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Summary — Various ethers and thioethers of dihydroartemisinin were prepared by treating dihydroartemisinin with hydroxy alkyl,
substituted phenol, hydroxy aralkyl, hydroxy alkynyl and hydroxy heteroalkyl or thiols in the presence of BF;Et,0. The thioethers 64
and 65 were further oxidised to the respective sulfoxides. These derivatives were tested in the Plasmodium berghei K-173-infected
mice and some active compounds were tested in chloroquine-resistant P yoelii nigeriensis (NS)-infected mice. Initially the compounds
were administered subcutaneously and subsequently by the oral route. The antimalarial activity of the compounds 22, 23, 36, 66 and
79 were found to be comparable to that of arteether when tested in the K-173-infected mice. These compounds also showed activity in

the Py nigeriensis (NS)-infected mice.
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Introduction

Malaria has become epidemic because of the increasing
numbers of chloroquine-resistant malaria cases [1].
Any newly discovered medicament should be active
against chloroquine-resistant malaria and itself should
not induce resistance. Although the first problem can
be tackled, the second may be difficult to solve. How-
ever, it could be overcome with the use of different
combinations of available antimalarial drugs [2, 3]. In
this connection, the synthesis of new antimalarials
with a novel mode of action becomes essential.
Artemisinin [3-8], which is isolated from the leaves
of the plant Artemisia annua, showed very potent ac-
tivity especially in the case of cerebral malaria [9].
Unfortunately, its poor solubility in water or oil has
hampered further development. A search for a new
preparation with a better therapeutic index and good
solubility and bioavailability has become the prime
target of many laboratories around the world [10-15].
An extensive structural modification of artemisinin to
prepare ether derivatives of dihydroartemisinin has
been reported in the literature [11, 16, 17]. Herein we
wish to report the preparation of a series of new ethers
of dihydroartemisinin, some of which possess potent
antimalarial activity on oral administration in mice.
We also report a series of new thioethers of dihydro-
artemisinin, as there is no report on thioethers of di-
hydroartemisinin in the literature. The thioethers

discussed here were prepared to study their efficacy
against Plasmodium berghei K-173 in the mice model.

Chemistry

Reduction of artenisinin (A) with excess sodium
borohydride in methanol at 0-5°C gave dihydro-
artemisimin [14] (B) in 80% yield as reported pre-
viously. Treatment of dihydroartemisinin (B) with a
variety of oxygen or sulfur nucleophiles in the
presence of BF,Et,O gave the corresponding ether or
thioether derivatives (scheme 1). In all cases a mixture
of two isomers were formed, as seen from their proton
NMR spectra; they were separated using a flash silica
column chromatography. The configuration at the
C-10 position of the ethers and thioethers was assigned
based on the vicinal couplings [12] J,,,. The large
coupling constant between protons at positions 10 and
9 in the case of the a series, Jyuus = 9.6 Hz, indicates
that the relative configuration at the positions 10 and 9
is trans. Similarly in the case of the { series the confi-
guration at the positions 10 and 9 is cis. In the
o-series the signals due to OCH, and H,, appear
upfield compared with those in the f-series.

The aminoalcohols 2-4 were prepared from the
epoxide 1 and the aminoethoxy derivative 14 was
prepared from the phthalamido derivative 11. Hexa-
2,4-diyne-1,6-diol reacted with two moles of dihydro-
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artemisinin (B) to give the bis-adduct 21 (scheme 2).
A system of the type (E) (scheme 3), in which the
artemisinin unit is attached to a liphophilic group
through a pharmocophore and a spacer, is of interest.
The pharmocophore could be a heterocycle, namely,
isoxazole. In this regard, compounds 37—47 were
prepared using the corresponding isoxazole deriva-
tives, which in turn were prepared using dipolar
cycloaddition rections.

Isoxazole (D) was prepared as shown in scheme 3.
The cyclo adduct (C) underwent a ring-opening reac-
tion to give 4-substituted isoxazole (D), thus provi-
ding an easy access to the synthesis of 4-functiona-
lised isoxazoles [18]. Dihydroartemisinin (B) reacted

with the isoxazole (E) to give the product 46 from
which the acid derivative 44 was prepared by hydro-
lysing ester 46 using 0.1 N NaOH solution in metha-
nol. Bromohydrin [19] 57 was prepared from the
olefin (F) (scheme 4), which in the presence of
BF,Et,0 and either alcohol or thiol underwent nucleo-
philic substitution to give the derivatives 58, 59, 62,
85 and 86. In this connection bromoarteether 62 was
also prepared. Refluxing the ethers 58 and 59 with
nBu,SnH/AIBN in toluene gave the radical-initiated
cyclic products 60 and 61 respectively {20] (scheme 5).

