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The investigation of the ethanol extract of Acanthospermum australe, collected in the province of
Misiones, Argentina, yielded eight melampolides (1-8) of the acanthospermal type. Two of them, 83-
hydroxy-9a-(2-methylbutyryloxy)-14-oxo-acanthospermolide (3) and 9a-hydroxy-8f3-(2-methylbu-
tyryloxy)-14-oxo-acanthospermolide (7) are new compounds. Two other compounds (4 and 8) have
been previously reported, and the NMR data of 4 are corrected. Compounds 1, 2, 5 and 6 have not been
previously reported, but are probably artifacts formed during extraction. Compounds 3, 6 and 7 showed
slight antibiotic activity against Gram-positive bacteria.

© 2009 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

1. Introduction

Acanthospermum australe (Loefl.) Kuntze is an annual shrub
widely distributed in South America. It is commonly known as
“tapekué” and is used in folk medicine as antiseptic, antiin-
flamatory and diuretic. As part of a systematic survey of the native
flora of the province of Misiones (Argentina) we decided to
investigate this plant as a source of secondary metabolites which
could be subsequently transformed into new bioactive substances.
A. australe, as many species belonging to the tribe Heliantheae,
subtribe Melampodiinae is well known for producing a variety of
melampolides, which can be useful as chemotaxonomic markers
(Herz and Kalyanaraman, 1975; Seaman et al., 1980). Previous
investigations of A. australe have led to the isolation of
germacranolides, melampolides, diterpene lactones and 6-meth-
oxyflavonoids (Bohlmann et al.,, 1979; Bohlmann et al., 1981;
Matsunaga et al., 1996). The only previous work on argentinean
samples of A. australe was that of Debenedetti et al., 1987, in which
only 6-methoxyflavonoids were reported and no mention was
made on the melampolide composition of this species.

In our present work, we were able to isolate and fully
characterize eight melampolides from A. australe collected in
Misiones, Argentina. Two of these compounds (3 and 7) are new,
while other two (4 and 8) have been previously reported.
Compounds 1, 2, 5 and 6, all bearing an ethoxy group at C-9,
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have not been previously reported but are probably artifacts
formed during extraction.

2. Results and discussion

Ethanol extraction of fresh plant material, followed by partition
between MeOH/H,0O (9:1) and cyclohexane, afforded a polar
subextract which, after fractionation on Sephadex LH-20, silica gel
and reversed phase HPLC (see Section 3), yielded eight melampo-
lides (1-8, Fig. 1) of the acanthospermal type. All compounds were
identified by careful interpretation of complete sets of 2D NMR
spectra.

