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Abstract
The synthesis of new xanthanolide derivatives is reported starting from xanthatin, a sesquiterpenic lactone isolated from
Xanthium macrocarpum (Asteraceae). In vitro evaluation of their antifungal activity has been investigated.
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Introduction

The frequency of severe fungal infections has

escalated over the past two decades [1]. This increase

is linked with the growing number of immuno-

compromised patients as the result of a primary

infection (AIDS) or therapies used in case of cancer

and transplants. Contrary to antibiotics, the antifungal

armamentorium is essentialy limited to two classes,

namely the polyenes and the azole derivatives. Their

use for the treatment of invasive fungal infection is

sometimes limited by their secondary effects such as

the dose-dependent polyene nephrotoxicity [2], or as

the azole hepatotoxicity [3]. The closeness of the azole

target, the fungal lanosterol-14-a-demethylase, to

human cytochrome P450 also resulted in many

drug-interactions [4]. Moreover, azole resistance is a

well established cause of treatment failure, contribut-

ing to mortality rates as high as 80% in patients with

leukemia [5].

Taken into account the limited number of effective

agents, the search for new antifungal drugs is still an

urgent task and natural products could represent a

source of structural diversity towards this goal [6].
Indeed, caspofungin has been recently approved for

use against invasive aspergillosis resistant to other

therapies. This compound is representative of the
echinocandins group, originating from the fermenta-

tion of the fungus Glarea lozoyensis and its antifungal
activity is related to inhibition of the synthesis of the b-

1,3-D-glucan, an essential component of the fungal

cell wall [7]. In our group, the exploration of the
natural kingdom as a source of new compounds for

the treatment of fungal diseases led us to report the
antifungal activities of several phenolic natural

products like phenylpropanoids [8], and xanthones

[9,10]. These activities had legitimised our efforts
towards the study of their total synthesis, that

culminated with the discovery of a new pathway to

ortho-(2-hydroxy-3-methylbut-3-enyl)phenol deriva-
tives [11,12]. More recently, we have also reported

on the antifungal activities of xanthatin 1 [13], a
xanthanolide previously isolated from Xanthium
macrocarpum [14]. This type of sesquiterpenic

lactones is already known for their antimicrobial
[15], antimalarial [16], cytotoxic [17] and farnesyl

ISSN 1475-6366 print/ISSN 1475-6374 online q 2005 Taylor & Francis

DOI: 10.1080/14756360500213231

Correspondence: D. Seraphin, EA 921, Laboratoire SONAS, UFR des Sciences Pharmaceutiques et Ingénierie de la Santé, 16 Bd Daviers,
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transferase inhibitory activities [18]. The above

mentioned biological properties of these unsaturated
lactones as well as their known allergenic properties

and toxicity are associated with their ability to react in
vivo, as a Michael acceptor, with endogenous

nucleophiles [19]. In the case of xanthatin, both the

a-methylene-g-lactone and the unsaturated ketonic
side chain could show such reactivity. Therefore, in

order to clarify the role of each part of the molecule on
the antifungal activity, we decided to synthesize

several reduced xanthatin derivatives and their in
vitro antifungal activity was evaluated against three
human pathogenic fungi: Candida albicans, C. glabrata
and Aspergillus fumigatus. However, the total synthesis
of such derivatives seems a hard task to achieve. The

access to the 5,7-fused system has only been reported

for compounds without the a-methylene-g-lactone
moiety [20,21]. We therefore thought that semisynth-

esis of xanthatin derivatives would be more fruitful,
starting from xanthatin 1 and xanthinin 4 isolated

from Xanthium macrocarpum as already described

[14].

Materials and methods

Chemistry

Compounds 1 and 4 were extracted and isolated from

the leaves of Xanthium macrocarpum [14]. All reagents

and solvents were general purpose grade. Column

chromatography was performed on Si gel 60

(Marcherey-Nagel, 230–400 mesh) and preparative

TLC with Si gel plates (Marcherey-Nagel, SIL

G/UV254, 0.25 mm). The spots were detected under

UV light at 250 nm. Infrared (IR) spectra were

determined on a BRUKER FT IR Vector 22 using

neat liquid films. 1H-NMR spectra and 13C-NMR

spectra were recorded in CDCl3 with HCCl3 at

7.26 ppm as the internal standard on a BRUKER

AVANCE DRX 500 or on a JEOL GSX 270 WB

spectrometer.