The thioethers 63-89 were prepared using the
respective thiols in place of alcohols. In most of the
cases the a- and B-diastereomers were separated using
flash silica column chromatography. Sulfoxides 67
and 68 were prepared by the oxidation of the respec-
tive thioethers 64 and 66. a,o'-Dimercapto-m-xylene
reacted with two moles of dihydroartemisinin (B) to
give the bis-adduct 77. Compounds with an amino
group were treated with either ethereal HCI or maleic
acid to give the corresponding water-soluble salt.
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Scheme 5. a: n-Bu,SnH./AIBN.

Table L. Synthesis of 10-ether derivatives of dihydroartemisinin.
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Compounds containing a free carboxylic acid were
treated with aq NaHCO, to give the corresponding
sodium salt of the free acid which were tested for anti-
malarial activity. Aromatic thiols, heterocyclic thiols
were also used as nucleophiles to give the correspon-
ding thioether derivatives. The physical data of the
compounds described herein are given in the tables I
and IL

Biological results and discussion

All the compounds were initially tested in mice infected
with P berghei K-173 strain which is sensitive to chloro-
quine, at a dose of 5 mg/kg x 5 by the subcutaneous
route. The active compounds were tested at a lower
dose by the same route and also by the oral route at

Compound 10-R Isomer  Mp (°C)  Solvent* Yield (%) MF
OCH,CH, B 80 75 Ref [9]
1 OCH,CH-CH, B 55-57 25 C4Hy0,
0]
2 [1-(4-Methyl)piperazinyl JCH,CH(OH)CH,O P oil 41 C.H,NOH,O
3 OCH,CH(OH)CH,NEt, B 0il 70 C,-H:,NO,HCIH,0
4 (1-Piperidinyl)CH,CH(OH)CH.O B oil 40 C»H.NO('1/2H,0
5 OCH,CH,0CH,CH,0H B 95-97 B 38 CoH1,0,
6 OCH,CH,0CH,CH,OH o oil 19 C,sH,,0,
7 OCH,CH(OH)CH, B3 0il 30 C:H;,0-2H,0
8 OCH,CH(OH)CH, o Oil 11 C.sH3,0¢
9 OCH,CH.CH,0H B 74-75 B 21 C.H, 0,
10 OCH,CH,CH,0H a 0il 10 CsH3,04
11 OCHZCH2N<ZZ:© 8 139 C/E 25 C,:H,NO,
_co !
12 OCH,CHZN\COI)/‘ B 150-152 C/E 32 C,sH,,CINO,
,C
13 OCHzN*co a+f Oil 27 C,,H,,)NO,
14 OCH,CH,NH, B 0il 40 C,-H,NO;
15 OCH,CH,CH,NH, maleate B 138-140 D/E 22 C,:Hi:NO,
16 OCH(CH,)CH,CH.NH, maleate o+ 92-94 E 20 C,;H,;NO,H,0
17 (1-Piperidinyl)CH.CH.O B 62-64 A 59 C,,H,;NO;
18 OCH,CH(CH.CH,)NH, maleate B oil 18 C,.H,,NO,
19 [1-(4-Methybpiperazinyl |CH,CH,O B 71-73 B 71 C,HxN,O;




700

Table 1. (Continued.)

Compound 10-R Isomer  Mp (°C)  Solvent* Yield (%) MF
20 OC(CH;}(C,H;)C=CH B 0il 40 C,;H,Os

21 (OCH,C=C),C;sH.,0, B 162-164 B 25 CisHy0y

22 OCH(CH,)C=CH B 91-93 B 35 C,H3Os5

23 OC(CH,),C=CH-1/2H,0 B 58-60 B 57 C,H;3,05-H,0
24 [4-(HOOC)HC=CHC,H,]-O- f 146-148 C/B 79 CH3,0,1/2H,0
25 [4-(EtOOC)CH=CHCH,}-O- a+p  137-139 B 19 CoeH,,0,

26 OCH,CH=CHCH; &) Oil 57 C,.H,05

27 OCH,NHCOCH,C H; o+p 163-164 B 12 C,.H;3NOg
28 (4-CICH,)CH,CONHCH,O- a+f 158-160 B 10 C,H;,CINOg
29 OCH,COCH, 3 106-107 B 24 CsH1004

30 OCH(CH;)COCH;, B 0il 25 CH;3,04

31 (4-CICH,)-O- 3] 58-60 B 35 C,,H,,ClO;
32 (4-COCH,CH,)-O- B 0il 35 C,;:H,,04H;0
33 (4-COOCH;C.H,)-0O- a+p 145-147 C/B 50 C,:H30;

