Phytochemistry 69 (2008) 1933-1938

journal homepage: www.elsevier.com/locate/phytochem

Contents lists available at ScienceDirect

Phytochemistry

PHYTOCHEMISTRY

Sesquiterpenes from aerial parts of Ferula vesceritensis

Karima Oughlissi-Dehak *P, Philippe Lawton 9, Serge Michalet?, Christine Bayet?, Nicole Darbour?,
Mahfoud Hadj-Mahammed P, Yacine A. Badjah-Hadj-Ahmed ¢,

Marie-Geneviéve Dijoux-Franca®, David Guilet **

2 Université de Lyon, UMR 5557 CNRS, Département de Pharmacognosie, Botanique et Phytothérapie, Faculté de Pharmacie, 8 Avenue Rockefeller, 69373 Lyon Cedex 08, France
b Laboratoire de Biogéochimie en Milieux Désertiques, Faculté des Sciences, Université Kasdi Merbah, Ouargla, BP 511, Route de Ghardaia, 30 000 Ouargla, Algeria

¢ Laboratoire d’Analyse Organique Fonctionnelle, Faculté de Chimie, USTHB, BP 32, El Alia, 16111 Bab-Ezzouar, Alger, Algeria

d Université de Lyon, Laboratoire de Parasitologie, Faculté de Pharmacie, 8 Avenue Rockefeller, 69373 Lyon Cedex 08, France

ARTICLE INFO ABSTRACT

Article history:

Received 6 July 2007

Received in revised form 14 March 2008
Available online 14 May 2008

Keywords:

Ferula vesceritensis
Apiaceae

Sesquiterpene
P-Glycoprotein

MDR

Cryptosporidium parvum

From the dichloromethane extract of aerial parts of Ferula vesceritensis (Apiaceae), 11 sesquiterpene
derivatives were isolated. Among them five were compounds designated as 10-hydroxylancerodiol-6-
anisate, 2,10-diacetyl-8-hydroxyferutriol-6-anisate, 10-hydroxylancerodiol-6-benzoate, vesceritenone
and epoxy-vesceritenol. The six known compounds were identified as feselol, farnesiferol A, lapidol,
2-acetyl-jaeschkeanadiol-6-anisate, lasidiol-10-anisate and 10-oxo-jaesckeanadiol-6-anisate. All the
structures were determined by extensive spectroscopic studies including 1D and 2D NMR experiments
and mass spectroscopy analysis. Two of the compounds, the sesquiterpene coumarins farnesiferol A
and feselol, bound to the model recombinant nucleotide-binding site of an MDR-like efflux pump from
the enteropathogenic protozoan Cryptosporidium parvum.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The Ferula genus (Apiaceae) comprises 130 species, which are
widespread throughout central Asia, and around the Mediterra-
nean area. Several species were used in traditional foods as well
as in folk medicine as treatment for neurological disorders (tran-
quillizer, antihysteric), dysentery, digestive disorders, rheumatism,
headache, arthritis and dizziness (Tamemoto et al., 2001). Ferula
spp. are also known for their toxicity. A chemotype of Ferula com-
munis containing a prenylated coumarin known as ferulenol and
related analogues were responsible for ferulosis, a lethal haemor-
rhagic disease which affect domestic animals in Sardinia (Arnoldi
et al., 2004). The Ferula genus is well documented as a good source
of biologically active compounds, such as daucane esters and ses-
quiterpene coumarin ethers (Ghisalberti, 1994; Iranshahi et al.,
2007). Its chemistry was largely studied. Daucane esters from
F. communis and Ferula arrigonii showed antiproliferative activity
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on human colon cancer lines (Poli et al., 2005) and calcium iono-
phoretic and apoptotic effects in the human jurkat T-cell line (Ma-
cho et al., 2004).

