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A B S T R A C T

The leaves of the neotropical dioecious shrub Hedyosmum brasiliense (HB) are employed popularly as a
sedative, aphrodisiac and as a substitute for green tea.
The aim of this work was to study the composition of the hot tea infusion from the fresh leaves of HB,

comparing its androecious or gynoecious parts, including the isolation and identification of new
secondary metabolites. The characterization of the HB tea infusion was achieved by means of UHPLC–ESI
(�)-HRMS and the isolation of its secondary metabolites was done through FCPC and MPLC. Both female
and male plant extracts presented similar chemical profiles, with rosmarinic acid (RA) as the main
compound. The FCPC analysis led to a one-step isolation of RA 97% pure. A new sesquiterpene lactone (1-
a-acetoxyeudesma-3,7(11)–dien–8,12–olide) is reported herein for the first time. The additional
compounds isolated and characterized by NMR and LC–MS are isorinic acid, a glycosylated flavonol, two
neolignans reported for the first time for HB and three other sesquiterpene lactones which were
previously isolated from the ethanol extract. Neither the extract nor its major constituent (RA) exhibited
in-vitro antimycobacterial activity.

ã 2015 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Hedyosmum brasiliense Miq., Chloranthaceae (HB) is an
aromatic and dioecious neotropical shrub endemic to Brazil
(Souza and Lorenzi, 2008). It is employed in folk medicine
irrespective of its androecious or gynoecious parts, in the form of
tea or brewed in white wine as a sedative, anti-inflammatory,
diuretic, aphrodisiac and also for the treatment of migraines and
diseases of the ovary as well as a substitute for green tea (Di Stasi
et al., 1988; Reitz, 1965). Reported pharmacological or biological
information indicate that the ethanol extract, the essential oil and
sesquiterpene lactones from H. brasiliense possess antinociceptive
(Trentin et al., 1999), antimicrobial (Kirchner et al., 2010) and
neurochemical properties (Goncalves et al., 2012; Tolardo et al.,
2010). Recently, some sesquiterpene lactones and phenolic
* Corresponding author at: Laboratório de Farmacognosia, CIF/CCS/UFSC Campus
Universitário/Trindade–88,040-900 Florianópolis, SC, Brazil. Tel.: +55 48 3721 3493.
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compounds from fractions of the ethanol extract have been
isolated (Amoah et al., 2013). However, the composition of the
aqueous infusion of this species has not been studied and no study
has been done to ascertain whether there are differences in the
chemical profiles of its androecious and gynoecious plants.

The objective of this work was to find out the secondary
metabolites composition of the hot tea infusion from the fresh
leaves of H. brasiliense using a UHPLC–ESI(�)-HRMS platform for
the comparison of the female and male plant of HB. Moreover, the
isolation of its secondary metabolites was performed using
orthogonal techniques, such as centrifugal partition chromatogra-
phy (CPC) and medium pressure liquid chromatography (MPLC),
with an enrichment step using adsorption resin. This study reports
the isolation and identification of nine secondary metabolites from
HB, one of them is a new sesquiterpene lactone, together with
known phenolic acids, flavonoids and neolignans. Considering the
previous reported antimicrobial activity of HB (Kirchner et al.,
2010) the antimycobacterial activity of the aqueous extract and its
main compound was also investigated in this work.
ts reserved.
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2. Experimental

2.1. General procedures (instruments and solvents)

All nuclear magnetic resonance (NMR) experiments were
performed on an Avance III 600 spectrometer (Bruker BioSpin,
Rheinstetten, Germany)operatingat600and150 MHzfor1Hand13C,
respectively, equipped with a 5 mm BBI probe.1 and 2D NMR spectra
were recorded using deuterated chloroform (CDCl3) or methanol
(CD3OD). Chemical shifts (d) are expressed in ppm with reference to
the solvent signals (dH 7.26/dC 77.0) and (dH 3.34/dC 49.86),
respectively, and coupling constants in Hz. The 2D NMR experi-
ments (COSY, HSQC, HMBC, and NOESY) were performed using
standard Bruker microprograms. Mass spectrometry analyses were
performed on an LTQ-Orbitrap Discovery instrument (Thermo
Finnigan, San Jose, CA, USA) coupled or not to an Accela LC system
consisting of pump and autosampler. Xcalibur software version
2.0.7 was used for the acquisition and the processing of data.