Synthesis of the a-methyl-g-lactone series

11,13-Dihydro-4-hydroxyxanthatin 2. Sodium boro-

hydride (38 mg, 1 mmol) was added in small portions

to a solution of xanthatin 1 (75 mg, 0.3 mmol) in

methanol (8 mL) at 08C. After 3 h, the mixture was

acidified to pH 4 with 10% HCl. Methanol was

removed under reduced pressure and the aqueous

solution was extracted with dichloromethane

(3 £ 10 mL). The organic extract was successively

washed with saturated aqueous NaHCO3

(2 £ 10 mL), 20% aqueous NH4Cl (2 £ 10 mL),

brine (2 £ 10 mL) and water (3 £ 20 mL). The

dichloromethane extract was dried with Na2SO4,

concentrated under reduced pressure and purified by

column chromatography over silica gel with a mixture

of dichloromethane and ethyl acetate (9:1) as the

eluent to afford the alcohol 2 (liquid) as an inseparable

diastereoisomeric mixture (72 mg, 0.29 mmol) in 95%

yield. IR nmax 3436, 1765, 1455, 1380 cm21; 1H-

NMR (270 MHz, CDCl3) dH ppm, 6.07 (1H, d,

J ¼ 15.6 Hz, 2-H), 5.77 (1H, dd, J ¼ 9.2 Hz and

J ¼ 3.4 Hz, 5-H), 5.67 (1H, dd, J ¼ 15.6 Hz and

J ¼ 6.4 Hz, 3-H), 4.35 (1H, m, 4-H), 4.27 (1H, td,

J ¼ 12.4 Hz, 10.2 Hz, and 2.8 Hz, 8-H), 3.01 (1H, m,

10-H), 2.42 (1H, m, 7-H), 2.32 (1H, m, 11-H), 2.29

(1H, m, 6-Ha), 2.07 (1H, m, 6-Hb), 1.67 (1H, m,

9-Ha), 1.61 (1H, m, 9-Hb), 1.29 (3H, d, J ¼ 6.2 Hz,

15-H), 1.20 (3H, d, J ¼ 6.8 Hz, 13-H), 1.13 (3H, d,

J ¼ 7.5 Hz, 14-H), 13C-NMR (67.5 MHz; CDCl3),

dC ppm, 178.5 (C-12), 144.6 (C-1), 133.3 and 133.2

(C-2), 130.1 (C-2), 129.9 (C-5), 81.8 (C-8), 68.9

(C-4), 51.2 (C-7), 41.8 (C-11), 36.6 and 36.1 (C-9),

29.1 and 29.0 (C-10), 27.6 and 27.4 (C-6), 23.6

(C-15), 18.4 (C-14), 12.5 (C13).

11,13-Dihydroxanthatin 3. 2,3-Dichloro-5,6-

dicyanobenzoquinone (65 mg, 0.29 mmol) was

added to a solution of the alcohol 2 (72 mg,

0.29 mmol) in toluene (10 mL). The mixture was

heated under reflux for 1 h and the black precipitate

was filtered. Toluene was removed under reduced

pressure and the residue was purified on preparative

TLC, 10% ethyl acetate in dichloromethane as eluent,

yielding the unsaturated ketone 3 as a liquid (23 mg,

0.09 mmol) in 32% yield. IR nmax 1765, 1661,

1589 cm21, m/z (%) 248.1400 (100.0), 1H-NMR

(270 MHz, CDCl3) dH ppm, 7.04 (1H, d,

J ¼ 15.9 Hz, 2-H), 6.24 (1H, dd, J ¼ 9.2 Hz and

J ¼ 3.2 Hz, 5-H), 6.18 (1H, d, J ¼ 15.9 Hz, 3-H),

4.31 (1H, td, J ¼ 12.0 Hz, J ¼ 10.2 Hz and 2.5 Hz,

8-H), 3.05 (1H, m, 10-H), 2.58 (1H, qd, J ¼ 9.2 Hz,

7.1 and J ¼ 2.1 Hz, 11-H), 2.37 (1H, m, 6-Ha and

6-Hb), 2.33 (1H, m, 7-H), 2.30 (3H, s, 15-H), 2.17

(1H, m, 7-H), 1.69 (2H, m, 9-Ha and 9-Hb), 1.25

(3H, d, J ¼ 7.1 Hz, 13-H), 1.17 (3H, d, J ¼ 7.5 Hz,

14-H), 13C-NMR (67.5 MHz; CDCl3), dC ppm,

198.5 (C-4), 178.1 (C-12), 148.3 (C-2), 144.6 (C-1),

138.8 (C-5), 124.4 (C-3), 81.3 (C-8), 50.7 (C-7),
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41.9 (C-11), 36.1 (C-9), 29.0 (C-10), 28.3 (C-6),

27.9 (C-15), 18.5 (C-14), 12.6 (C-13).