The molecular formula of compound 3 was shown to be
Cy0H2606 on the basis of its HRMS ESI/APCI (m/z: 385.1630
[M+Na]*), which indicated eight degrees of unsaturation. By
observation of the NMR spectra (see Table 1), six of these could be
readily identified as: an aldehyde, two ester carbonyls and three
double bonds. This suggested the presence of a bicyclic sesqui-
terpene lactone such as a melampolide. The 'H NMR spectrum
showed some characteristic features of acanthospermal melam-
polides: an aldehyde group (§: 9.42 (1H, d, 2 Hz, H-14)) conjugated
with a 1-10-cis double bond (6.73 (1H, dd, 10, 8 Hz, H-1)); an -
methylene-y-lactone showing two one-proton doublets (3 Hz) at
§: 6.35 and 5.64, both coupled to a multiplet at §: 2.44 (H-7) and
showing long- range H-C correlations in the HMBC spectrum to the
lactone carbonyl at §: 169.3 (C-12). The presence of a single 2-
methylbutanoate moiety was evident from the 'H NMR spectrum.
A long range HMBC correlation between the proton at §: 5.05 (1H,
dd, J8-9 =8 Hz, J9-14=2Hz, H-9) and the 2-methylbutanoate
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Table 1
NMR data of compounds 3 and 7 ('H 500 MHz; '*C 125 MHz; CDCls).
3 7
813¢ 8H 813¢ 8H
1 159.4 6.73 dd (10, 8) 153.8 6.65 dd (10, 8)
2 26.8 293 m 24.9 2.65 m
2.62 m 2.41 m
3 36.9 2.44 m 35.4 2.44 m
2.08 m 2.10 m
4 138.5 - 135.7 -
5 126.9 4.87 d (10) 125.6 491 d (10)
6 742 5.19 dd (10, 10) 73.8 5.06 dd (10, 10)
7 51.3 2.44 m 49.9 2.57 dd (7, 3)
8 68.0 531d(7) 69.8 639d (8)
9 72.7 5.05 dd (8, 2) 69.3 3.91d (8)
10 141.5 - 144.6 -
11 136.0 - 167.4 -
12 169.3 - 1329 -
13 1203 6.35d (3) 1201 6.26 d (3)
564 d (3) 565 d (3)
14 1942 942d(2) 195.1 947d (2)
15 17.0 1.97 brs 15.6 191s
2-MeBu 176.3 - 174.8 -
41.0 237 m 399 2.42 m
26.7 1.66 m 25.5 1.67 m
1.47 m - 149 m
163 1.09 d (7) 15.4 1.13d (7)
115 0.88 t (7) 114 0.92 t (7)

carbonyl at 8C: 176.3 clearly defined the substituted position as C-
9. Arelatively large (2 Hz) W-coupling was observed between H-9
and the aldehyde. Two additional oxidized carbons were obser-
vable in the HSQC spectrum: one of them (6C: 74.2; 6H: 5.19, t,
10 Hz) was assigned to C-6 due to the HMBC correlation of its
proton with the lactone carbonyl together with the COSY
correlation between H-6 and H-7. The remaining signal (§C:
68.0; SH: 5.31, d, 8 Hz) was attributed to C-8 due to the COSY
correlation between H-8 and H-9. A hydroxyl group was located at
C-8 in order to account for the molecular formula. The third double
bond was located between C-4 and C-5 due to the observed
coupling between the typically upfield shifted olefinic proton H-5
(8: 4.87, d, 10 Hz) and H-6. The remaining substituent on this
double bond was identified as a methyl group (8: 1.95, brs) from its
allylic coupling (COSY) to H-5 and the observed long range H-C
correlations. The relative stereochemistry at C-7, C-8 and C-9 was
obtained by interpretation of the coupling constants and the
correlations observed in a ROESY experiment. In this way,
compound 3 was identified as 8(3-hydroxy-9a-(2-methylbutyr-
yloxy)-14-oxo-acanthospermolide.

Compound 7 had the same molecular formula as 3, C;0H260s,
obtained by HRMS ESI/APCI (m/z: 385.1633 [M+Na]*). The 'H NMR
spectra of compounds 7 and 3 were very similar, suggesting that 7
had also the structure of an acanthospermal melampolide with a
single 2-methylbutanoate substituent (see Table 1). The difference
between both compounds was the substitution pattern. In the case
of compound 7, H-9 was strongly shifted upfield (§: 3.91, d, 8 Hz)
when compared to compound 3. This suggested that in 7, C-9 was
not esterified. On the other hand, H-8 (§: 6.39, d, 8 Hz) showed a
marked downfield shift. The identity of H-9 was verified by
observation of the characteristic W-coupling to the aldehyde and

the correlations observed in the HMBC spectrum. A strong
correlation of H-8 to the 2-methylbutanoate carbonyl in the
HMBC spectrum confirmed that in compound 7, C-9 was
hydroxylated and C-8 was esterified. Compound 7 was thus
identified as 9a-hydroxy-8p3-(2-methylbutyryloxy)-14-oxo-
acanthospermolide.