Fast centrifugal partition chromatography (FCPC) was per-
formed using a CPC Kromaton with a 1000 mL column and a
Laboratory Alliance pump with a pressure safety limit of 50 bar. A
manual sample injection valve was used to introduce the samples
into the column, with the rotation adjusted at 600 rpm and the
Fig. 1. Compounds from H
flow rate held at 20 mL/min. MPLC separation was carried out using
a Sepacore MPLC system (Büchi C-650 pump) with a maximum
applied pressure of 10 bar. Chromatographic separations were
performed on a Buchi PP Cartridge with dimensions 12 mm � 150
mm filled with normal phase silica gel (Merck 0.02–0.04 mm).

Solvents used for centrifugal partition chromatography (CPC),
medium pressure liquid chromatography (MPLC) and preparative
thin layer chromatography were of analytical grade (Fisher
Scientific). Ultra gradient grade solvents (MeOH, ACN) for HPLC
separations were purchased from Carlo Erba, and deionized water
with a resistivity of 18MVcm was used. Solvents of LC–MS grade
were purchased from Fluka/Riedel-de Haën (Switzerland).

2.2. Plant material and extraction

H. brasiliense leaves from androecious and the gynoecious
plants were separately collected at the municipal area of Antonio
Carlos in the Santa Catarina State, Brazil in December 2011. The
plant was identified by Dr. Ademir Reis and compared with the
voucher specimen (#2031) deposited at the Lyman Bradford Smith
Herbarium (UNIVALI, Itajaí—Santa Catarina).

The fresh harvested leaves of the androecious and the gynoe-
cious plant (2 kg each) were infused with hot deionized water (10 L
edyosmum brasiliense.
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each) (�100 �C) for 30 min. The resulting extracts were frozen and
freeze-dried to yield 31 and 28 g of the male crude aqueous extract
(MCE) and female crude aqueous extract (FCE), respectively.

2.3. Sample preparation

All samples (extracts, fractions and isolated compounds) were
diluted in methanol. For LC–MS analysis, solutions of 500 mg/mL
for the extracts and of 10 mg/mL for the isolated compounds were
used. For Semi preparative HPLC, fractions were diluted to obtain a
solution of 20 mg/mL.

2.4. LC–MS analysis

A Hypersil Gold (100 � 2.1 mm, 3 mm) column was used for the
analysis and a flow rate of 0.5 mL/min, with a mobile phase of
water �0.1% formic acid (solvent A) and methanol (solvent B) was
applied according to the following stepwise gradient program (v/
v): 0 min 1% B linear, 3 min 1% B, 8 min 60% B, 22 min 100% B,
25 min 100% B, 27 min 1% B, 30 min 1% B. The ionization was
performed using an ESI source in the positive and negative modes.
ESI–MS parameters were as follows in positive mode: Source
voltage 4.5 kV, capillary voltage 25 V, tube lens voltage 85 V,
capillary temperature 300 �C, Sheath gas 37, auxiliary gas flow (N2)
10 and in negative mode: Source voltage 3.5 kV, capillary voltage
�17 V, tube lens voltage �65 V, capillary temperature 300 �C,
Sheath gas 40, auxiliary gas flow (N2) 10. Full scans were acquired
in profile mode at 30,000 (FWHM). Resolution and detection were
performed considering a mass range of m/z 100–1000. For direct
infusion experiments, a syringe pump (500 mL syringe, Hamilton
Bonaduz AG, Bodanuz, Switzerland) was coupled with the LTQ-
Orbitrap mass spectrometer. For these experiments, the ESI
operation parameters and the acquisition parameters were
identical to the aforementioned apart from the nitrogen flow
which was adjusted to 12 and 6 arb units as sheath and auxiliary
gas, respectively. The flow rate of the injection was set at 5 mL/min.

2.5. LC-DAD analysis

The chromatographic profiling of all extracts, fractions, and
purity determination of isolated compounds was performed by LC-
DAD. An ultrafast liquid chromatography (Prominence UFLC
Table 1
NMR data (600 MHz, CDCl3) for 7.

Position d 1H (mult., J Hz) d 13C 

1 4.72eqm 74.5 

2 2.46peqm
2.11paxm

29.0 

3 5.34 m 119.0 

4 132.8
5 2.29 m 41.2 

6 2.18ax ddm (13.8, 13.6) 24.8 

3.01eq dd (13.8; 3.8) 

7 161.4
8 4.92axm 78.4 

9 2.08eqm 41.0 

1.33ax dd (11.9, 11.8) 

10 37.2
11 120.9
12 174.5
13 1.87 s 8.3 

14 1.00 s 16.0 

15 1.77 s 21.0 

COMe 170.4
COMe 2.02 s 21.2 

NMR chemical shifts are given in ppm relative to TMS as an internal reference at d 0.00.
stated hydrogen(s) to the indicated carbon.
Shimadzu, Japan) apparatus connected to a SPD-20A UFLC
UV–vis detector was applied using a Zorbax Eclipse XDB-
C18 column (2.1 mm � 150 mm, 3,5 um). The mobile phase was
composed of H2O–MeOH (0.1% of formic acid in H2O
80:20 ! 20:80) gradient at a flow-rate of 0.2 mL/min and was
detected at 254 nm, 280 nm and 330 nm.

