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Summary

1,4-Epidioxy-bisabola-2,12-diene (3) and aromatic hydroperox-
ides (4, 5) were prepared by photoxidation of y-curcumene (1).
Reduction and esterification of 6 and 7 atforded compounds 9 to
10. All compounds were tested in vitro for antimalarial activity.
The activity could not be increased significantly, compared with
3. The most active compounds, 3 and 9, did not show in vivo
antimalarial activity in mice.

Introduction

There has been a rapid increase in the resistance of malaria
parasites, in particular of Plasmodium falciparum, to cur-
rently used drugs?]. In previous studies the ascaridol homo-
logue 1,4-epidioxy-bisabola-2,12-diene (3), isolated from
Heterothalamus psiadioides, Heterothalamus alienus[3],
Kaunia rlf/‘escens (syn. Eupatorium rufescens Lund ex de
Candolle)">! and Senecio selloil®) plants from Brazil, showed
an effective antimalarial activity in vitro. This prompted us
to derivatize the molecule in order to increase the activityB’5 1

Results

v-Curcumene (1), isolated from the essential oil of Helichry-
sum italicum, was used as starting material for the preparation
of ascaridol analogue peroxides. According to the reaction
constants determined by Monroel® for terpinene (100 x
10% L/(Ms)) and isopren (3.7 x 10* L/(Ms)), the cyclohexadi-
ene structure reacts more readily than the olefinic structure in
the side chain. Photooxidation of 1 with daylight, air, and
bengalrose affords 1,4-epidioxy-bisabola-2,12-diene (3)
only, while the use of an UV-radiating lamp and oxygen
results in 3 as well as the products 4-7. The diene 1is sensitive
to aromatization, giving a-curcumene (2) during the reaction,
which on photooxidation affords the hydroperoxides 4 and 5,
due to ene reactions!’]. The aromatic hydroperoxides 4 and 5
were identified by TLC also as constituents of the Brazilian
plant Senecio selloi Spreng. by photooxidation of 2 isolated
from the plant(8!.

Chromatographic separation of 6 and 7 with silver nitrate
impregnated silica gel affords another side product, the ke-
tone 8. Reduction of 6 and 7 with triphenylphosphine
(PPh3)[9] leads to the alcohols 9 and 10a. If the reduction of
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6 and 7 is carried out in the mixture, and 9 and 10a are
separated by CC on silica gel, no decomposition to 8 occurred
and the yield is increased. Alcohol 10a was transformed into
the esters 10b-10d">).

The structures of the compounds were characterized by MS,
1D and 2D 'H NMR- and 3C NMR spectroscopy. Due to the
chiral atoms C-1, C-4, and C-8, two diastereomeric pairs of
enantiomers are built, which on hydroperoxidation at the
carbon atoms C-12 and C-13 can form several isomers (see
Tables 2 and 3). No stereochemistry studies were carried out
so far.

Table 1. ECso-values determined for compounds 3-11d, chloroquinediphos-
phate, and artemisinin against Plasmodium falciparum, strain NF-54.

Compound ECso 95% C.L. Std. dev.
[pg/ml] [nmol/mi]
3 005 021 8.86x 107>  557x107
4 >l 43 - -
5 0.10 0.43 1.08x 1072 338x 107
6 0.07 030 1.08x 102 6.81x107°
7 0.10 037 1.39x 1072 875x 107
8 025 10 1.75% 1072 1.10x 107
9 004 015 2.00% 107 1.25x107
10a 0.11 043 1.74% 107 1.09x 107
10b 006 0.20 0.017 1.06 x 107
10c 0.08 029 - 6.32x 107
10d 009 031 -~ 1.26 x 107
chloroquinex2POs  0.01  0.02 361x107°  2.27x107
artemisinin 0.005 0.017 1.80x 10 1.13x10™

Compounds 3-10d were tested in vitro against Plasmodium
Salciparum and their ECsq values were determined (Table 1).
The best results, compared to artemisinin!?! (EC59
< 0.005 pg/ml) were obtained for compounds 3 and 9 (ECsg
= 0.05 and 0.04 ng/mi respectively). The activity could not
be increased significantly by derivatization of 3. 3 and 9 were
tested on mice, but were found to be inactive.
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Experimental Section

General

CC was executed with silica gel (0.063-0. 200 mm, Merck, Darmstadt) or
silica gel impregnated with 20% of AgN03 Analyucal TLC: precoated
glass plates (60 Fas4, layer thickness 0.25 mm, Merck, Darmstadt); detection
UV - 254 nm, R-1 = amsaldehyde/HzSO4 Mt ra= peroxide reagent“
FAB-MS: 70eV; rel. intensities m %; if not mdlcated otherwise; 'H NMR
were measured at 300 MHz and '>C NMR at 75 MHz in CDCl3.