Ferula vesceritensis is indigenous to Algerian Sahara (Ozenda,
1983). According to ethnobotanical investigation, fruit decoctions
have been used in folk medicine to treat headaches, fever and
throat infections, while the livestock avoids grazing it. A recent
study carried out on the roots of F. vesceritensis has led to the iso-
lation of two new sesquiterpene coumarins: 13-hydroxyfeselol
and 3-angeloxycoladin, in addition to two known compounds col-
adin and coladonin (Ahmed et al., 2007). Ferulenol was also pre-
viously isolated from its roots (Lahouel et al., 2007). Currently,
there is a considerable interest in the chemistry and pharmacol-
ogy of Ferula species which have not extensively been studied be-
fore. In this context, we report here the investigation of the aerial
parts of F. vesceritensis which allowed the isolation and structure
elucidation of five new sesquiterpenes together with six known
compounds.

Since compounds isolated from Ferula species were recently re-
ported as reversal agents of multidrug resistance (MDR) in cancer
cells (Barthomeuf et al., 2006), we used a parasitic model of the
P-glycoprotein nucleotide-binding domain for preliminary tests
to evaluate the interactions of the isolated compounds with this
type of efflux pump.
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2. Results and discussion

In this work, the investigation of the dichloromethane extract
from the aerial parts of F. vesceritensis allowed the isolation of five
new sesquiterpenes 1-5. Six related compounds, 6-11, were iden-
tified, respectively, as feselol 6, farnesiferol A 7 (Shahverdi et al.,
2005), 2-acetyl-jaechkeanadiol-6-anisate 8 (Al-Yahya et al,,
1998), lasidiol-10-anisate 9 (Cumanda et al., 1991), 10-oxojaescke-
anadiol-6-anisate 10 (Arnoldi et al., 2004) and lapidol 11 (Gonzalez
et al,, 1993). The structures of the known compounds were eluci-
dated by analysis of their spectral data (including 2D NMR and
MS studies) and by comparison with spectroscopic data previously
reported.

AcO,

A, OCH
N 3

HRCI/MS revealed a molecular formula of C;3H3¢0¢ for compound
1. Examination of the NMR data of 1 indicated unambiguously the
presence of an anisate moiety with characteristic aromatic protons
at oy 8.01 (2H, d, 8.8 Hz), 6.96 (2H, d, 8.8 Hz), and methoxy protons
at &y 3.89 (s). The '3C NMR spectrum of 1 displayed 21 signals be-
side those of the para-anisate moiety (5¢ 165.9, 121.9, 131.9, 113.9
and 163.9), 15 resonances could be assigned to a sesquiterpene
sub-structure. Analysis of "H NMR data revealed the presence of
an isopropyl moiety [éy4 0.98 (3H, d, 6.7 Hz), 0.86 (3H, d, 6.7 Hz)
and 1.91 (1H, m)] in addition to two methyl groups [éy 1.07 (3H,
s), 1.96 (3H, s)]. These structural elements suggested for compound
1 a carotane skeleton corresponding to a bicyclic structure with a
condensed five and seven membered ring system, previously iso-
lated from different Ferula species (Ahmed et al., 2001). Long-range
TH-13C correlations associating the methyl group (5y 1.07) to the
carbon signals at 37.8 (C-2), 48.7 (C-1), 53.8 (C-5) and 85.0 ppm
(C-10), led to the attribution of the methyl group to the C-15 posi-
tion. Two saturated methylene groups, with a vicinal relationship
deduced from the COSY spectrum, were identified by HSQC analy-
sis [dy 1.60 (1H, m), 2.06 (1H, m) and 6¢ 37.8] and [y 1.92 (1H, m),
1.70 (1H, m) and J¢ 31.8] and deduced from HMBC information,

OCHs

they were located at positions C-2 and C-3. HMBC correlations ob-
served for the isopropyl moiety with the carbon at 86.6 ppm indi-
cated the presence of a hydroxyl group at the C-4 position and
achieved attribution of the cyclopentane ring pattern. The remain-
ing proton signals, an olefinic proton (dy 6.23, s), an olefinic methyl
(6 1.96, 3H, s), and two oxygenated methine protons [y 4.08 (1H,
d, 3.0Hz), 6.11 (1H, d, 11.0 Hz)] assigned by HSQC experiments,
respectively, to 5¢c 141.3 (C-7), 21.6 (C-14), 85.0 (C-10) and 71.9
(C-6) were associated with the cycloheptane ring. The substitution
pattern of this ring was deduced by analysis of long-range 'H-13C
couplings, (i) between the hydroxyl group at 6y 4.18 (10-OH) and
the carbons at éc 48.7 (C-1), 85.0 (C-10) and the carbonyl carbon
at 201.8 (C-9) and (ii) those associating the methyl protons at éy