The structures of compounds 4 and 8 had been previously
reported and were identified by comparison of their NMR spectra
with published data (Bohlmann et al., 1984; Saleh et al., 1980). In
the case of compound 4, there is a significant difference in the
chemical shift of H-1 (our data=JH-1: 6.65 (dd, 10; 7); Saleh
etal.= 6H-1:6.93 (11; 6.4)), while the rest of the reported shifts are
quite similar. The structure of 4 was confirmed as identical to that
reported and in our case was supported by 2D NMR (HSQC, COSY,
ROESY) at 500 MHz, while in the previous reference only
incomplete 'H NMR data at 90 MHz were reported. It is possible
that the compound isolated by Saleh et al. might have a different
stereochemistry at the 1-10 double bond, leading to a germacra-
nolide skeleton instead of a melampolide.

Compounds 1, 2, 5 and 6 have not been previously reported, and
all have an ethoxy substituent at C-9. 'H NMR spectral data are
shown in Supplementary data. These compounds are probably
artifacts formed with the solvent during the extractive process. A
similar finding had been previously described in melampolides
(Xiang et al.,, 2005). Taking into account that extraction with
methanol is a widespread practice in many research groups, the
presence of several reported lactones bearing a methoxy group at
C-9 should raise some concern as to whether these compounds
may also be artifacts formed by a similar process.

Compounds 6 and 7 showed mild antibiotic activity against
Staphylococcus aureus, (growth inhibition zones of 7 and 9 mm
respectively) at 50 pg/6 mm disk. Compound 3 showed a growth
inhibition halo of 9 mm against Bacillus subtilis, while none of the
tested compounds were active against Escherichia coli. Gentamicin
was used as positive control (25-30 mm halo at 25 wg/6 mm disk).

3. Experimental
3.1. General

NMR experiments were performed on a Bruker Avance 2
(500 MHz) instrument at 500.13 MHz for 'H and 125.13 MHz for
13C. All spectra were recorded in CDCl; using TMS as internal
standard. All 2D NMR experiments (COSY, HSQC, HMBC, ROESY)
were performed using standard sequences. ESI/APCI HRMS
experiments were recorded at UCR Mass Spectrometry Facility,
California, USA, on a Micromass Ultima Global QTOF high
resolution mass spectrometer. Optical rotations were measured
on a PerkinElmer 343 polarimeter. Dry column flash chromato-
graphy was carried out on silica gel (Aldrich Chemical Co.). HPLC
separations were performed using a Thermo Separations Spec-
traSeries P100 pump, a Thermo Separations Refractomonitor IV RI
detector and a Thermo Separations SpectraSeries UV 100 detector,
with simultaneous UV (220 nm) and RI detection. An YMC RP-18
(5 pm, 20 mm x 250 mm) column working at a flow rate of 5 mL/
min was used for separations. All solvents were HPLC grade
(typically acetonirile/water 1:1). Typical retention times in the
previous conditions were: 1 (1 h 13 min); 2 (1 h 40 min), 3
(42.5 min), 4 (23.5 min), 5 (33 min), 6 (26.5 min), 7 (31 min), 8
(70 min). Sephadex LH-20 was obtained from Pharmacia Inc.;
TLCs were carried out on Merck Silicagel 60 F,s4 plates, using
CH,Cl,/EtOAc mixtures as mobile phase. TLC plates were sprayed
with 2% vainillin in conc. H,SOy4; all compounds gave purple-blue
spots. Typical Ry values in CH,Cl,/EtOAc (80:20) were the
following: 1 (0.74), 2 (0.73), 3 (0.73), 4 (0.40), 5 (0.53), 6 (0.53),
7 (0.34), 8 (0.43).
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1 OCOCH(CHs)> OEt H

2 OCOCH(CH3)CH,CHj4 OEt H

3 OH OCOCH(CH3)CH;CH,4 H

4 OCOCH(CH3)2 OH H

5 OCOCH(CH3)CH,CHs OEt OH

6 OCOCH(CHz). OEt OH

T OCOCH(CH3)CH,CHjs OH H

8 OCOCH(CH;)CH,CHs OCOCH(CH3)CH,CHs OH

Fig. 1. Structure of acanthospermolides 1-8.