Synthesis of the a-methylene-g-lactone series

11-Hydro-13-phenylselanylxanthatin 6. A yellow

solution of diphenyldiselenide (173 mg, 0.53 mmol)

in 10 mL of dry ethanol was reduced with NaBH4

(38 mg, 1.06 mmol) under nitrogen before xanthinin 4

(166 mg, 0.53 mmol) was added. The mixture was

stirred at room temperature for a few minutes. The

resulting black precipitate was filtered and washed

with cold ethanol. The filtrate was acidified to pH 4

with 10% HCl and ethanol was removed under

reduced pressure. The acidified solution was extracted

with dichloromethane (3 £ 10 mL) and the extract

was successively washed with saturated aqueous

NaHCO3 (2 £ 10 mL), 20% aqueous NH4Cl

(2 £ 10 mL), brine (2 £ 10 mL) and water

(3 £ 20 mL). The dichloromethane extract was

dried with Na2SO4 and concentrated under reduced

pressure. The residue was adsorbed on silica gel (5 g)

for 48 h at room temperature to give 6 which was

purified on silica gel with 1% to 3% of methanol in

chloroform to give the liquid 6 (175 mg, 0.43 mmol)

in 80% yield. IR nmax 2930, 1769, 1662, 1589 cm21,
1H-NMR (270 MHz, CDCl3) dH ppm, 7.51 (2H, m,

30-H and 50-H), 7.25 (3H, m, 20-H, 40-H and 60-H),

6.98 (1H, d, J ¼ 16.2 Hz, 2-H), 6.14 (1H, d,

J ¼ 16.2 Hz, 3-H), 6.00 (1H, dd, J ¼ 9.2 Hz and

J ¼ 2.9 Hz, 5-H), 4.27 (1H, td, J ¼ 9.5 Hz,

J ¼ 2.5 Hz and J ¼ 2.2 Hz, 8-H), 3.32 (1H, dd,

J ¼ 13.3 Hz and J ¼ 4.5 Hz, 13-Ha), 3.13 (1H, dd,

J ¼ 13.0 Hz and J ¼ 6.0 Hz, 13-Hb), 3.00 (1H, m,

10-H), 2.72 (1H, m, 11-H), 2.58 (1H, qd,

J ¼ 10.6 Hz, J ¼ 9.2 Hz and J ¼ 1.6 Hz, 6-Ha), 2.32

(1H, m, 9-Ha), 2.27 (3H, s, 15-H), 2.06 (1H, m,

6-Hb), 2.01 (1H, m, 7-H), 1.70 (1H, m, 9-Hb), 1.10

(3H, d, J ¼ 7.3 Hz, 14-H), 13C-NMR (67.5 MHz;

CDCl3), dC ppm, 198.4 (C-4), 175.9 (C-12), 148.2

(C-3), 144.4 (C-1), 138.7 (C-5), 132.9 (C-30 and C-50),

129.3 (C-20 and C-60), 127.4 (C-40), 124.3 (C-2), 106.3

(C-10), 81.2 (C-8), 48.6 (C-7), 47.3 (C-11), 36.1 (C-9),

28.9 (C-10),28.4 (C-6),27.9 (C-15),25.5 (C-13), 18.3

(C-14).

11-Hydro-4-hydroxy-13-phenylselanylxanthatin 7.

Preparation: Following the method for 2. (from 6

(114 mg, 0.28 mmol) with NaBH4 (17 mg,

0.42 mmol)). The residue was purified on preparative

TLC with 5% ethyl acetate in dichloromethane as the

eluent to give the liquid 7 as an inseparable

diastereoisomeric mixture (37 mg, 0.09 mmol) in

32% yield. IR nmax 3469, 1770 cm21, 1H-NMR

(270 MHz, CDCl3) dH ppm, 7.53 (2H, m, 30-H and

50-H), 7.25 (3H, m, 20-H, 40-H and 60-H), 6.01 (1H,

d, J ¼ 15.9 Hz, 2-H), 5.62 (1H, dd, J ¼ 15.9 Hz and

J ¼ 6.3 Hz, 3-H), 5.50 (1H, dd, J ¼ 8.8 Hz and

J ¼ 1.8 Hz, 5-H), 4.37 (1H, m, 4-H), 4.27 (1H, td,

J ¼ 11.3 Hz, J ¼ 8.8 Hz and J ¼ 2.1 Hz, 8-H), 3.33

(1H, dd, J ¼ 12.4 Hz and J ¼ 4.6 Hz, 13-Ha), 3.13

(1H, dd, J ¼ 13.0 Hz and J ¼ 6.0 Hz, 13-Hb), 3.01

(1H, m, 10-H), 2.71 (1H, m, 11-H), 2.50 (1H, m,

6-Ha), 2.29 (1H, m, 6-Hb), 1.99 (1H, m, 9-Ha),

2.01 (1H, m, 7-H), 1.73 (1H, m, 9-Hb), 1.32 (3H, d,

J ¼ 6.7 Hz, 15-H), 1.12 (3H, d, J ¼ 7.4 Hz, 14-H),
13C-NMR (67.5 MHz; CDCl3), dC ppm, 176.3