OCH,

OH

1.96 (14-CHs) with the carbons at é¢ 132.3 (C-8), 141.3 (C-7) and
the carbonyl carbon at 201.8 (C-9). Finally, the location of the anis-
ate moiety was deduced by the correlation between the proton at
dy 6.11 (H-6) and the ester function [é¢ 165.9 (-CO-0)] of the anis-
ate group. Relative stereochemistry of 1 was then established
unambiguously by analysis of its NOESY spectrum. In particular,
spatial correlations were observed between 15-CH; and H-6 for
one side of the molecule and between H-10, isopropyl proton sig-
nals, anisate proton signals and H-5 for the other side. Except for
the substitution of the 10-position, the structure of compound 1
was then closely related to lancerodiol-6-anisate previously re-
ported in Ferula lancerottensis (Fraga et al., 1985) and Ferula linkii
(Diaz et al., 1986), and was thus identified as 10-hydroxylancerodi-
ol-6-anisate.

Compound 2 was related to the molecular formula of C;,H,505
by HRCI/MS. Its 'H NMR spectrum was closely similar to that of
compound 1, except for the lack of signal corresponding to a meth-
oxy group and the modification of the spin system of the aromatic
moiety suggesting here a non-substituted aryl group. The differ-
ence of 30 u.m.a. observed between both mass spectra corrobo-
rated the loss of a methoxy group between structures. In
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agreement with analysis of spectral data of 2 including NOESY
information, this compound was identified as 10-hydroxylancero-
diol-6-benzoate.

The molecular formula Cy5H3405 for compound 3 was deter-
mined by HRCI/MS. Analysis of its '"H NMR and '>C NMR spectra
indicated that 3 presented a carotane skeleton, with an isopropyl
group and two methyl groups, esterified by an anisate group at
C-6 position. Long-range couplings deduced from the HMBC be-
tween methyl protons at éy 1.38 (15-CH3) and carbons at 5¢c 48.3
(C-5), 59.3 (C-1), 82.4 (C-2) and 212.2 (C-10) were indicative of
some substitution pattern modifications of the terpenic skeleton,
when compared to those of compounds 1 and 2. Considering the
cycloheptane ring, the methyl protons at 6y 1.34 (14-CHg, s)
showed HMBC correlations with carbon resonances associated
with an oxygenated quaternary carbon (¢ 71.4, C-8), and two sat-
urated methylenes (5c 43.9, C-7), and (¢ 57.8, C-9). The exact loca-
tion of the saturated methylene groups were deduced from HMBC
data which linked on one hand, H-9 (6y 2.82, 3.55 and J¢ 57.8) to
the carbonyl carbon (5¢c 212.2, C-10) and on the other hand, H-7
(0n 1.90, 2.14 and 6c 43.9) to the saturated methine carbon (¢
48.3, C-5). The last information for the substitution pattern of the
cycloheptane ring concerned the anisate moiety. Its exact location
was deduced from long-range correlation between the proton at éy
5.80 (m, H-6) and the ester function [é¢ 166.4 (-CO-0)] of the anis-
ate group. Finally, the presence of an acetoxyl group at C-2 was
supported by HMBC correlations of methyl protons at sy 1.97
(3H, s) and saturated methine proton at 6y 4.94 (H-2) with the
same signal at 6c 169.4 assigned to a carbonyl carbon. The relative
stereochemistry of 3 was determined by analysis of the NOESY
spectrum which showed spatial relationships between H-2, H-3a,
H-5, H-7qa, H-94, H-11 and H-13 for one side of the molecule and
between H-3p, H-6, H-7p, H-98, 14-CH3, 15-CH5, and acetyl protons
for the other side of the molecule. Compound 3 which presented an
original substitution pattern of the sesquiterpene skeleton was
named vesceritenone.