34 (4-COOHCH,)-O- a+f 167-171 C/B 76 C,,H0;

35 (4-NH,CH,)CH,CH,0- B 152-154 E 26 C,;H;,NO;
36 (4-OCH,C=CHCH,)-0O- B 0il 25 C.H3, O

37 (4-[3-(4-CIC(H,)]Isoxazoly)CH,CH,CH,0- « 0il 63 C,H;,CINO;
38 (4-[3-(4-NO,C H,)|Isoxazolyl)CH,CH,CH,O- « 0il 35 C,:Hy;N,Oq
39 (4-[3-(4-NO,CH ) |Isoxazolyl)CH,CH,CH,0- £ Oil 40 CH1N,Oq
40 (4-[3-Br]lsoxazolyl)CH,0- B Oil 63 C,oH:BrNO,
41 (4-[3-Cl]Isoxazolyl)CH,0- B 106 B 53 C,0H,sBrNO¢1/2H,0
42 (4-[3-(4-CF,CH)Isoxazoly)CH,O- f3 117-118 C/B 37 C,sH3oFsNOg
43 (3-[5-COOCH,]Isoxazolyl)-O- 96-98 A 50 C,H,;;NOy
44 (4-[3-(4-COOHCH,)|Isoxazoly)CH,O- o« +p  150-152  C/B 99 CyeH; NO,
45 (4-[3-(4-CIC4H,)JIsoxazolyl)CH,CH,O- B 146-148  C/B 70 C,sH,,CINO,
46 (4-[3-(4-COQEtC H,)]Isoxazolyl )CH,O- B 142-143 C/B 55 CsHisNO,

47 {4-[3-(4-CIC,H,)]Isoxazolyl)CH,O- B Oil 47 C,sH,,CINOg
48 OCH,CH,0COC(CH,)=CH, B Oil 40 C, H3,0,

49 OCH,CH,O0COCH=CH, B Oil 50 CyH3,0,

50 (1-Piperidinyl)CH,CH(CH,)COOCH,CH,0- B Oil 40 C,H.:NO,
51 (1-Piperidinyl)CH,CH,COOCH,CH,0- 3] 0il 57 C,sH,NO;
52 OCH2CH2H21~{Z Z@ B 47-49 B 50 C,sH,,NO,
53 OCH,CH,CN B 137-138 C/B 67 CsH;yNO,
54 (3-[6-Cl-Pyridazinoxy yCH,CH,O- B 80-82 B 60 C,;H,,CIN,Oq
55 (3-[6-Cl-Pyridazinoxy|)CH,CH.O- a Oil 40 C,;H2sCIN, O,
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Compound 10-R Isomer Mp (°C)  Solvent® Yield (%) MF
56 OCH[CH,OCH(CH.,),], B oil 39 Cy:H20,
63 SC,H; a 51-54 A 48 C,7H50,S
64 SC,H, B 95-97 A 35 C;H»0,S
65 S-Cyclohexyl B 107-109 B 10 C,H:,0.8
66 S-Cyclohexyl a 98-100 B 62 C,;H5,0,S
67 S(O)CH,CH, B 112-114 A 85 C,-Hy0:8
68 S(O)C H,, 126-128 C/B 57 C, H,,058
69 S-B-Naphthyl B 113~115 A 20 C,sH3,0,S
70 SCH,-a-Naphthyl B 153-155  C/B 20 CpH,20,S
71 S-fB-Naphthyl a 144-145 B 20 C,sH3,0,S
72 (4-COOHCH,)-S- § 63-65 C/B 25 C,,H50,5-1/2 H,0
73 (2-COOCH,C,H,)-S- a 145-147 B 11 CyHy0S
74 (2-COOCH,C H,)-S- p 152-153 B 35 C,3H;5,06S
75 (4-COOCH,C,H,)-$- o 130-131 A 20 Cy3H06S
76 (2-COOCH,C,H,)-S- B 135-137 A 42 Cy3H3004S
o
TN
77 SCHZCOmCHz&Qﬂj_m a+p 0il 10 C1sHs,S,041/2 H,0
&n,
78 SC.H; p 95-97 B 22 C,H»0,S-1/2 H,O
79 SCH; a 85-87 B 30 C,,H»0.,S
80 SCH,COOH B 103-105 B 47 C;H»%S0q
81 SCH,CH,COOH B 0il 43 C,sH,:SO4H,0
82 SCH,CH,OH a 0il 41 C;H.058
83 SCHZCHZN:EZ@ a+f Qil 43 C,sH;, NO(S-1/2 H,O
84 (2-FuryD)CH.S- a+p 90-92 A 48 CH,505S
87 SCH,CH=CHC,H; 145-147 C/B 7 C,,H;,0,8
88 SCH(CH,), o+ p 0il 75 CHsS0,
89 SCH,CH,NH, maleate Qil 28 C, H;;:NOGS-1/2 H,0

2A: n-pentane; B: petroleum ether; C: methylene chloride; D: ethyl acetate; E, diisopropyl ether.