¥-Curcumene (1)

The separation of 3 g of the essential oil of Helichrysum italicum
(Melchers, Bremen) by means of CC on silica gel (light petroleum) yielded
350 mg of a mixture, which was separated with AgNO3 impregnated silica
gel (light petroleum:diethy! ether:toluene (98:2:1)), affording 220 mg of 1:
colourless oil; Rf 0.6-0.7 (light petroleum). Spectroscopic data are identical
with ref.['3], [oc]%)2 =-76.5 ° (¢ =0.996 in CHCl3); literature values of optical
rotation of 1 are reported different!!?,

Photoxidation

To 500 mg of 1in 250 ml CHCl3, 50 mg of bengal rose, dissolved in 10 ml
of methanol, were added. The solution was exposed to an UV-radiating lamp
(Hg-Dampf-Hochdruckstrahler TQ 150 (Hanau) or HPK 125 (Philips)) for
15 min at -10 °C with oxygen bubbling vividly through it. This mixture was
evaporated in vacuo at room temp. and separated by CC on silica gel (light
petroleum:acetone (88:12)), giving, after evaporation in vacuo atroom temp.,
the fractions I-V.
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segaratlon on
AgNO3/SIO;

B
b

10a R=H

10b R=Ac

10c R=Bz

10d R =3,4-Dimethoxy-Bz

1,1-Dimethyl-5-(4-methyl-2,3-dioxabicyclo[2.2.2 Joct-5-en-1-yl)- 1 -hexene
(1,4-Epidioxy-bisabola-2,12-diene) (3)

Fraction II (Rf 0.56; light petroleum:ethyl acetate (90 10)) gave 10 mg of
colourless oil. Spectroscopic data identical to ref.

(E)-1-Hydroperoxy-1,1-dimethyl-5-(4-methylphenyl)-2-hexene (4)

Fraction III of the separation of the photoxidation mixture contained 60 mg
of amixture of 4 and §, which were separated by CC onssilica gel impregnated
with 10% of AgNO3 (light petroleum:acetone (95:5)), giving 24 mg of 4,
slightly impure because of fast decomposition. Yellow oil.— TLC: R 0.15
(light petroleum:acetone (95:5)), R-1: violet, R-2: immediately blue.— FAB-
MS (70 eV, m-NBA + NaOAc); m/z (%) =257 (3, M+Na"). 217 (2), 201 (11,
M*-O0H), 176 (12), 119 (100. CsH11*). "H NMR and "*C NMR data Table
2 and 3.

2-Hydroperoxy- 1-(1-methylethenyl)-4-(4-methylphenyl)-pentane (5)

Separation of Fraction III (see 4) gave 30 mg of 5. Colourless oil.— TLC:
Rr0.18 (n-hexane:diethyl ether (90:10)), R-1: red-orange, R-2: immediately
blue.— [o]F: —17.57° (¢ = 0.64, CHCI3).—- FAB-MS (70 eV, m-NBA) = 257
27, M+Na3) 217 (4), 201 (17, M*—-OOH), 176 (31), 119 (100, CoHy1*). 'H
NMR and “C NMR data Table 2 and 3.

(E)-1-Hydroperoxy-1,1-dimethyl-5-(4-methyl-2,3-dioxabicyclo[2.2.2 Joct-
5-en-1-yl)-2-hexene (6)

Fraction IV of the separation of the photoxidation mixture contained
300 mg of a mixture of 6 and 7, which were separated by CC on silica gel,
impregnated with AgNO3 (light petroleum:ethyl acetate (82:18)). 168 mg of
6 were obtained. Colourless oil.— TLC: Ry 0.22 (light petroleum:acetone

(90:10)), R-1: brown-yellow, R-2: immediately blue.— [a)%)o: ~6.08° (c=1.3,
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Table 2. '"H NMR (CDCl3) spectroscopic data of compounds 4-10d (8 [ppm]).