Compound 4 had the same molecular formula as 3 (C;5H3403)
deduced from HRCI/MS. Analysis of NMR data showed that it be-
longed to the same group of sesquiterpenes as the previous com-
pounds. Furthermore, as for compound 3, an anisate group at the
C-6 position and an acetoxyl group at the C-2 position were also
identified in compound 4. Nevertheless, on the basis of NMR data
and HMBC correlations, some differences were observed between
both compounds. NMR data of 4 indicated the presence of two
additional oxygenated methines [y 2.88 (d, 5.0 Hz) and J¢ 66.7,
and &y 3.69 (d, 5.0 Hz) and ¢ 74.6]. Moreover, compared to com-
pound 3, no ketone as well as no additional unsaturated carbons
was detected in compound 4, suggesting then the presence of a
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supplementary ring such as an epoxy function. The exact location
of the oxygenated methine groups was deduced from HMBC data
which linked on one hand, the methyl protons signal 14-CH; (éy
1.51) to the first oxygenated methine carbon (éc 66.7, C-9) and
on the other hand the methyl protons signal 15-CHs (dy 1.33) to
the second oxygenated methine carbon (é¢ 74.6, C-10). By analysis
of the NOESY spectrum of 4, major spatial correlations were
observed between 15-CHs, H-9 and 14-CH; for one side of the mol-
ecule, and between H-10 and H-5 for the other side. Relative ste-
reochemistry of the oxygenated carbons C-8, C-9 and C-10
implicated then the presence of the epoxy function at the C-8/C-
9 position and with an a-orientation. According to the literature,
several daucane sesquiterpenes were previously reported in the
genus Ferula and spectral data of 4 were in agreement with those
published (Chen et al., 2000; Fraga et al., 1985). Compound 4 which
presented an original substitution pattern of the sesquiterpene
skeleton was named epoxyvesceritenol.