20 mg/kg x 5 doses. Compounds 22, 23, 36, 66 and 79
were tested against the chloroquine-resistant P yoelii
nigeriensis (NS) strain for further evaluation. The
antimalarial activity of the test compounds was
compared with that of chloroquine and arteether. If the
compound was found to be active 7d later (d + 7), the
treated animals were observed for parasitaemia and

mortality on d + 14, d + 21 and d + 28 as reported by
Raether and Fink [21]. This method gives a clear idea
of whether a particular compound has shown recru-
descence. The antimalarial activities of the com-
pounds showing good activity are given in table III.
Among the 89 compounds tested, 24 showed total
clearance of parasites from the blood smear on d + 7.
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Table I, Synthesis of 9- and 10-disubstituted dihydroartemisinin derivatives.

Compound  10-R 9-R, Mp (°C) Solvent® Yield (%) MF

57 OH Br 124-125 A 79 C,sH,;BrO;
58 OCH,C=CH (f) Br 114-115 A 72 C,sHyBrO;
59 OCH,CH=CH, () Br 107-108 A 61 CsHyBroOs
60 (Scheme 5) 137 A 82 C1sHa60s

61 (Scheme 5) 125-128 A 75 CsH»,0;

62 OC,H; Br 120-122 A 70 C,7Hx,BrO;
85 SC,H; Br 120121 A/B 20 C,sH;,BrO,S
86 SC.H; Br 130-132 A 56 C,H,,BrO,S

“A: petroleum ether; B: ethyl acetate.

Table HI. Blood schizonticidal activity of 10-ether and 10-thioether derivatives against P berghei K-173 (strain sensitive to
chloroquine) and P y nigeriensis NS (strain resistant to chloroquine) in Swiss mice.

Compound Dose (mglkg x 5 )— ) Route K-173 NS

Parasitaemia Percentage Parasitaemia Percentage
(%)ond+ 7% curedond+ 28 (%)ond+ 7* curedond + 28

Chloroquine 10 sc 0 29/36(81) - -
5 sc 0 8/27(29) - -
12.5 po 0 39/39(100) - ~
50 po - - > 50 0/22(0)
Arteether 10 sC - - 0 5/6(83)
5 sc 0 13/16(81) 10 0/6(0)
25 sc 0 26/36(72) - -
20 po 0 15/28(54) - -
12 10 sc 0 5/6(83)
13 30 sc 0 4/6(67)
20 5 sC 0 4/6(67)
22 5 s 0 6/6(100) 0 11/12(91)
25 sc 0 10/11(91)
20 po 0 5/5(100)
23 5 sC 0 10/10(100) 0 0/6(100)
2.3 sC 0 10/10(100)
20 po 0 5/6(83)
30 5 sC 0 6/6(100)
32 5 sc 0 4/6(67)
36 s sc 0 10/10(100) 0 6/10(60)
2.5 sc 0 1/6(17)
20 po 1 2/6(33)

38 5 s 0 4/4(100)
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Compound Dose (mglkg x 5) Route K-173 NS
Parasitaemia Percentage Parasitaemia Percentage
(%)ond+7* curedond+ 28 (%)ond+ 7 curedond + 28°
40 5 sc 0 5/6(83)
41 5 sc 0 4/6(67)
47 5 sc 0 3/6(50)
20 po 0 5/7(71)
52 S s¢ 1 1/6(17)
56 5 s¢ 0 4/6(67)
63 5 sc 0 8/12(67)
20 po 0 8/9(89)
64 5 sc 0 5/6(83)
20 po 0 1/5(20)
65 5 sc 0 1/6(17)
66 5 sC 0 11/12(91) 0 16/18(89)
20 po 0 6/18(33)
76 5 sc 0 3/5(60)
77 5 sc S 2/6(33)
78 5 sc 0 3/6(50)
79 5 sc 0 11/11(100) 0 4/6(66)
2.5 sc 0 19/21(90)
25 po 1 11/11(100)
83 5 sc 0 9/11(81)
84 5 sc 0 2/7(28)

Infected untreated control mice died between d + 6 and d + 8. At that time the average parasitaemia was > 70%. *Average
percentage parasitaemia. PNo of mice cured/No of mice treated.

