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Phytochemical investigation of the dried aerial parts of Mikania micrantha led to the isolation of a new sesquiterpene,
3�-acetoxy-1,10-epoxy-4-germacrene-12,8;15,6-diolide (1), along with six known constituents: 1,10-epoxy-4-germacrene-
12,8;15,6-diolide (2), dihydromikanolide (3), potassium mikanin 3-sulfate (4), mikanin (5), alpinetin (6), and ergosta-
7,22-dien-3�-ol (7). Their structures were elucidated by spectroscopic methods, and the molecular structures and
stereochemistry of sesquiterpene lactones 1-3 were revealed by single-crystal X-ray analysis. Compound 2 showed
moderate activity against respiratory syncytial virus (IC50 ) 37.4 uM) and parainfluenza type 3 virus (IC50 ) 37.4 uM)
with a therapeutic index (TI) of 16.0 for both compounds. Compound 4, the main component of M. micrantha, exhibited
inhibitory activity against parainfluenza type 3 virus with IC50 (19.7 uM) and TI (24.0) values comparable to those of
ribavirin, serving as a positive control.

Mikania micrantha H.B.K. (Compositae) is a fast-growing,
perennial creeping vine native to tropical America. It has spread
to other tropical areas in the Old World and in Australia and the
Pacific Islands. Away from its native homeland and natural enemies,
this vine has become extremely weedy, reproducing rapidly both
vegetatively and sexually, and thus smothering young tree crops
and other plants in disturbed terrestrial habitats. Moreover, it
contains allelopathic substances that inhibit the growth of other
plants and reduce nitrification in soil.1,2 It is known that herbicides
such as glyphosate can kill it,3 but large-scale herbicide application
would certainly lead to widespread environmental pollution and
damage to native vegetation. Various parasites have been suggested
as potential biocontrol agents for this vine, but repeated releases
of its natural enemy (Liothrips mikaniae) in Malaysia and Solomon
Islands failed, while tests on other pests have not yet produced
applicable results.4-6 Therefore, in many delicate habitats such as
mangroves in Hong Kong where migratory birds visit and breed,
removing the weed by hand appears to be the only alternative.
Indeed, in the mangrove reserves along the coast of Shenzhen, the
city connected to Hong Kong, servicemen patrolling the border were
called in to help remove the vine manually. These servicemen
posted slogans in the mangrove, calling for “the whole nation to
mobilize all hands to eradicate Mikania”.7 While weeding of M.
micrantha is a legitimate approach, we are exploring the alternative
of “turning this weed into drug”. The importance of weeds to
ethnopharmacology and therapeutic application is also noted by
other researchers.8

Previous studies have reported that M. micrantha is used to treat
skin itches and athlete’s foot as an alternative medicine in Jamaica,
and the sesquiterpenes mikanolide and dihydromikanolide show
antibacterial and antimicrobial activities.9 Chemical studies have
established that M. micrantha contains essential oils and sesquit-
erpenoid lactones of the germacrane type.10,11 Related species of
the same genus have been reported to exhibit cytotoxic,12 anticar-
cinogenic,13 antiallergic,14 antiulcer,15 antiprotozoal,16 insecticidal,
and trypanocidal activities.17

In our screening tests, we found that the methanol extract of the
dried aerial part of M. micrantha showed inhibitory activities against

respiratory syncytial virus (RSV, IC50 ) 60 µg/mL). Further work
led to the isolation of a new sesquiterpene, 3�-acetoxy-1,10-epoxy-
4-germacrene-12,8;15,6-diolide (1), as well as six known constitu-
ents: 1,10-epoxy-4-germacrene-12,8;15,6-diolide (2), dihydromi-
kanolide (3), potassium mikanin 3-sulfate (4), mikanin (5), alpinetin
(6), and ergosta-7,22-dien-3�-ol (7). We here report the structure
elucidation and antiviral activity against respiratory viruses of these
compounds.