H 4 5 6 7 8 9 10a 10b 10c 10d

isomer a isomer a isomer a isomer a isomer a isomer a isomer a isomer a
(isomer b) (isomerb) (isomerb) (isomerb) (isomerb) (isomerb) (isomerb) (isomer b)

2 7.08 7.09 6.39 6.4 6.41 6.39 6.40 6.41 6.37 6.35
(6.4) (6.42) (6.415) (6.4) (6.41) (6.42) (6.39) (6.36)
3 7.08 7.09 6.46 6.45 6.54 6.47 6.47 6.45 6.43 6.41
(6.49) (6.48) 6.51) (6.49) (6.50) (6.47) (6.45) (6.43)
5() 7.08 7.09 198208 19628 1.5-1.56 198208 198207 197207 198 1.97
(1.99) (1.95-2.04)
5 1.47-156 1.48-1.56 2.0-2.07 149-1.56 1.50-1.56 1.48-1.54 147-152 1.48-1.50
(1.47-1.52) (1.45-1.52)
6() 7.08 7.09 1.98-2.08 19628 1.5-1.56 1.98-2.08 198-2.07 197-2.07 2.03 2.01
6" 147-156 1.48-1.56 2.0-2.07 149-1.56 1.50-1.56 1.48—1.54 147-1.52 148-1.52
7 2.32 233 1.36 1.39 1.37 1.37 1.37 1.37 1.35 1.33
8 2.79 2.65 1.78-1.87 1.64-1.78 1.7-1.8 1.74-1.86 1.62-1.78 148-1.85 1.77-1.80 1.75-1.80
9 1.27 122 0.97 0.99 1.00 0.98 0.99 0.99 1.02 1.00
(1.23) (1.00) (1.00) (1.00) 1.0hH) (0.99)
10() 2.33 1.3-15% 191 1.16-1.32  1.4-1.5 1.66 1.05-1.34 1.05-1.34 1.17-1.23 1.68-1.74
(1.94) (1.74)
10” 241 1.38-148 1.89-2.0 239 1.50-1.70 1.48-1.85 1.81-1.91 1.88
(2.415) . (1.71-1.91)
11() 5.6 1.5-1.66% 5.65 1.66-1.7  2.74 5.56 145-1.7  1.48-1.85 1.19-1.23 168-1.74
Q7 (1.19-1.25)
11” 1.65-1.77 1.12-1.22
12 5.37 427 5.53 429 5.64 4.05 5.13 5.39 5.34
(4.28) (5.56) (5.65)
14¢) 1.26 499 1.31 5.02 5.75 1.31 4.83 4.87 491 490
(5.77 (4.84) (4.90) (4.93)
14" 5.01 5.95 494 493 5.02 5.00
(5.96) 4.94) (5.03)
15 1.24 1.65 1.31 1.73 1.85 131 1.72 1.71 1.79 1.76
(1.69) (1.86) (1.71) 1.72) (1.78)
OOH 6.83 7.8 7.5 7.8
(7.55) (7.82)
OH 1.46 1.57
—-Ac 2.06
@9 8.05 7.53
3) 7.43
“4) 7.55
(5" 7.43 7.66
(6" 8.05 6.86
(8) 39
9" 39

* assignment interchangeable
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Table 3. '>C NMR (CDCl3) spectroscopic data of compounds 4-10d (8 [ppm]).
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C 4 5 6 7 8 9 10a 10c 10d
isomer a isomer a isomer a isomer a isomer a isomer a isomer a
(isomer b) (isomerb) (isomerb) (isomerb) (isomerb) (isomerb) (isomer b)
1 135.5 135.3 74.5 74.5 74.5 74.5 74.5 74.4 74.3
2 128.9 128.9 136.5 136.5 136.4 136.4 136.4 136.2 136.3
(136.2) (136.3) (136.2) (136.2) (136.3) (136.4) (136.4)
3 126.8 126.7 132.5 133.4 133.0 132.8 133.1 1333 1334
(133.4) (132.8) (133.5) (133.4) (133.5) (132.8) (132.9)
4 143.4 143.8 79.8 80.0 80.2 79.7 80.0 79.7 79.7
(79.9) (79.8) (79.8)
5 126.8 126.7 26.7 26.3*% 25.5% 26.3 26.1 25.3 25.2
(25.3) (25.9%) (26.5) (25.5) (26.1) (25.9)
6 128.9 128.9 29.4 29.3* 29.4 294 29.5 29.5 29.4
(29.5) (29.4#) (29.6) (29.6) (29.6) (29.4) (29.3)
7 21.0 21.0 2143 215 21.5 21.5 21.5 21.4 21.3
8 39.6 39.6 375 376 37.1 37.6 37.5 374 37.3
(39.3) 37.4) (37.5) (37.5) (37.4) (37.3) (37.2)
9 21.7 22.7 14.3 14.3 14.5 14.0 14.3 14.2 14.0
(22.4) (14.27) (14.2) (14.4) (13,9) (14.2) (14.1)
10 1.5 342 34.6 27.1% 26.0* 34.0 333 31.0 30.9
(34.1) (34.3) (27.6#) (26.7%) (33.8) 33.1) (30.7) (30.7)
11 130.6 28.8 130.0 25.3* 36.0 125.10 27.5 26.6 26.6
(28.9) (129.8) 35.7) (125.0) (27.0) (27.0) (26.9)
12 134.6 89.8 134.9 89.6 201.7 139.9 75.8 78.0 71.5
(89.6) (135.2) (89.5) (201.6) (139.8) (77.8) (77.8)
13 81.9 143.5 81.97 1434 144.2 70.64 147.4 142.4 142.7
(143.4) (144.3) (142.6) (142.8)
14 24.5*% 114.4* 24.5 114.9 124.5 299 110.9 113.4 113.2
(114.1%) (24.4) (114.3) (29.8) (111.0) (112.9) (112.7)
15 23.8* 17.2% 24.32 17.4 17.7 29.9 17.8 18.0 17.9
(17.0%) (24.36) (29.8) (18.3) (18.2)
1 130.3 148.5
2 129.4 111.9
3 128.2 152.8
4 132.7 165.5
5 128.2 123.4
6 129.4 110.2
7 165.5 >200
8’ 55.9
9 55.9