These 24 compounds were tested at lower doses of
2.5 mg/kg x 5 sc and the compounds 22, 23, 36, 66
and 79 showed excellent antimalarial activity. The
compounds 22, 23, 66 and 79 showed good antimala-
rial activity against the chloroquine-resistant NS
strain. Two compounds, 22 and 23, had even better
activity than arteether against sensitive and resistant
strains. The compounds 1-19, 21, 24-29, 31, 33-35,
37, 39, 42, 43, 48-51, 53-55, 57-62, 67-75, and
80-82 were found to be inactive at 5 mg/kg x 5 sc on
d + 7 and were excluded from further studies. In the
thioether series, the a-isomers (compounds 66 and 79)
showed better activity than the corresponding
B-isomers whereas in the ether series, the B-isomers

(compounds 22, 23 and 36) showed better activity
than the corresponding a-isomers. Further evaluation
of the activity of compounds 22 and 23 is underway.

Experimental protocols
Chemistry

All melting points were determined on a Thomas—Hoover
capillary melting point apparatus and are uncorrected. 'H NMR
spectra were run on a Jeol FX90Q spectrophotometer using
Me,Si as an internal standard. Analysis were performed on a
Heraeus microelemental analyser.
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Isolation of artemisinin

Around 250 kg of dried leaves harvested from the plant
A annua was extracted with petroleum ether (30-60°C). Purifi-
cation using column chromatography over silica gel yielded
around 40 g of the pure artemisinin [4-6] (mp 152°C, yield
0.006%), which was used for the preparation of the derivatives
reported herein.

Preparation of dihydroartemisinin
Dihydroartemisinin was prepared according to a previously
reported procedure [13].

Preparation of 10-[1-(2-hydroxyethoxy)ethoxydihydroartemisi-
nin 5 and 6

To a solution of dihydroartemisinin (0.1 g, 35 mmol) and bis-
hydroxy ethyler (1 mi) in 15 ml chloroform was added
BF;Et,0 (3 drops) at 0°C. After the addition, the mixture was
stirred in an ice-bath for an additional 15 min. The reaction
mixture was then diluted with water and extracted with chloro-
form. The organic layer was washed with water, dried and
concentrated. The crude product was passed through a flash
column of silica gel and elution with ethyl acetate/petroleum
(1:1) initially gave the B-isomer § as a solid, mp 95-97°C;
yield 49 mg, 38%. 'H NMR (CDCl,) 6 542 (s, 1H, H,,,), 4.8
{d,J = 4.5 Hz, 1H, H,g), 3.75 (m, 8H, CH,). Anal (C,,H,,0,) C,
H

Further elution with ethyl acetate/petroleum ether (1:1) gave
the corresponding o-isomer 6 as an oil, yield 25 mg, 19%. 'H
NMR (CDCl) 6 5.24 (s, 1H, H,,,), 4.45 (d, J = 9 Hz, 1H, H ),
3.6 (m, 8H, CH,). Anal (C;sH;,0;) C, H.

Preparation of 10-B-{(2,3-oxopropan-1)-oxy[dihydroartemisinin 1
The above reaction was carried out using 2,3-oxo-1-propanol
in place of hydroxy ethylether. The crude product was passed
through a flash column of silica gel to get pure B-isomer 1 as a
solidp 55-57°C, Yield 30 mg, 25%. 'H NMR (CDCl,)  5.38
(s, 1H, H,;,), 4.8 (br d, 1H, H,,), 4.2 (dd, 1H, OCH,), 3.72 (d,
J = 3.8 Hz, 1H), 3.4 (m, 1H), 3.14 (m, 1H), 2.7 (m, 4H). Anal
(Cy5H3506) C, H.

A solution of 10-f-propanepoxide 1 (0.1 g, 0.3 mmol) and
diethylamine (0.5 ml) in chloroform (10 ml) was stirred at
room temperature for 1 h and then heated at 50°C for 1 h. After
the completion of the reaction, the mixture was poured onlto ice
and extracted with dichloromethane, washed with water, dried
and concentrated. The crude product was passed through a
flash column of silica gel and on elution with chloroform/
methanol (95:5, gave the required product as an oil. The crude
product was dissolved in dry ether and ethereal hydrochloric
acid was added dropwise until the solution was acidic. Excess
hydrochloric acid and the solvent were removed from the
mixture and dried to give the product 3 as an oil, yield 96 mg,
70%. 'H NMR (CDCl) 8 540 (s, 1H, H,,,), 4.80 (d, J =
3.6 Hz, 1H, H,,), 3.79 (m, 3H, OCH,), 3.43 (m, 2H, CH,), 2.2
2.8 (m, 12H, NEt,, CHOH). Anal (C,.H,,NO,HCIH,0) C, H,
N, ClL

