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Melampodium divaricatum is a medicinal plant, which occurs in Central America. In a
recent paper we reported the occurrence of acylated 2-hydroxy thymol glycosides as main
constituents in this plant. This paper deals with the isolation of two new 2,5-dihydroxythymol
ester derivatives. The formerly reported sesquiterpene lactone mikanokryptin was not found
in our plant material.

Introduction

Melampodium divaricatum is a member of the
Asteraceae, which is widespread throughout
Central America. Its leaves are used in Guatemala
for treatment of malaria and stomach pains, and
the whole plant is used against influenza (Giron
et al., 1991). In Mexico embolism is treated with
an infusion of the whole plant (Martinez Alfaro,
1984) and it is used as remedy for wounds, as anti-
dysenteric and anticonvulsive, taken orally or rec-
tally (del Amo, 1980; Morton, 1981; Martinez,
1990).

It was reported that the terpenoid fraction of M.
divaricatum contains several sesqui- and diter-
penes as well as a variety of acylated 2-hydroxy-
thymol 3-O-glycosides (Bohlmann and Le Van,
1977; Hubert and Wiemer, 1985). The latter group
of compounds, only found in M. divaricatum so
far, grew by addition of twelve acylated 2-hydro-
xythymol 3-O-diglycosides containing fucose and
quinovose as sugar moiety (Hüther et al., 1999).

The occurrence of the sesquiterpene lactone mi-
kanokryptin (3), reported by Herz and Kalyanara-
man (1975) in plant material collected in Panama,
was challenged by Seaman et al. (1980), who could
not find this compound in a collection from Costa
Rica. They additionally argued that mikanokryp-
tin is the only guaianolide found in Melampodium
species and the plant material investigated by
Herz and Kalyanaraman (1975) may therefore be
mixed up with Mikania micrantha, which is rich in
mikanokryptin (Herz et al., 1975). Since sesqui-
terpene lactones have successfully been tested
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against widespread vectors of dysentery (Pass-
reiter et al., 1999), and different Plasmodium spe-
cies causing malaria (François et al., Agtmael et al.,
1999), it was interesting to check, if such com-
pounds and especially 3 are present in M. divarica-
tum.

Results and Discussion

In order to detect even the smallest quantities
of mikanokryptin (3) in M. divaricatum, we firstly
isolated this sesquiterpene lactone from M.
micrantha collected in Mexico and proved its iden-
tity by NMR. The methanol-soluble parts of the
dichloromethanic extract from M. divaricatum
were then screened by GC-MS. Although no mi-
kanokryptin was found, which confirmed the the-
ory of Seaman et al. (1980), we found one fraction,
possibly containing unsaturated C-5 acid ester de-
rivatives of mikanokryptin, which could be as-
sumed from the fragment ions found in their
GC-MS spectrum (see Experimental). Although
the 13C NMR spectra coincidentally showed 19
signals representing 20 carbons of a major com-
pound 1, which could be caused by fifteen carbons
of a sesquiterpene lactone plus five carbons of a
unsaturated acid, it was unambiguously clear by
their shift values that the isolated compound was
no lactone, but an aromatic monoterpene diester.
The main compound 1 was additionally accompa-
nied by 25% impurities consistent of a similar or
even isomeric compound 2. Since ten of the 20
major signals found for 1 were caused by the pres-
ence of two angelic acid ester groups (C-1�ÐC-5�
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Fig. 1.

and C-1�ÐC-5�) (Budesinsky and Saman, 1987; Jo-
seph-Nathan et al., 1984), the remaining 9 signals
representing ten carbons identified the alcohol
component as a derivative of p-cymene. The sig-
nals were assigned to three methyl carbons at
δ 16.5 (C-7) and 20.6 (C-9,C-10), one aliphatic
methine carbon at δ 26.07 (C-8) and six aromatic
carbons at δ values between 126.1 and 146.6
(C-1ÐC-6). Only one of the latter (C-6) showed a
correlation to a proton (H-6, δ 6.5 ppm) in the
HMQC spectrum, the other five were found to be
quartenary, three of which by oxygenation (C-2,
C-3, C-5). After interpretation of the signals found
in the 1H NMR and the corresponding cross peaks
found in the 2d-COSY and HMQC spectra, 1 was
unambiguously identified as 2,3,5-trihydroxy de-
rivative of the monoterpene p-cymene, esterified
twice by angelic acid. However, the positions of
the angelic ester groups could only be deduced
from the additionally recorded long-range HMBC
spectrum, which also allowed the assignment of all
aromatic carbon signals. From the cross peaks
found, it was clear, that the two angelic acids are
attached to hydroxyl groups at C-2 and C-5 while
the C-3 hydroxyl group is free.

Compound 2 only differed from 1 by the posi-
tion of one ester side chain. While both com-
pounds had one angelic acid attached to the hy-
droxy group at C-5, the second ester in 2 was
found at C-3, as seen from its HMBC spectrum.

Both compounds are new natural compounds.
The 2,3,5-trihydroxy derivatives of the monoter-
pene p-cymene can also be interpreted as deriva-
tives of 2-hydroxythymol, which was found as an
aglycone in several glycosides isolated from M. di-
varicatum. However, trihydroxylated aromatic
monoterpenes have never been found as a glyco-
side in M. divaricatum.

The presence of the sesquiterpene lactone mika-
nokryptin can be ruled out in our plant material
after this investigation. The identity of the Pana-
manian plant material containing mikanokryptin is
therefore questioned again, as much as Seaman
(1980) suggested after investigation of plants from
Costa Rica. The only excuse could be the occur-
rence of a chemical race, which has not proven yet.