To compound 5 was assigned a molecular formula of C;7H3509
by HRCI/MS. Analysis of its "TH NMR and '>C NMR spectra indi-
cated that 5 presented a similar carotane skeleton to those of
the previous compounds. Furthermore, it was also esterified by
an anisate group at C-6 and by an acetoxyl group at C-2. Long-
range couplings deduced from the HMBC spectrum between the
methyl protons at dy 1.36 (15-CHs, s) and carbons at J¢ 49.2 (C-
5), 52.8 (C-1), 79.6 (C-2), 153.2 (C-10), revealed the presence of
an ethylenic oxygenated carbon at C-10. Considering the cyclo-
heptane ring, the methyl protons at éy 1.61 (14-CHs, s) showed
long-range HMBC correlations with an oxygenated quaternary
carbon (é¢ 82.2, C-8), a saturated methylene (5c 40.6, C-7), and
a second ethylenic carbon (6c 123.9, C-9). These assignments
were corroborated by the HMBC correlations observed between
the olefinic proton signal H-9 (Jy 5.48, s) and carbons at Jc 52.8
(C-1), 153.2 (C-10), 82.2 (C-8), 40.6 (C-7), 24.3 (C-14). The pres-
ence of two additional methyl signals at éy 2.11 (3H, s) and
2.03 (3H, s) which showed HMBC correlations, respectively, with
carbons at 5c 169.4 and 169.9 were assigned to acetoxyl groups.
Their linkages were determined through HMBC correlations be-
tween on one hand the signal at 6y 5.12 (H-2, d, 5.5 Hz) and
the carbonyl carbon at ¢ 169.9, and on the other hand, the
long-range coupling between the methyl group at §y 2.11 and
C-10 (6¢ 153.2). The linkage of the latter acetoxyl group to C-10
was confirmed by NOESY effects observed between H-2 (d6y
5.12) and both acetoxyl groups éy 2.11 and 2.03. On basis of
the COSY experiment, neighbouring relationships were estab-
lished between, on one hand, a proton at 6y 5.12 (H-2, d,
5.5Hz) and the saturated methylene group [éy 1.92 (H-3, m),
2.04 (H-3, m) and é¢ 38.7] and, on the other hand, a proton at
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Fig. 1. Dose-dependent binding of the sesquiterpene coumarins 6 and 7 to recombinant C. parvum H6-NBD1. The quenching of the intrinsic fluorescence of the recombinant
H6-NBD1 by 6 (A) and 7 (B) was measured at 328 nm. The values are the mean + SD of three separate experiments.
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oy 5.94 (H-6, m) and the saturated methine group [éy 2.97 (H-5,
d, 11.0 Hz) and J¢ 49.2]. The long-range HMBC correlations of the
proton signal at éy 2.97 with the carbons at [6¢ 69.1 (C-6), 84.9
(C-4), 40.6 (C-7), 153.2 (C-10), 36.4 (C-11) and 18.4 (C-15)] sup-
ported the structure of 5. The relative stereochemistry of 5 was
determined by analysis of the NOESY spectrum which showed
spatial relationships between H-2, H-38, H-6, H-78, 14-CHs, and
15-CH; for one side of the molecule and between H-3a, H-11,
H-5 and H-2’ for the other side of the molecule, indicating that
the anisate group, the two acetyl groups and the isopropyl group
possessed the same orientation. The comparison of the data to
those reported for ferutriol (Diaz et al., 1986) and kuhistanicaol
G (Chen et al., 2000) allowed the assignment of compound 5 as
2,10-diacetyl-8-hydroxyferutriol-6-anisate. This study of a Sahara
Ferula led to the identification of five new daucane sesquiterpenes
among which, two compounds possessed original substitution
patterns of the cycloheptane ring. It is also important to mention
that our investigation carried out on aerial parts afforded nine
sesquiterpene daucanes and two sesquiterpene coumarins, while
the chemical investigation of the roots (Ahmed et al., 2007) re-
lated only the presence of four sesquiterpene coumarins. Further-
more, as related for many Ferula, the accumulation of the
sesquiterpene coumarins might be in the roots. In addition, the
known sesquiterpene lasidiol-10-anisate 9, described here, had
not been reported in Ferula genus previously. It was only reported
in another Asteraceae species, Xanthium catharticum (Cumanda
et al., 1991).

In our course to identify natural efflux pump inhibitors and in
order to see if some of these compounds could be potential modu-
lators of multidrug resistance, preliminary tests were performed
on a parasitic model receptor related to the P-glycoprotein. These
proteins are involved in the active efflux of xenobiotics and respon-
sible for the resistance of cancer cells and some parasites to che-
motherapy (Sharom et al., 1999; Klokouzas et al., 2003). When
assayed on the recombinant nucleotide-binding domain of
CpABC3, a MDR-like transporter from the protozoan parasite Cryp-
tosporidium parvum (Lawton et al., 2007), only the sesquiterpene
coumarins 6 and 7 exhibited a dose-dependent affinity towards
the recombinant H6-NBD1 (Fig. 1). In addition, their structure is
similar to conferone, a sesquiterpene isolated from another mem-
ber of the genus, F. schtschurowskiana which was also very efficient
against the P-glycoprotein from MDCK cells membranes (Bart-
homeuf et al., 2006). The inhibition curves are similar to those re-
ported for conferone using a different test (Barthomeuf et al.,
2006), but the ICso reported here are higher and comparable to
the competitive inhibitor TNP-ATP (Lawton et al., 2007). However,
no inhibition of the ATPase activity of the recombinant domain was
evidenced (data not shown). These results are consistent with a
binding of the compounds to another or many other sites on H6-
NBD1, including the reported vicinal steroid binding site (Dayan
etal,, 1997; Conseil et al., 1998), rather than to the catalytic pocket.
Finally, the binding of the two new sesquiterpene coumarins de-
scribed in this study to the nucleotide-binding domain of our
MDR-like transporter model confirms the chemotherapeutic po-
tential of these compounds as reversing agents of these efflux
pumps.