Preparation of 10-pB-aminoethoxydihydroartemisinin 14

To a solution of dihydroartemisinin (0.1 g, 0.3 mmol) with
hydroxy phthalimide (250 mg, 1.25 mmol) in chloroform (5
ml) was added BF;Et;0 (4 drops). The product 11 was isolated
as described in the preparation of 6 as a solid, mp 139°C, yield
42 mg, 25%. 'H NMR (CDCl,) 8 7.6-7.72 (m, 4H, Ar), 5.24 (s,
1H, H,,,), 474 (d, J = 3.8 Hz, 1H, H);), 3.98 (m, 4H, OCH.).
Anal (C,sH3,NO;) C, H, N.

To a solution of phthalimido derivative 11 (45 mg,0.1 mmol)
in absolute ethanol (3 ml) was added 99-100% hydrazine
hydrate (0.2 ml) and the reaction mixture was stirred at room
temperature for 1 h. After completion of the reaction, the reac-
tion mixture was heated in diisopropyl ether and filtered. The
filtrate was washed with water and concentrated. The crude
product was passed through a column of silica gel and upon
eluting with diisopropyl ether/isopropanol (85:15) gave the
product 14 as an oil, yield 13 mg, 40%: 'H NMR (CDCl;) §
5.38 (s, 1H, H;,)), 4.7 (d, J = 3.6 Hz, 1H, H,,), 3.8 (m, 2H,
OCH,), 3.4 (m, 2H, NCH,). Anal (C;;H,tNO;) C, H, N.

Preparation of hexa-2,4-diyne-1,6-dioxydihydroartemisinin 21
Following the procedure described in the preparation of 6,
using hexa-2,4-diyne-1,6-diol in place of bis-hydroxy ethyl-
ether, compound 21 was obtained as a solid, mp 162-164°C,
yield 57 mg, 25%. 'H NMR (CDCl,) 8 5.34 (s, 1H, H,,,), 4.9
(d,J = 2.5 Hz, 1H, Hy,), 4.36 (s, 4H, CH,). Anal (C3sH;,0,y) C,
H.

Preparation of isoxazoles (D}

Reaction of propargyl alcohol, dihydrofuran and dihydro pyran
with nitrile oxide (prepared in situ) were carried out in the
usual way. To a suspension of the tetrahydropyran (C) (X = Cl)
(50 mg, 0.21 mmol) in methanol, conc HCI (1 ml) was added at
5°C. The reaction mixture was brought to room temperature
and left for 1 h. The reaction mixture was poured in water and
extracted with chloroform, washed with water and concentrated
to give the crude product which was purified by passing
through a column of silica gel and eluting with ethyl acetate/
petroleum ether (1:4). An analytical sample of (D) (X + Cl)
was prepared by crystallising the column product from ethyl
acetate/petroleum ether, mp 57°C, yield 47 g, 94%. 'H NMR
(CDCl;) b 8.2 (s, 1H, Hs), 3.63 (dt, J = 9 Hz, 3.5 Hz, 2H,
OCH,), 2.6 (t,J = 10 Hz, 2H, CH,), 1.8 (m, 2H, CHy,), 7.26 (d,
J =1 He, 2H, ArH), 7.46 (d, J = 12 Hz, 2H, ArH). Anal
(C\:H,,CINO,;) C, H, N, (1

The procedure described for the preparation of 6 was fol-
lowed using the hydroxyalkyl isoxazole (D) (X = Cl) in place
of hydroxy ethylether. The crude product was passed through a
column of silica gel and upon elution with ethyl acetate/petro-
leum ether gave the required compound 37 as an oil, yield
110 mg, 63%. TH NMR (CDCl,) 6 8.23 (s, 1H, isoxazole H),
7.48 (dd, J = 7.7 Hz, 4H, Ar), 5.26 (s, 1H, H,,,), 472 (d, J =
3.8 Hz, 1H, H,g), 3.86 (m, 1H, OCH), 3.41 (m, 1H, OCH), 2.62
(m,4H, CH,). Anal (C;7H;,CINO,) C, H, N, CL.