2.6. Isolation of compounds

In order to obtain an enriched fraction of secondary metabolites
Fig. 1, adsorption on Amberlite FPX66 resin (Dow Chemicals, 5 kg)
was used, activated in a separatory funnel with methanol.
Subsequently, the methanol was removed and the resin was
washed thoroughly with deionized water (4L). 5 g of the FCE was
dissolved in 700 mL of water and poured into the separating funnel
containing the resin, allowed to stand for an hour with intermittent
stirring with a rod. The extract was then removed and the resin
washed with water to remove excess sugars (discarded). Subse-
quently, elution was done with methanol to obtain a methanol
fraction (FCE-M). This process was repeated four times such that
20 g of the FCE were treated. The combined methanol extracts were
dried under reduced pressure to afford 7.5 g of FCE-M.

The fractionation of the FCE-M was performed by FCPC using a
two-phase solvent system consisted of n-butanol-ethyl acetate–
water (4:1:5). In details, for the preparation of the two-phase
solvent system, each solvent was added to a separatory funnel and
the mixture was equilibrated at room temperature. The two phases
were separated and the stationary phase consisting of the lower
phase (polar) was pumped into the column and then the upper
(mobile) phase was pumped in the descending mode until
equilibration of the biphasic solvent system. FCE-M (5 g) was
injected into the column diluted in 50 mL of the lower phase and
the separation yielded 20 fractions: A1–A13 in ascending mode
and A14–A20 in the descending mode.

CPC fractions A4–A6 afforded rosmarinic acid (RA) (1.7 g) (1)
97% pure. Fractions A9, A10 and A18 were combined (246 mg) due
to their similarity and subjected to gel filtration on Sephadex
(LH-20) with methanol as the mobile phase. This led to the
subfractions A23–T23. Subfraction E23 (27.9 mg) was subjected to
normal phase preparative TLC eluted with dichloromethane-ethyl
acetate (9:1) which led to compound 3 (3.0 mg), identified as
the neolignan (7S, 8R)-5-methoxydihydrodehydrodiconiferyl
HMBC COSY

C-2, C-3, C-5, C-10, and COMe H-2peq,
H-2pax, H-1

H-2peq, H-2pax and H-15

H-6ax and H-6aq
C-5, C-7 and C-11 H-6eq and H-5
C-5, C-7, C-8, C-10, and C-11 H-6ax and H-5

7 H-9ax, H-9eq
C-1, C-8, C-10, and C-14 H-8 and H-9ax
C-1, C-5, C-7, C-8, C-10, and C-14 H-8 and H-9eq

C-7, C-11 and C-12 H-8
C-1, C-5, C-9, and C-10
C-3, C-4 and C-5 H-3

COMe

 Long-range 1H–13C (HMBC) correlations were optimised for 8 Hz, and are from the
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alcohol-4-O-b-D-glucopyranoside. Subfractions K23–M23
(50.2 mg) were submitted to semiprep-HPLC using H2O-MeOH
(90:10 ! 10:90) as gradient at a flow rate of 3 mL/min, from which
1 (3 mg) and 2 (4.2 mg, Isorinic acid) were obtained. Similarly, the
CPC fraction A8 (134.5 mg) was also subjected to semiprep-HPLC
and afforded 9 (1.5 mg) identified as the flavonoid kaempferol-3-O-
b-D-glucuronide. CPC fraction A15 (30.6 mg) was submitted to
MPLC starting with dichloromethane (50%) in hexane increasing to
100% dichloromethane. Subsequently, separation was continued
by increasing polarity with ethyl acetate (EtOAc) until 100%. This
led to the production of subfractions A25–K25 as well as A26–P26.
There was a spontaneous crystallization of B25 affording 5
(11.8 mg) which was elucidated as the sesquiterpene lactone
podoandin. Subfraction K25 (19 mg) was submitted to TLC-prep
which led to the isolation of compounds 6 (4.9 mg) and 7 (1.3 mg)
identified also as sesquiterpene lactones onoseriolide and 1-
a-acetoxyeudesma-3,7(11)–dien–8,12–olide respectively, with
compound 7 as a new eudesmanolide. Subfraction C26 (4.9 mg)
was also subjected to TLC-prep which yielded 8 and was
characterized as the sesquiterpene lactone 15-hydroxy-isogerma-
furenolide. CPC fraction A13 (15.7 mg) was subjected to Prep RP-
TLC (H2O–MeOH, 6:4) which afforded 4 identified as the neolignan
(7S, 8R)-urolignoside (2 mg).