Material and Methods

Plant material. Melampodium divaricatum
(Rich. in Pers.) DC. cv. Medallion was cultivated
in the New York Botanical Garden, Bronx, NY,
and collected in summer 1994 at the flowering
stage. A voucher specimen was deposited at the
herbarium of the Institute for Pharmaceutical Bi-
ology at the Heinrich-Heine-University of Düssel-
dorf, Reg. No. 147.

Extraction and isolation. Dried and powdered
aerial parts (1025 g) of M. divaricatum were ex-
tracted with CH2Cl2 and the extract (43 g) macer-
ated 5 times with 100 ml MeOH. The extract was
divided into nine fractions by gel chromatography
of the soluble material (21 g) with Sephadex
LH-20/MeOH. Fraction 4 containing 1 and 2 was
further purified by CC on silica gel using toluene/
EtOAc 9:1 v/v as mobile phase. After MPLC on
a LiChroprep RP-18 column using a MeOH/H2O
gradient a yellow oil (8.7 mg) was obtained consis-
tent of a inseparable mixture of 1 and 2.

MPLC: RP 18 (LiChroprep 15Ð25 µm), 150 ¥
10 mm, H2O/MeOH gradient starting at 0%
MeOH. The medium was changed to H2O/MeOH
(40:60 v/v) by 6% per min, to H2O/MeOH (10:90 v/
v) by 0.33% per min and finally to 100% MeOH by
1% per min. Detection: UV 220 nm. TLC: silica gel
60 F254, toluene-EtOAc (2:3); detection: anisalde-
hyde-H2SO4, compounds 1Ð2 brown, later yellow.
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NMR: Varian VXR 300 and Bruker ARX 400.
GC-MS: EI (70 eV) HP MSD 5972 with GC 5890

plus (HP); Optima-1 (MN), 25 m ¥ 0.25 mm; 150 ∞C
(3 min) to 280 ∞C at 10∞ minÐ1; Rt (min): 13.57, not
separated; 150 ∞C (1 min) to 280 ∞C at 10 ∞ minÐ1;
Rt (min): 1 and 2: 10.3 min, not separated.

HPLC: HP 1050, DAD, 215 and 260 nm, Hypersil
120Ð5 ODS (5 µm, 125 ¥ 4.6 mm), flow 3.0 ml
minÐ1. MeOH-H2O (60:40) to MeOH (100%) at
2% per min. Rt (min): 1 and 2: 8.3 min, not sepa-
rated.

TLC: Silica gel 60 F254; toluene/EtOAc (4:1);
anisaldehyde/H2SO4; Rf: 0.7.

2,5-Diangeloyloxythymol (1) and 5-Angeloy-
loxy-2-hydroxythymol angeloat (2): λmax MeOH/
H2O (1:1): 222 nm, 269 nm. EI-MS m/z (rel. int.):
346 [M]+ (1), 264 [MÐC4H6CO]+ (1), 182 [M Ð 2 ¥
C4H6CO]+ (1), 167 [182-CH3]+ (1), 91 (1), 83
[C4H7CO]+ (100), 69 (1), 55 [83 -CO] (59), 53 (4),
41 (1).

IR (KBr), νmax cmÐ1: 3440 (OH), 1730 (CO, α,�-
unsaturated ester), 1645 (C = C).

1H NMR (300 MHz, CDCl3, TMS): 1: δ 6.50
(1H, d, J = 0.8 Hz, H-6), 6.36 (1H, m, H-3�), 6.26
(1H, m, H-3�), 3.20 (1H, m, H-8), 2.12 (3H, s (br.),
H-7), 2.11 (3H, d, J = 6.0 Hz, H-4�), 2.10 (3H, s,
H-5�), 2.08 (3H, d, J = 6.0 Hz, H-4�), 2.06 (3H, s,
H-5�), 1.30 (6H, d, J = 7.1 Hz, H-9, H-10). 2: δ 6.73
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(1H, d, J = 0.7 Hz, H-6), 6.36 (1H, m, H-3�), 6.26
(1H, m, H-3�), 3.01 (1H, m, H-8), 2.23 (3H, s (br.),
H-7), 2.10 (3H, d, J = 6.0 Hz, H-4�), 2.10 (3H, s,
H-5�), 2.07 (3H, d, J = 5.9 Hz, H-4�), 2.06 (3H, s,
H-5�), 1.22 (6H, d, J = 7.1 Hz, H-9, H-10).

13C NMR (300 MHz, CDCl3, TMS): 1: δ 166.41
(C-1�), 165.25 (C-1�), 146.61 (C-3), 146.28 (C-5),
142.60 (C-3�), 140.55 (C-3�), 135.47 (C-2), 128.41
(C-1), 127.17 (C-2�), 126.37 (C-2�), 126.05 (C-4),
116.38 (C-6), 26.07 (C-8), 20.76* (C-5�), 20.74*
(C-5�), 20.62 (C-9, C-10), 16.47 (C-7), 16.25 (C-
4�), 15.94 (C-4�) *assignment interchangeable. 2: δ
166.62 (C-1�), 165.61 (C-1�), 137.50 (C-3), 141.74
(C-5), 142.30 (C-3�), 140.74 (C-3�), 143.64 (C-2),
124.36 (C-1), 127.13 (C-2�), 126.49 (C-2�), 130.08
(C-4), 122.44 (C-6), 26.46 (C-8), 20.76* (C-5�),
20.74* (C-5�), 21.02 (C-9, C-10), 15.70 (C-7), 16.13
(C-4�), 15.94 (C-4�) *assignment interchangeable.
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