Similarly, product 46 was obtained as a solid, mp 142~
143°C, yield 100 mg, 55%. 'H NMR (CDCl;) & 7.94 (dd, 4H,
Ar), 6.52 (s, 1H, isoxazole H), 542 (s, 1H, H,,,), 4.92 (d,J =
3.8 Hz, 1H, H,,), 4.8 (dd, 2H, OCH.), 4.38 (g, 2H, CH,CH,),
1.4 (t, 3H, CH;). Anal ({CxH;sNOg) C, H, N,

Upon treatment with aqueous 0.1 N KOH, compound 46
gave the potassium salt of the corresponding acid 44 from
which the free acid was isolated by neutralising the salt to pH 7
using dilute acetic acid. Treatment of the acid with aq sodium
bicarbonate gave the sodium salt which was submitted for the
biological testing.

Preparation of 10-B-acrylethoxydihydroartemisinin 49
Following the procedure described for the preparation of 6
using hydroxy ethylacrylate in the place of bis-hydroxy ethyl-
ether, compound 49 was obtained as an oil, yield 67 mg, 50%.
'H NMR (CDCl;) 6 5.36 (s, 1H, H,,,), 4.78 (d, J = 5 Hz, Hyy),
6.1 (m, 3H, olefinic H), 3.87 (m, 4H, OCH,). Anal (C,H,,0,)
C H.



Though the corresponding a-diastereomer was detected by
TLC and 'H NMR, it was found to be negligible and was not
isolated. A solution of 10-f-acrylate 49 (25 mg, 0.05 mmol) in
piperidine (1 ml) was heated at 60°C for 3 h. After completion
of the reaction, the mixture was poured onto ice and extracted
with chloroform. The organic layer was washed with water,
dried and concentrated. The crude product was passed through
a column of silica gel and on elution with ethyl acetate/petro-
leum ether (1:3) gave product 51 as an oil, yield 12 mg, 37%.
IH NMR (CDCl;) 6 5.36 (s, 1H, H,,,), 4.76 (d, J = 3 Hz, 1H,
H,,), 3.89 (m, 6H, OCH,), 2.48 (m, 4H, NCH,), 2.06 (m, 2H,
CH,). Anal (C;sH,NO;) C, H.

Preparation of 10-ethoxy-9-bromodihydroartemisinin 62
To a solution of bromoacetal [19] 57 (20 mg, 0.06 mol) in
chloroform (3 ml) and ethanol (4 drops), was added BF;Et,O
(3 drops) at 0-5°C and the reaction mixture was heated at 50°C
for 10 h. After the completion of the reaction, the mixture was
extracted with chloroform, washed with water, dried and
concentrated. The crude reaction mixture was passedthrough a
flash column of silica gel and elution with ethyl acetate/petro-
leum ether (5:95) gave product 62 as a solid, mp 120-122°C,
yield 15 mg, 70%. 'H NMR (CDCl;) 8 5.44 (s, 1H, H,;,), 4.80
(s, 1H, Hyy), 3.75 (m, 2H, CH,), 1.3 (t, 3H, CH,). Anal
(C,;H,,Br0s). C, H, Br.

9-Bromo-thioether 86, 9-bromo-10-allylether 59 and
9-bromo-10-propargylether 58 were prepared using the corres-
ponding thiols or alcohols in place of ethanol in the above reac-
tion. In some cases both 10-o- and 10-B-derivatives were isola-
ted but the stereochemistry at the 9-position was not confirmed.

Radical cyclisation reactions [20] compounds 58, 59, 62 and 86
To a solution of 9-bromo-10-f-propargyloxydihydroartemisi-
nin 58 (50m g, 0.13 mmol) in dry toluene (5 ml), were added
AIBN (8 mg, 63 mmol) and tributyltin hydride (0.15 ml,
0.15 mmol). The reaction mixture was refluxed for 20 h. Usual
work-up followed by passing the crude product through a flash
column of silica gel gave the pure product 60 as a solid,
mp 137°C, yield 33 mg, 82%. 'H NMR (CDCl,) 6 5.56 (s, 1H,
Hys), 5.45 (s, 1H, Hy3), 5.08 (t, 1H, olefinic H), 4.72 (1, 1H,
olefinic H), 4.4 (two d, J = 7 Hz, 2H, H,,),1.42 (s, 3H, 3-CH,),
1.4 (s, 3H, 9-CH;), 1.0 (bd, 3H, 6-CH,). Anal (C,;H,0:) C,
H.

Under similar conditions the compound 59 gave compound
61. In contrast, compounds 62 and 86 gave arteether and di-
hydroartemisinin (F) respectively under similar conditions.