Compound 1 was obtained as colorless triangular plates. HR-
FABMS analysis indicated a quasimolecular ion [M + H]+ at m/z
337.3467, corresponding to a molecular formula C17H20O7 with eight
degrees of unsaturation. The formula was also confirmed by the
EI mass spectrum (m/z 336 [M]+). The IR bands at 1777 and 1750
cm-1 suggested the presence of acetyl and lactone functionalities.
The 1H and 13C NMR spectral data (Tables 1) indicated three methyl
groups at δ 1.25 (d, J ) 7.2 Hz, H3-13), 1.07 (s, H3-14), and 2.16
(s, H3-17), seven methines including four oxymethines at δ 2.96
(dd, J ) 2.0, 10.4 Hz, H-1), 5.59 (br d, J ) 2.0 Hz, H-3), 5.40 (s,
H-6), and 4.58 (dt, J ) 4.4, 11.2 Hz, H-8), an olefinic proton at
7.96 (s, H-5), two methylenes, and five quaternary carbons including
one ester carbonyl at δ 169.1 (s, C-16), two lactone carbonyls at
δ 175.6 (s, C-12) and 169.6 (s, C-15), one olefinic carbon at δ
130.9 (s, C-4), and a carbon bound to oxygen at δ 56.8 (s, C-10).
HMBC correlations from the methyl group at δ 2.16 confirmed
the location of the acetyl group at C-3. 1H-1H COSY, HSQC, and
HMBC experiments facilitated assignment of all 1H and 13C NMR
signals (Tables 1). An X-ray crystallographic study was performed
to confirm the structure and relative configuration of 1 (Table 2).
A perspective view of the molecular structure is given in Figure 1.
Accordingly, compound 1 was characterized as 3�-acetoxy-1,10-
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Scheme 1. Structural Formulas of Compounds 1-3
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epoxy-4-germacrene-12,8;15,6-diolide, an epimer of dihydroscan-
denolide isolated from M. scandens.18

Compound 2 was obtained as colorless plates. Its molecular
formula was identified as C15H18O5 from the EIMS spectrum (m/z
278 [M]+) and HRFABMS spectrum (m/z 279.3118 [M + H]+).
UV (209 nm) and IR (1760 cm-1) indicated the presence of lactone

functionalities in 2. The 1H and 13C NMR spectra (Table 1) were
similar to those of 1 except for the absence of an O-acetyl group
at C-3. X-ray diffraction analysis revealed the complete structure
and stereochemistry of 2, showing the framework of a 10-membered
ring fused with an expoxide and two lactone rings. A perspective
view of the molecular structure of 2 is given in Figure 2. Therefore,
compound 2 was identified as 1,10-epoxy-4-germacrene-12,8;15,6-
diolide. Compound 2 was isolated from M. periplocifolia three
decades ago.19 However, the crystal structure and spectral data were
not reported except for partial proton NMR data. We thus identified
it from M. micrantha for the first time.

The known compound 3 was identified as dihydromikanolide
by comparison of its physical data with reported values18 and further
confirmed by X-ray analysis. A perspective view of the molecular
structure of 3 is given in Figure 3. The crystal structure of 3 was
reported three decades ago, but with lower precision (R ) 0.062
for 1486 reflections).20 It was also identified from M. micrantha
for the first time.

All three sesquiterpene lactones have a 10-membered ring, a
saturated lactone ring, and an unsaturated lactone ring. The 10-
membered ring A in 1 and 2 is fused with one epoxide ring, whereas
in 3 it is fused with two epoxide rings, which make a dihedral
angle of 145.7°. This structural difference leads to different

Table 1. 1H and 13C NMR Data of Compounds 1 and 2 in DMSO-d6

1 2

position δc, mult. δH (J in Hz) δc, mult. δH (J in Hz)

1 57.9, CH 2.96, dd (2.0, 10.4) 60.9, CH 2.81, dd (2.0, 9.6)
2 28.8, CH2 2.22, dt (2.0, 12.8) 2.62, dd (10.4, 12.8) 22.3, CH2 1.29, m 2.05, m
3 66.6, CH 5.59, br d (2.0) 21.3, CH2 2.49, m
4 130.9, qC 130.7, qC
5 148.4, CH 7.96, s 149.3, CH 7.79, s
6 80.2, CH 5.40, s 79.4, CH 5.25, s
7 52.5, CH 1.65, dd (4.4, 12.0) 52.6, CH 2.56, m
8 77.2, CH 4.58, dt (4.4, 11.2) 77.2, CH 4.40, dt (4.4, 11.3)
9 41.9, CH2 1.91, dd (4.4, 14.4) 2.04, dd (11.2, 14.4) 42.5, CH2 1.87, dd (4.4, 14.0) 2.01, dd (11.3, 14.0)
10 56.8, qC 56.6, qC
11 39.2, CH 2.90, dq (7.2, 12.0) 39.7, CH 2.93, dq(6.8, 12.8)
12 175.6, qC 175. 7, qC
13 13.0, CH3 1.25, d (7.2) 13.0, CH3 1.25,d (6.8)
14 20.8, CH3 1.07, s 19.9, CH3 1.05, s
15 169.6, qC 171.8, qC
Ac 169.1, qC 20.0, CH3 2.16, s