3. Experimental
3.1. Plant material

Aerial parts of F. vesceritensis Coss et Dur ex Batt were collected
in May 2005 from Ghardaia area, located in Algerian Sahara. The

plant was identified by M. Ouled Belkheir and Dr. A. Chehma from
Department of Biological Sciences of Ouargla University. A voucher

specimen has been deposited in the Department of Chemistry,
Constantine University (AM#112).

3.2. General experimental procedures

NMR spectra were recorded on DRX 500 spectrometer
(500 MHz for "H) with CDCls as solvent (internal reference, TMS).
ESIMS were recorded with a Thermo LCQ Advantage, ion-trap spec-
trometer while HRCI/MS and HRESI/MS were recorded with Ther-
mo Finnigan Mat 95XL. TLC was carried out using Merck silica
gel Si 60 Fas4 20 x 20 cm plastic and aluminium sheets and RP-
18 Fy545 20 x 20 cm aluminium sheets. Analytical HPLC was carried
out on a Thermo Separation Products system equipped with a P-
4000 quaternary gradient pump system, a UV-6000LP photodiode
array detector using analytical Zorbax XDB C8 (250 x 4.6 ID mm;
5 um; 100 A), the solvent system was: TFA 0.01% in water (solvent
A) and TFA 0.01% in acetonitrile (solvent B), starting with 45% for
5 min then a linear gradient from 45% to 90% in 40 min. The flow
rate was 1 ml/min; the PDA detection range was 200-400 nm.
Semipreparative HPLC was performed on a 2 millipore Waters
Model 510 pumps, with an automated gradient controller and
Waters 490 programmable multiwavelength detector using Puro-
spher STAR RP-18 5 um (100 x 25 mm) column with methanol-
water gradient. MPLC were carried out using Merck silicagel 60
(40-63 um), Lichroprep 100 DIOL (40-63 um), and Lichroprep 60
RP-18 (40-63 um) with UV detection at 254 and 366 nm.

Table 1
'H-NMR spectral data for 1-5 [500 MHz, CDCls, 6y/ppm, mult. (J/Hz)]
Position 1 2 3 4 5
2 1.60m (o) 1.66m (o) 4.94d(5.7) 5.06 d 512d
(5.7) (5.5)
206 m(B) 1.91m(B)
3 1.70m (B) 1.64m (B) 2.05m (o) 1.95m (o) 1.92 m (o)
1.92m (o) 2.06m(a) 2.16 m(B) 209m(B) 2.04m(B)
4 - - - - -
5 2.65d 2.68 d 3.69d(10.1) 243d 297d
(11.0) (11.0) (10.7) (11.0)
6 6.11d 6.15d 5.80 m 546t 594 m
(11.0) (11.0) (10.7)
7 6.23 s 6.23 s 1.90 m (B) 1.82d 2.10m
(12.0)
2.14m (o) 230d 2.89d
(12.0) (5.0)
9 - - 2.82d(129) 2.88d 548 s
(B) (5.0)
3.55d (12.9)
(o)
10 4.08 d 4.09 d - 3.69d -
(3.0) (3.0) (5.0)
11 191 m 1.92m 1.64 m 1.97 m 1.62 m
12 0.86 d 0.85d 0.86 d (6.7) 0.83d 0.83d
(6.7) (6.7) (6.7) (6.7)
13 0.98 d 0.99 d 0.95 d (6.7) 0.95d 097 d
(6.7) (6.7) (6.7) (6.7)
14 1.96 s 197 s 1345 151s 1.61s
15 1.07 s 1.07 s 138s 1335 136 s
2 8.01d 8.07t(7.6) 6.96d (8.8) 7.95d 7.97 d
(8.8) (8.5) (8.5)
3 6.96 d 7.49¢t(7.6) 7.99d(8.8) 6.95d 6.95d
(8.8) (8.5) (8.5)
4 - 761t(7.6) - - -
5 6.96 d 7.49¢t(7.6) 7.99d(8.8) 6.95d 6.95d
(8.8) (8.5) (8.5)
6 8.01d 8.07t(7.6) 6.96d (8.8) 7.95d 7.97 d
(8.8) (8.5) (8.5)
Ar-OCH, 3.89s - 3.89s 3.88s 3.88s
2-0CO-CH; - - 197 s - 2.03s
8-OH 4.18d 419d - - -
(3.0) (3.0)
10-0CO- - - - - 211s
CH3