(C-12), 144.5 (C-1), 134.3 (C-2), 134.2 (C-3),

132.9 (C-20 and C-60), 130.0 (C-5), 129.9 (C-10),

129.2 (C-30 and C-50), 127.3 (C-40), 81.7 (C-8), 69.0

and 68.9 (C-4), 49.2 (C-7), 47.4 (C-11), 36.2 (C-9),

29.0 (C-10), 27.8 (C-6), 25.6 (C-13), 23.7 and 23.6

(C-15), 18.4 (C-14).

4-Hydroxyxanthatin 8. 10% H2O2 (75mL,

0.23 mmol) was added to a solution of the alcohol 7

(37 mg, 0.09 mmol) in dichloromethane (5 mL). The

mixture was heated under reflux for 2 h and was then

washed with water (3 £ 5 mL), dried with Na2SO4 and

concentrated under reduced pressure. The residue was

purified on preparative TLC with 3% methanol in

chloroform to give the liquid 8 (6 mg, 0.02 mmol) in

25% yield. IR nmax 3367, 1769, 1713 cm21, m/z (%)

247.1314 (28.4), 246.0511 (33.5), 230.1288 (100.0),
1H-NMR (270 MHz, CDCl3) dH ppm, 6.18 (1H, d,

J ¼ 3.2 Hz, 13-Ha), 6.09 (1H, d, J ¼ 16.6 Hz, 2-H),

5.84 (1H, dd, J ¼ 9.2 Hz and J ¼ 3.2 Hz, 5-H), 5.71

(1H, dd, J ¼ 16.6 Hz and J ¼ 6.4 Hz, 3-H), 5.46 (1H,

dd, J ¼ 3.2 Hz, 13-Hb), 4.39 (1H, m, 4-H), 4.27 (1H,

td, J ¼ 12.0 Hz, J ¼ 9.9 Hz and J ¼ 2.5 Hz, 8-H), 3.08

(1H, m, 7H), 2.66 (1H, qd, J ¼ 9.2 Hz, J ¼ 7.5 Hz and

J ¼ 2.5 Hz, 10-H), 2.53 (1H, m, 6-Ha), 2.35 (1H, m,

6-Hb), 2.18 (1H, m, 9-Ha), 1.84 (1H, m, 9-Hb), 1.33

(3H, d, J ¼ 6.4 Hz, 15-H), 1.15 (3H, d, J ¼ 7.5 Hz, 14-

H), 13C-NMR (67.5 MHz; CDCl3), dC ppm, 173.0

(C-12), 144.9 (C-1), 139.7 (C-11), 130.5 (C-2), 130.4

(C-3), 128.5 (C-15), 118.2 (C-13), 81.9 (C-8), 69.1

(C-4), 47.9 (C-7), 36.7 (C-9), 29.7 (C-10), 26.6

(C-6), 23.6 (C-15), 18.8 (C-14).

Antifungal activity

Antifungal susceptibilities of compounds 1–3 and 8

were evaluated on the following fungi: Candida

albicans (ATCC 66–390), Candida glabrata (LMA

9061085) and Aspergillus fumigatus (CBS 113–26).

They were previously cultured on yeast peptone

dextrose agar at 378C during 48 h for yeasts and 72 h

for Aspergillus. For all the compounds, a modified

disk diffusion method was used [22]. Briefly,

compounds were dissolved in DMSO and 250mg

aliquots were applied on 12 mm diameter paper

disks (ref 06234304, Prolabo 33173 Gradigan).

After evaporating the solvent, disks were placed

in the center of 90 mm-diameter casitone Petri dishes

previously flooded with 10 ml of spore suspensions.

Aspergillus suspension was prepared by frag-

menting the culture in sterile distilled water with a

Xanthatin derivatives as antifungals 577
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ground-glass grinder and the fungal suspensions were

finally adjusted spectrophotometrically to an A450 of

0.6 [23]. A positive control was made with

amphotericin B paper disk and a negative control

with drug-free DMSO.