Table 2. Crystallographic Data of Compounds 1, 2, and 3

1 2 3

CCDC deposit no. 161088 161087 161086
color/shape colorless/triangular plate colorless/rectangular plate colorless/plate
cryst dimens (mm3) 0.09 × 0.46 × 0.65 0.28 × 0.40 × 0.62 0.21 × 0.34 × 0.66
chemical formula C17H20O7 C15H18O5 C15H16O6
fw 336.33 278.25 292.28
temperature, K 293(2) 293(2) 293(2)
cryst syst monoclinic monoclinic monoclinic
space group P21 P21 P21

unit cell dimens a ) 6.280(1) Å a ) 9.464(1) Å a ) 9.225(1) Å
b ) 9.702(2) Å b ) 6.9503(8) Å b ) 7.128(2) Å
c ) 13.448(3) Å c ) 10.560(1) Å c ) 10.426(1) Å
� ) 93.421(5)° � ) 102.045(2)° � ) 99.645(9)°

volume, Å3 819.1(3) 679.31(14) 675.9(2)
Z 2 2 2
density (calcd), g/cm3 1.364 1.361 1.436
absorp coeff, mm-1 0.106 0.102 0.112
diffractometer/scan Bruker SMART1000 CCD/ω Bruker SMART1000 CCD /ω Bruker P4/ω
θ range for data collection, deg 1.51 to 23.24 1.97 to 23.27 1.98 to 24.99
reflns measd 3789 3217 1789
indep reflns 2152 1893 1497
obsd reflns 1971 1735 1344
data/restrains/params 2152/1/217 1893/1/181 1497/1/190
goodness of fit on F2 1.009 1.023 1.057
final R indices [I > 4σ(I)] 0.0320 0.0322 0.0330
R indices (all data) 0.0371 0.0358 0.0390

Figure 1. Molecular structure of compound 1 with atom-labeling
scheme. The C and O atoms are drawn as 30% thermal ellip-
soids.
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conformations of the 10-membered ring. The 10-membered ring
A in 1 and 2 exists in a boat-chair-chair conformation (Figure
4a). In contrast, in 3 it can be divided into two parts: fragment
C-5-C-6-C-7-C-8-C-9-C-10-C-1 exists in a boat conformation
and fragment C-1-C-2-C-3-C-4 lies on a plane with a maximum
deviation of 0.008Å (Figure 4b). The conformational difference is
also indicated by the torsion angle C-1-C-2-C-3-C-4 of 42.6°,
41.6°, and -2.3°, for 1, 2, and 3, respectively. The conformations
of the 10-membered rings in 1, 2, and 3 are significantly different
from the chair-boat-chair conformation of macrocaesalmin, which
is also due to the different fusion environment.21 Though investiga-
tions of the conformation of germacrane sesquiterpenes based on
NMR data22 and molecular mechanics23 were reported before,
conformational comparison of the macro-rings by X-ray analysis
is presented for the first time. The saturated lactone ring B adopts
an envelope conformation with C-7 displaced by 0.542, 0.490, and
0.527 Å from the least-squares plane of the remaining four atoms
for 1, 2, and 3, respectively. The unsaturated lactone ring C is planar
for all three compounds. The C-C bond distances in the epoxide
ring of the three compounds (1: 1.480 Å, 2: 1.466 Å, and 3: 1.478
Å) are significantly shorter than the C(sp3)-C(sp3) distances but
similar to the single-bond values between two sp2 carbon atoms.24

The known constituents 4-7 were identified by comparison of
their physical data with reported values, as potassium mikanin
3-sulfate (4),25 mikanin (5),25 alpinetin (6),26 and ergosta-7,22-
dien-3�-ol (7).27

Compounds 1-7 were screened for inhibitory effects against
RSV, parainfluenza type 3 (Para 3), and influenza type A (Flu A)
in cell culture monolayers employing cytopathagenic effect reduc-

tion assay. The three viruses are often the cause of severe respiratory
diseases, particularly in infants and young children.28 Our results
demonstrated that compounds 1-7 showed different levels of
antiviral activities in Vitro against these viruses. Compound 2
showed moderate activity against RSV (IC50 ) 37.4 uM) and Para
3 (IC50 ) 37.4 uM) with a therapeutic index (TI, the ratio of TC50/
IC50) of 16.0 for both viruses (Tables S1 and S2, Supporting
Information). Compound 4 (yield 0.30%), the main component of
M. micrantha, exhibited inhibitory activity against Para 3 with IC50

(19.7 uM) and TI (24.0) values that were comparable to those of
ribavirin, serving as a positive control (Table S2). Compounds 1-7
showed weak anti-Flu A activities (Table S3, Supporting Informa-
tion). There is potential to develop M. micrantha into an antiviral
remedy, so as to “turn this weed into drug”. The antiviral activity
of this herb is reported for the first time.