K. Oughlissi-Dehak et al. / Phytochemistry 69 (2008) 1933-1938 1937

Table 2

13C NMR spectral data for compounds 1-5 (500 MHz, CDCls, é¢/ppm)

Position 1 2 3 4 5

1 48.7 48.7 59.3 53.2 52.8
2 37.8 379 82.4 79.7 79.6
3 31.8 320 40.6 39.2 38.7
4 86.6 86.5 83.6 85.2 84.9
5 53.8 53.7 483 54.1 49.2
6 719 723 70.6 69.0 69.1
7 141.3 141.0 439 44.1 40.6
8 132.3 132.5 714 55.2 82.2
9 201.8 201.8 57.8 66.7 123.9
10 85.0 85.0 212.2 74.6 153.2
11 37.0 37.0 36.4 36.9 36.4
12 133 17.2 17.4 174 17.5
13 183 183 183 18.1 18.2
14 21.6 21.6 334 23.0 243
15 144 144 17.5 13.6 18.4
0-CO-Ar 165.9 166.1 166.4 166.1 166.8
1 121.9 129.7 121.8 122.1 122.2
2 131.9 129.8 131.8 131.7 131.8
3 113.9 128.7 114.1 114.1 1139
4 163.9 133.6 164.1 163.8 164.2
5' 113.9 128.7 114.1 114.1 113.9
6 131.9 129.8 131.8 131.7 131.8
Ar-OCHjs 55.5 - 55.6 55.5 55.5
2-0C0O-CH3 - - 169.4 170.9 169.9
2-0CO-CH3 - - 21.0 21.3 21.2
10-0CO-CH, - - - - 169.4
10-0CO-CH; - - - - 22.1

3.3. Extraction and isolation

Air-dried and coarsely powdered (824 g) aerial parts were ex-
tracted with hexane, dichloromethane and methanol (2.51 x 3,
each) at room temperature. The second extract, gave 16.5 g of dark
green viscous mass; 15.7 g of it was fractioned by MPLC (Si gel, 40-
63 pum, column 460 x 36 mm, 7 ml/min) using a gradient of 0:100%
ethyl acetate-hexane to afford 16 fractions.

Fraction F6 (400 mg) which was eluted with 10% EtOAc in hex-
ane was separated by MPLC (Si gel, 40-63 um, column 230 x 26
mm, 7 ml/min) using a gradient of EtOAc in hexane from 0% to
10% to obtain compound 1 (8.7 mg) and compound 2 (11.0 mg).

Fraction F7 (500 mg) which was eluted with 20% EtOAc in hex-
ane was purified by MPLC in the same conditions as fraction F6 to
give compounds 4 (4.4 mg), 5 (6.8 mg) and 11 (5.3 mg).

Fraction F12 (2.2 g), which was eluted with 30% EtOAc in hex-
ane, was again separated by MPLC (Si gel RP-18 40-63 pm, column
460 x 26 mm, 7 ml/min) using a gradient of 30-100% MeOH in
H,0. We obtained compound 8 (80.3 mg), and several subfractions,
particularly subfraction 3 [MeOH/H,0 (4:6), 52 mg], subfraction 6
[MeOH/H,0 (6:4), 67 mg], subfraction 9 [MeOH/H,0 (7:3), 34 mg],
and subfraction 19 [MeOH/H,0 (85:15), 95 mg]. Preparative TLC
(Si gel, chloroform-ethyl acetate (90:10, 85:15) of subfractions 3
and 6 were used for further purification leading to compounds
10 (6.0 mg) and 3 (5.4 mg), respectively. Subfraction 9 was further
separated by prep. TLC [Si gel, toluene-hexane (80:20)] and then
purified on a Sephadex (LH-20) column using chloroform-acetone
(70:30) to give compound 9 (6.5 mg). Subfraction 19 was purified
on semi-preparative HPLC using a gradient of MeOH in H,O (80-
100%) to afford compounds 6 (25.2 mg) and 7 (15.3 mg).