* # assignment interchangeable

CHCI3).—- FAB-MS (70eV, m-NBA + NaOAc); m/z (%) = 291 (88, M+Na™"),
259 (20), 235 (100, M*-O0H). '"H NMR and 13C NMR data see Fables 2
and 3.

2-Hydroperoxy-1-( 1-methylethenyl)-4-(4-methyl-2,3-dioxabicyclo[2.2.2 ]-
oct-5-en-1-yl)-pentane (7)

Separation of fraction IV (see 6) gave 36 mg of 7. Colourless oil.— TLC:
Rr0.22 (light petroleum:acetone (90:10)), R-1: brown-red, R-2: immediately
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blue— [of: +12.25° (¢ = 1.02, CHCl3).- FAB-MS (70 eV, m-NBA +
NaOAc); m/z (%) = 291 (100, M+Na"), 273 (34, 291-H20%), 217 (18,
M*-OOH-H;0).— 'H NMR and '*C NMR data Tables 2 and 3.

1-(1-Methylethenyl)-4-(4-methyl-2,3-dioxabicyclo [2.2.2 Joct-
5-en-1-yl)pentan-2-one (8)

This substance was obtained as a side product during the separation of the
mixture of 6 and 7. Colourless oil.— TLC: Rr 0.16 (toluene:acetone (98:2)),



16

R-1: grey-brown, R-2: blue after 5-8 min.- [o]3: ~4.27° (c = 0.8, CHCl3).—
FAB-MS (70 eV, m-NBA + NaOAc); m/z (%) = 273 (55, M+Na"), 251
(M*=H), 217 (80, 251-H207"), 132 (100, C1cH12™ ). '"HNMR and *C NMR
data Tables 2 and 3.

(E)-1-Hydroxy-1, 1-dimethyl-5-(4-methyl-2,3-dioxabicyclof2.2.2 Joct-
5-en-1-yl)-2-hexene (9)

A solution of 35 mg of 6 in diethyl ether was added dropwise to an
ice-cooled solution of 38 mg of triphenylphosphine in 10 ml of diethyl ether.
After stirring for 15 min at 0° C, the temperature was slowly raised to room
temp. and stirred for another hour. The reaction mixture was evaporated in
vacuo at room temp. and purified by CC on silica gel (light petroleum:ethyl
acetate (80:20)), giving 20 mg of a colourless oil.— TLC: Rf 0.2 (light
petroleum:ethyl acetate (80:20)) R-1: violet, R-2: blue after 5-8 min.—
(ol +11.5° (¢ = 0.27, CHCl3).— "H NMR and '*C NMR data Tables 2 and
3.

2-Hydroxy-1-(1-methylethenyl)-4-(4-methyl-2,3-dioxabicyclo[2.2.2 Joct-
5-en-1-yl)-pentane (10a)

30 mg of 7 were submitted to the same procedure described above for the
reduction of 6. After stirring at room temp. for 1 h, the reaction mixture was
evaporated in vacuo and purified by CC on silica gel (light petroleum: ethyl
acetate (80:20)), affording 17 mg colourless oil. ~ TLC: Rr 0.28 (light
petroleum:ethy! acetate (80:20)), R-1: brown-violet, R-2: blue after 5-
8 min.— [of: +15.9° (¢ = 0.33, CHCl3). 'H NMR and C NMR data Tables
2 and 3.