Experimental Section

General Experimental Procedures. Optical rotations were measured
with a JASCO DIP-370 digital polarimeter. UV spectra were recorded
using a Shimadzu UV-3100PC spectrophotometer. IR absorption spectra
were obtained using an IR-450 instrument. ESIMS was recorded on a
Finnigan TSQ 7000 mass spectrometer. NMR spectra were obtained
with a Bruker 400 spectrometer operating at 400 MHz for 1H and 100
MHz for 13C, respectively. Column chromatographies were performed
with silica gel (Qingdao Haiyang Chemical Group Co. Ltd., China),
reversed-phase C-18 (60u, Merck), and Sephadex LH-20 (Pharmacia
Fine Chemical Co. Ltd.). TLC was performed on precoated silica gel
60 F254 plates (0.2 mm thick, Merck).

Plant Material. The dried aerial parts of M. micrantha growing in
Hong Kong were collected in June 2000. A voucher specimen (Chan
2000-1) was deposited in the Herbarium, Department of Biology,
Chinese University of Hong Kong.

Extraction and Isolation. The dried aerial part of M. micrantha
(650 g) was extracted with hot MeOH (2500 mL × 3) under reflux
condtions. The IC50 of the MeOH extract against RSV was 60 µg/mL.
Compound 4 (1.9535 g) was directly crystallized from the methanol
extract. The remaining extract was concentrated to give a residue (100
g), which was suspended in H2O (800 mL) and partitioned with
n-hexane and CHCl3 to afford three fractions. The n-hexane, CHCl3,
and aqueous fractions were tested against RSV, and the IC50 values
were 133.3, 19.4, and 60.2 µg/mL, respectively. Further purification

Figure 2. Molecular structure of compound 2 with atom-labeling
scheme. The C and O atoms are drawn as 30% thermal ellipsoids.

Figure 3. Molecular structure of compound 3 with atom-labeling
scheme. The C and O atoms are drawn as 30% thermal ellipsoids.

Figure 4. Conformation of the 10-membered ring in compounds 1
and 2 (Figure 4a) and 3 (Figure 4b).
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of the CHCl3 fraction by column chromatography led to the isolation
of 1 (15.1 mg), 2 (20.1 mg), 3 (39.3 mg), 6 (4.8 mg), and 7 (9.2 mg),
and purification of the aqueous fraction led to the isolation of 5 (70.1
mg). Crystals of 1-3 were obtained from CHCl3-MeOH (1:3) solution.
For detailed isolation procedures, see the Supporting Information.

3�-Acetoxy-1,10-epoxy-4-germacrene-12,8;15,6-diolide (1): color-
less triangular plates, mp 271-273 °C; [R]20

D +54 (c 0.25, CHCl3);
UV (CHCl3) λmax (log ε) 205 (3.47) nm; IR (KBr) νmax 1777 and 1750
cm-1; 1H and 13C NMR data (see Table 1); EIMS m/z 336 [M]+, 318
[M - H2O]+, 292 [M - 44]+; HRFABMS m/z found 337.3467 [M +
H]+ (C17H21O7 calcd 337.3495).

1,10-Epoxy-4-germacrene-12,8;15,6-diolide (2): colorless rectan-
gular plates, mp 215-217 °C; [R]D

20 +71 (c 0.31, CHCl3); UV (CHCl3)
λmax (log ε) 209 (3.47) nm; IR (KBr) νmax 1760 and 1650 cm-1; 1H
and 13C NMR data (see Table 1); EIMS m/z 278 [M]+, 260 [M -
H2O]+, 234 [M - 44]+; HRFABMS m/z found 279.3118 [M +
H]+(C15H19O5 calcd 279.3129).

X-ray Analysis. X-ray diffraction data of 1 and 2 were collected
on a Bruker SMART1000 CCD diffractometer, and those of 3 were
collected on a Bruker P4 four-circle diffractometer using Mo KR
radiation (0.71073 Å). The structures were solved by direct methods
(SHELXTL version 5.1) and refined by full-matrix least-squares on
F2. The crystallographic data of compound 1, 2, and 3 are displayed in
Table 2.

Antiviral Assay. The antiviral activities of isolated compounds 1-7
were evaluated against RSV, Flu-A, and Para-3 viruses, using a
cytopathagenic effect reduction assay as described previously.29
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