3.2. Plant material

The aerial parts of A. australe were collected at Santa Ines,
Gurupa, Misiones province, Argentina in March 2006. A voucher
specimen (N° 1443) was identified by Prof. Manuela Rodriguez
(Universidad Nacional de Misiones, Argentina) and was deposited
at the herbarium (FCEQN, Universidad Nacional de Misiones).

3.3. Extraction and isolation

Fresh plant material (2.5 kg) was ground and extracted twice at
room temperature for 3 days with ethanol (6 L). The combined
extracts were evaporated in vacuo to yield a residue of 7.9 g. This
residue was partitioned between MeOH/H,0 (9:1) and cyclohex-
ane. The polar phase (7.0 g) was concentrated under reduced
pressure to an aqueous suspension and partitioned between EtOAc
and water. The organic phase (2.70g) was permeated in a
Sephadex LH-20 column, using MeOH as eluant, and 19 fractions
of 200 mL each were collected. Fraction 5 (0.9834 g) was subjected
to dry column flash chromatography on silica gel (CH,Cl,/EtOAc
gradient). The fractions eluted with CH,Cl,/EtOAc 8:2 (E2 and E3)
were purified by preparative HPLC with acetonitrile/H,0 (1:1) as
eluant. E; (0.1813 g) yielded 1 (3.1 mg); 2 (7.3 mg) and a fraction
(H10, 3.5 mg), which was purified by TLC with CH,Cl,/EtOAc 7:3 as
eluant to yield 3 (2.7 mg). On the other hand, separation of E3
(0.1066 g) by HPLC under the same conditions afforded 5
(21.2 mg), a fraction H30 (2.4 mg) which was purified by TLC
(CH,Cl,/EtOAC 8:2) to yield 4 (1.1 mg), and fractions H32 (8.9 mg)
and H35 (12 mg) which were purified by TLC in the same
conditions to yield 6 (1.4 mg), 7 (5 mg) and 8 (2 mg).

3.4. 83-Hydroxy-9a-(2-methylbutyryloxy)-14-oxo-
acanthospermolide (3)

Yellow pale oil, [at]: —79.4 (c = 0.18, CH,Cl,). ESI-APCI-MS: m/z:
385.1630, calculated for CooH60gNa [M+Na]* 385.1627. 'H and
13C NMR spectral data are shown in Table 1.

3.5. 9a-Hydroxy-8[3-(2-methylbutyryloxy)-14-oxo-
acanthospermolide (7)

Yellow pale oil, [at]: —36.3 (c = 0.22, CH,Cl,). ESI-APCI-MS: m/z:
385.1633, calculated for CooH260¢Na [M+Na]* 385.1627. 'H and
13C NMR spectral data are shown in Table 1.

4. Antimicrobial assays

The antibiotic activity was determined by the agar diffusion
method using 50 pg of sample/6 mm disk against B. subtilis ATCC
6633, S. aureus ATCC 25923 and E. coli ATCC 25922. All samples were
dissolved in CH,Cl, and applied to the disks. The incubations were
carried out at 37 °C in 10% CO,, and were started immediately after
drying ofthe sample under nitrogen. Gentamicin was used as positive
control, showing grown-inhibition halos 0of25-30 mmat 25 g/disk.
A negative control (only CH,Cl,, no halo) was run in parallel.

Acknowledgements

This research was supported by grants from CONICET (PEI
6478), UBA (X 260 Programacion 2004-2007) and ANPCyT (PICT
(2003) 14321). We thank Mr. José Gallardo and Lic. Gernot Eskuche
(UMYMFOR-CONICET) for recording some of the NMR spectra. M.
Sanchez thanks CONICET for a postdoctoral fellowship.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.phytol.2008.12.007.
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