3.4. Affinity towards the recombinant C. parvum H6-NBD1

The binding of the compounds was evaluated with a purified re-
combinant nucleotide-binding domain of the CpABC3 from the
enteropathogenic protozoan parasite C. parvum (Lawton et al.,
2007). Fluorescence experiments were performed in triplicate on

a Perkin-Elmer LS-3B spectrofluorimeter in a 1 cm-path quartz
microcuvette. The recombinant protein was diluted at a concentra-
tion of 0.25 uM in 390 pl of 50 mM Tris pH 7.3, 100 mM KCl, 0.02%
HECAMEG. The ligands were added in 10 pl and the mixture was
incubated for 30 min at 20 + 2 °C. Intrinsic fluorescence emission
at 328 nm was measured upon excitation at 295 nm. Controls were
made in the same conditions with the last dialysis buffer instead of
the H6-NBD1, to eliminate any interference due to the imidazole
used during the purification process. The compounds were dis-
solved as 40 mM stock solutions in DMSO and serially diluted in
the assay buffer with a final solvent concentration of 0.25%. Con-
trols contained the same DMSO concentration. Statistics and curve
fitting were made with the Prism 4 software program from Graph-
Pad (San Diego, CA).

3.5. 10-Hydroxylancerodiol-6-anisate (1)

Amorphous white powder; [« +81.7 (c 0.08, CH,Cly); UV
(MeOH) /.max nm (loge) 259.5 (4.30). For 'H NMR and '>C NMR data
see Tables 1 and 2. HRCI/MS [M+H]" m/z 403.21195 (calc. for
Ca3H3006 403.2121). ESI/MS [M+Na]* m/z 425, [2M+Na]* m/z 827.2.

3.6. 10-Hydroxylancerodiol 6-benzoate (2)

Amorphous white powder; [)2’ +87.7 (c 0.075, CH,Cl,); UV
(MeOH) Amax nm (loge) 232 (3.92). For 'H NMR and '>C NMR data
see Tables 1 and 2. HRCI/MS [M+H]" m/z 373.20137 (calc. for
C5Ha505 373.2015). ESI/MS [M+Na]* m/z 395.2.

3.7. Vesceritenone (3)

Amorphous white powder; [o]% —239.2° (CH,Cly, ¢ 0.125); UV
(MeOH) Amax nm (loge) 257 (3.78). For 'H NMR and '>C NMR data
see Tables 1 and 2. HRCIMS [M+H]|" m/z 463.23315 (calc. for
Cy5H340g 463.2332). ESI/MS [M+Na]" m/z 485.2, [2M+Na]" m/z
947.1.

3.8. Epoxyvesceritenol (4)

Amorphous white powder; [« +27.5 (c 0.17, CHyCly); UV
(MeOH) /max nm (loge) 258 (4.23). For 'H NMR and '3C NMR data
see Tables 1 and 2. HRCI/MS [M+H]" m/z 463.23303 (calc. for
Ca5H3405 463.2332). ESI/MS [M+Na]® m/z 485.1, [2M+Na]" m/z
947.1.

3.9. 2,10-Diacetyl-8-hydroxyferutriol-6-anisate (5)

Amorphous white powder; [oc}f)o +13.68 (c 0.24, CH,Cl,); UV
(MeOH) Amax nm (loge) 257 (3.82). For 'H NMR and >C NMR data
see Tables 1 and 2. HRMS-ESI [M+Na]" m/z 527.22603 (calc. for
CysH340sNa 527.2257). ESI-MS [M+Na]* m/z 527.2, [M+K]" m/z
543.1.
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