Results and discussion

Chemistry

The reduction of the a-methylene-g-lactone function

leading to the a-methyl-g-lactone series could be

expected by the use of a soft reducing agent like

NaBH4 [24]. In the case of xanthatin, such conditions

would also lead to the reduction of the ketonic

carbonyl group. Indeed, low temperature reduction

(NaBH4, MeOH, 2788C) of 1 yielded the alcohol 2,

however in an unseparable mixture with the mono

reduced alcohol 8, in a 55/45 ratio. By an increase of

the temperature (NaBH4, MeOH, 08C), 2 was

obtained as the sole product (Scheme 1). Obtaining

the desired Michael acceptor 3 in the a-methyl-g-

lactone series then necessitated reoxidation of the

allylic alcohol 2 which was realized under Ganem

conditions (DDQ) [25]. Keeping in mind the prone

reduction of the a-methylene-g-lactone function, we

reasoned that the synthesis of derivatives only reduced

on the lateral side chain would necessitate protection

transiently of the methylenic double bond. Therefore,

the preparation of a phenylselenide adduct 5 was

envisaged (Scheme 2) [26]. Its synthesis was realized

in an unacceptable low yield (23%) when the sodium

phenylselenoate addition was directly performed on 1.

The synthesis of 5 was optimized when 1 was replaced

by xanthinin 4, a natural product isolated from

X. macrocarpum, but bearing only one electrodeficient

double bond. The phenylselenide intermediate 5 thus

obtained was unstable, yielding the elimination

product 6 during its chromatography [27]. Therefore,

5 was not purified but treated with SiO2 to yield 6 in a

good 80% overall yield. Reduction of the ketonic side

chain was then realized leading to the allylic alcohol 7.

Finally, a gentle elimination of the corresponding

selenoxide (H2O2, 08C) gave the desired Michael

acceptor 8.

Pharmacology

The antifungal activity of xanthatin 1 and its reduced

derivatives 2, 3 and 8 was evaluated in vitro against

three strains of fungal species, Candida glabrata,

C. albicans and Aspergillus fumigatus. 1 and 8 revealed

an antifungal activity similar to the positive control

(amphotericin B). Comparison of the antifungal

activity of xanthatin 1, (active against the 3 strains of

fungi), with its a-methyl-g-lactone derivative 3,

lacking of any antifungal activity at a dose of 250mg,

clearly indicated out the essential role of the a-

methylene-g-lactone function as the support of the

biological response. The same conclusion also arose

when the antifungal activity of the allylic alcohol 8 and

Scheme 1. Synthesis in the a-methyl-g-lactone series: compound 3. Reagents: (i) NaBH4, MeOH; (ii) DDQ, Toluene.

Scheme 2. Synthesis in the a-methylene-g-lactone series: compound 8. Reagents: (i) Ph2Se2, NaBH4, EtOH; (ii) SiO2; (iii) NaBH4, MeOH;

(iv) H2O2, CH2Cl2.
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its dihydro derivative 2 were compared. Therefore, the

influence of the lateral side chain on the antifungal

activity was obviously determined in the a-methylene-

g-lactone series, when the efficacy of xanthatin 1 and

of the allylic alcohol 8 were evaluated. Both

compounds inhibited the development of the three

strains, however the antifungal activity of the allylic

alcohol 8 was always lower compared to xanthatin 1.

The highest antifungal activity of 1 may rely on the

alkylating properties of the unsaturated ketonic side

chain, but the slight difference in antifungal activity

may also be explained by other parameters such as a

difference in the ability to cross the fungal cell wall.

In conclusion, an efficient chemical synthesis of

xanthatin derivatives was realized for the first time

and represented an access to the natural product 3

[28]. Moreover, the evaluation of the antifungal

activity of xanthatin 1 and its reduced derivatives in

the a-methyl-g-lactone series clearly indicated the

prime role of the a-methylene-g-lactone in the

biological activity, probably due to alkylating

properties [19]. The superior in vitro antifungal

activity of the unsaturated ketone 1 compared to

the allylic alcohol 8, could be explained by their

difference of lipophilicity. In fact, a low polarity

seems to be required for sesquiterpenes lactones to

pass through the fungal cell wall [29]. More

biological investigations would therefore be needed

in order to determine the target of these sesqui-

terpenic lactones and to explain the contribution of

the unsaturated ketonic side chain to the antifungal

activity of xanthatin.
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Table I. In vitro antifungal activity of the tested compounds

expressed by measurement of the inhibition diameter of the growth

of yeasts (in mm) after inoculums of 250mg.

Compounds C. albicans C. glabrata A. fumigatus

Amphotericin B 31 32 31

1 32 45 16

2 0 0 0

3 0 0 0

8 13 35 13
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