxanthine was measured 
with a scintillation spectrophotometer (Model LS3801, Beckman 
Instruments, Irvine, CA). Concentration-response data were 
analyzed by nonlinear regression and the ICso values (50% in
hibitory concentrations) for each compound were calculated. 

(b) In Vivo Ant imala r ia l Studies. The suppressive blood 
schizonticidal and curative activities of test compounds (6a,c,e) 
were determined in a test where mice were infected with 5.98 X 
105 P. berghei parasitized cells intraperitoneal^ on day 0. Test 
compounds were dissolved in peanut oil and were administered 
subcutaneously once a day for 3 consecutive days commencing 
on day 3. The dose levels of compounds given were 320, 80, and 
20 mg/kg per day. Blood films were taken on day 6 and then 
every 7 days until day 60. Blood schizonticidal activity was 
determined by monitoring blood films for the appearance of 
parasites and for extended survival times compared to infected 
untreated controls. Mice surviving 60 days were considered cured. 
The infected untreated control mice (negative controls) died on 
either day 6 or 7. Compounds were considered active when the 
survival time of the treated mice was greater than twice the control 
mice, i.e., 12-14 days. 
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