[ 1-(1-Methylethenyl)-4-(4-methyl-2,3-dioxabicyclo[2.2.2Joct-5-en-1-yl)-
pentyl] acetate (10b)

To 10 mg of 10a in 4 ml pyridine 2 ml of acetic anhydride were added and
the reaction mixture stirred over night at room temp., excluding humidity.
The solution was evaporated in vacuo at 40° C until dryness and purified by
CC on silica gel (light petroleum:ethyl acetate (93:7)). 5 mg of a slightly
yellow oil were obtained.— TLC: Ry 0.43 (light petroleum:ethyl acetate
(93:7)), R-1: brown-violet, R-2: blue after 5-8 min.— [a]%oz +9,3° (¢ = 0.86,
CHCl3). 'H NMR data Table 2.

[1-(1-Methylethenyl)-4-(4-methyl-2,3-dioxabicyclo[2.2.2 Joct-5-en-1-yl)-
pentyl]-benzoate (10c)

318 mg 10a were dissolved in 5 ml diethyl ether and 331 mg triphenyl-
phosphine, dissolved in 5 ml diethyl ether, were added. The mixture was
stirred and a solution of 154 mg benzoic acid and 221 mg diethylazodicarb-
oxylate in diethyl ether was added dropwise. It was stirred for several hours;
then it was allowed to stand for 6 days at room temp., excluding humidity.
The solution was evaporated in vacuo at room temp. and purified two times
by CC on silica gel (light petroleum:diethyl ether (85:15)). 154 mg of an oily
product were obtained. — TLC: Rf 0.17 (light petroleum:diethyl ether
(85:15)), R-1: violet, R-2: blue reaction after 2 min. 'H and I3C NMR data
Table 2 and 3.

[1-(1-Methylethenyl)-4-(4-methyl-2,3-dioxabicyclo[2.2.2 Joct-5-en-1-yl)-
pentyl]-3,4-dimethoxybenzoate (10d)

311 mg 10a, 252 mg 3,4-dimethoxybenzoic acid, and 33 mg 4-(N,N-di-
methylamino)pyridine were dissolved in 22 ml dichloromethane. It was
cooled in an ice bath, stirred and 300 mg dicyclohexylcarbodiimide were

added. After 2 h, the ice was removed and the mixture was allowed to stand

for 15 days at room temp., excluding humidity. The solution was evaporated
in vacuo at room temp. and purified two times by CC on silica gel (light
petroleum:ethyl acetate (75:25)). 392 mg of highly viscous, slightly yellow
oil were obtained.— TLC: R;0.23 (light petroleum:ethy!l acetate (75:25)), R-1:
intensive violet, R-2: blue after 4-5 min. 'H and '*C NMR data Table 2 and 3.
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In Vitro Antimalarial Activity

To determine the antimalarial activity of compounds 3~10d in vitro, tests
against Plasmodium falciparum, strain NF-54, were carried out (Table 1).
1% ethanolic solutions of the compounds were diluted serially with medium
and prepared in 24 well-plates. The growth rate was followed up during a
96 h period in RPMI 1640 medium, supplemented with 10% human plasma
and 0.2% NaHCO3 at 5% hematocrit level without antibiotics. Parasitaemia
was counted from Giemsa-stained smears. ECsp values see Table 1. Results
are means of two independent experiments done in duplicate, each compared
with a positive and a negative (chloroquinediphosphate) control, as well as
with experiments undertaken to determine the ECso of artemisinin and
chloroquinediphosphate. Calculations are carried out by Probit analysis. The
compounds 4-10d turned out to be active, but the activity could not be
increased significantly, compared with 3.

Blood Schizontocidal Test Protocol

Female, random-bred NMRI albino mice, weighting 25-32 g, were inocu-
lated peritoneally with 10° parasitized blood cells of Plasmodium yoellii
nigeriensis. Animals were then dosed intraperitoneally once daily for three
consecutive days, beginning on the day of infection (day 0). Compounds 3
and 9 were dissolved in ethanol 96% and diluted with sterile 0.9% NaCl
solution to give concentrations of 40, 80, 160, 320, and 640 mg/kg mice. The
parasitaemia was determined on days 2, 4, 6, 8, and 10 by Giemsa-stained
blood smears and compared with untreated controls. A compound was
supposed to have an activity, if lifetime of the treated mice exceeded the
lifetime of the untreated mice at least twice. Both compounds were inactive.
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