Preparation of 10-a-ethanethiodihydroartemisinin 63 and 10-
B-ethanethiodihydroartemisinin 64
To a solution of dihydroartemisinin (0.5 g,1.75 mmol) and
ethanethiol (0.26 ml, 3 mmol) in 25 ml chloroform, was added
BF,Et,O (8 drops) at 0°C. The mixture was then stirred in ice
bath for an additional 15 min. The reaction mixture was then
diluted with water and the organic layer that separated was
washed thoroughly with water, dried and concentrated to obtain
an oil which was passed through a column of silica gel. Elution
with petroleum ether/ethyl acetate (9.5:0.5) gave the B-isomer
64 as a solid, mp 95-97°C, yield 200 mg, 35%. 'H NMR
(CDCly) & 5.56 (s, 1H, H,},), 5.24 (d,J = 3.8 Hz, 1H, H)(), 2.7
(9, J = 6.4 Hz, 2H, SCH,), 1.3 (1, 3H, CH;). Anal (C;H»0,S)
Further elution of the column gave the a-isomer 63 as a
solid, mp 51-54°C, yield 276 mg, 48%. 'H NMR (CDCl,) 8 5.2
(s, 1H, H,,,), 446 (d,J = 10.2 Hz, H,,), 2.73 (q, 2H, J = 6.4 Hz,
CH,), 1.3 (1, 3H, CH,). Ana: (C,-H,;0,S) C, H, S.
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Preparation of 10-B-ethylsulfoxodihydroartemisinin 67

To a solution of 10-B-ethylthio derivative 64 (2 mg, 0.06
mmol) in methylene chloride (3 ml) was added meta-chloroper-
benzoic acid (9 mg, 0.1 mol) and the reaction mixture was stir-
red at 0-5°C for 2 h. After completion of the reaction, the
mixture was diluted with methylene chloride, washed with aq
FeSQ,, washed with water, dried and concentrated. The crude
product was passed through a column of silica gel and on
elution with ethyl acetate/petroleum ether (1:1) gave product
67 as a solid, mp 112-114°C, yield 18 mg, 85%. 'H NMR
(CDCl,) 6 5.30 (s, 1H, Hy,,), 4.62 (d, J = 6.4 Hz, 1H, H,,). Anal
(CH4058) C, H, S.

Biology

In vivo studies were carried out in Swiss mouse following the
method of Peters et al [22]. Initially all the compounds were
tested against P berghei K-173 strain, which is sensitive to
chloroquine. The active compounds were tested in Swiss mice
against P y nigeriensis (NS) strain, which is resistant to chloro-
quine. All the strains of malaria used in the present study were
obtained from Medical Protozoology Department of London
School of Hygiene and Tropical Medicine by the courtesy of W
Peters.

Inoculum preparation

Infective inoculum was prepared from a previously infected
donor mouse with rising parasitaemia (20%). Blood was drawn
from the heart of the mouse under ether anesthesia in a sterile
heparinized disposable syringe. It was then diluted with sterile
RPMI 1640 medium such that 0.25 ml contains about 5 x 106
infected red blood corpuscles. Infection was given to the mice
(18-22 g) by the intravenous route (iv) using the tail vein.

Preparation of the test compounds

The compounds were first dissolved in 200 pl of Saffola
‘Kardi’ oil (commercially available edible oil) followed by the
addition of 200 wl of Tween 80 and finally reconstituted in
0.5% Tylose (carboxymethylcellulose) for oral administration.
For subcutaneous application, the compounds were dissolved
in 200 ul of ‘Kardi’ oil followed by 200 ul of Tween 80 and
finally reconstituted in sterile distilled water. Each mouse re-
ceived about 0.25 ml of the suspension or solution, according
to the body weight, by the subcutaneous route.

Treatment regiment

A slightly modified test procedure of Peters et al [22] used. The
infected mice were treated with the test compounds for five
consecutive days. Treatment began at 2 h post-infection, follo-
wed by single daily dose for next four days and the parasitae-
mia was counted on d +7.

Untreated infected control

The untreated control mice (six per group) were either dead or
moribund with high parasitaemia on d + 7. Animals transfer was
performed each week to keep the virulence of the strain. When
a compound displayed activity, the mice were observed for 28 d
for recrudescence following the method of Raether and Fink
[21]. In such cases blood smears were also prepared and
examined for parasitaemia on d + 14, d + 21 and d + 28.
Normally blood smears were drawn on d + 7, fixed in methanol
and stained with Gimsa. The slides were scanned under oil
immersion lens (100 x) and parasitacmia was noted. If the mice
were free from any malaria parasites it was considered as cured
but they were kept under observation for 28 d. At least 250
fields were checked to record the mice as ‘cured’.
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