1-a-acetoxyeudesma-3,7(11)–dien–8,12–olide (7), (4aS,8S,8a-
R,9aS)-3,5,8a-trimethyl-2-oxo-2,4,4a,7,8,8a,9,9a-octahydronaph-
tho[2,3-b]furan-8-yl acetate. HR-ESI–MS ([M + H]+): m/z found:
291.1587, calculated = 291.159086. HR-ESI–MS ([M + Na]+):
313.1405. Molecular formula C17H22O4; 1H and 13C NMR data
(CDCl3): See Table 1 spectra available as supplementary informa-
tion.

2.7. Antimycobacterial assay

The extracts and isolated compounds were screened for
antimycobacterial activity in concentrations ranging from
100 mg/mL to 1.56 mg/mL against the reference strain Mycobacte-
rium tuberculosis H37Rv. The resazurin microtiter assay plate was
carried out as described by Palomino et al. (2002) with the
Fig. 2. Total Ion chromatogram of the FCE (Female
following modifications. The method was performed in 7H9-S
medium containing Middlebrooks broth (Himedia, India), 0.5%
glycerol (Amresco, USA) and supplemented with OADC (oleic acid,
albumin, dextrose and catalase) enrichment (Himedia, India). One
hundred microliters of serial two fold dilutions of each extract or
isolated compound were added in 96-well microplates, followed
by 100 mL of the inoculum, wich was prepared in 7H9-S medium,
adjusted to a McFarland tube no. 1 and diluted 1:20. Isoniazid
(Sigma–Aldrich, USA) 1.0 mg/mL was used as positive control and
sterility control without inoculation and a growth control
containing no drug were also included. The plates were covered,
sealed and incubated at 37 �C. After 7 days of incubation, 30 mL of
0.01% resazurin solution (Sigma, USA) was add to each well and the
plates were re-incubated for 24 h. A color change from blue to pink
indicates reduction of resazurin and therefore bacterial growth.

3. Results and discussion

3.1. Comparative LC–MS profiling of male and female HB extracts and
its HR-MS analysis

Lokvam and Braddock (1999) have shown differences in the TLC
profiles of resins from the male and female neotropical dioecious
plant Clusia grandiflora. Considering that people use indiscrimi-
nately HB infusion as remedy made from both sexes, LC–MS
analysis in the negative mode of separate plants were conducted.
Similarities in their profiles were found (Fig 2). Both sexes showed
rosmarinic acid (1) as a major peak with a molecular ion at
359.077 m/z [M–H]� and minor peaks at retention times of about
11.3, 11.6 and 13.3 min. The total ion chromatogram of both FCE and
MCE extracts showed no significant differences. The profiling of
both male and female extracts of HB by UHPLC–ESI–MS led to the
detection of all described compounds in both extracts (Table 2). In
particular, the ionization of all compounds was feasible in positive
mode (Figs. 4 and 5).

Hydroxycinnamic acid derivatives, compounds 1 and 2, were
detected at 12.20 and 13.22 min respectively from their molecular
ions [M + H]+ in positive mode. Interestingly, the fragmentation of
 crude extract) and MCE (Male crude extract).
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both compounds led to the generation of caffeoyl ions at m/z
163.0369 corresponding to C9H7O3. This finding is in accordance
with studies reporting the presence of this typical ion under CID
fragmentation in ESI(�) (Hossain et al., 2010).

The neolignans 3 and 4 ionized only in positive mode
generating ions [M + Na]+ (Table 2). Their detection at 11.21 and
10.86 min respectively, confirmed their relative polar nature. The
fragmentation of the [M + Na]+ ion resulted in the cleavage of the
glycoside moiety leading to the loss of 162 Da from the structure.
The sesquiterpene derivatives were observed between 15.5 and
18.1 min due to their nonpolar properties, generating both
molecular [M + H]+ and [M + Na]+ ions. The fragmentation of
podoandin (5) in ESI(+) revealed a major fragment ion at m/z
213.1277 corresponding to the loss of a H2O and an ion at m/z
185.1327 corresponding to an additional loss of carboxyl group
(�28 Da) suggesting the rupture of the lactone ring. In the case of
onoseriolide (6), a fragment ion at m/z 199.0756 denotes the
cleavage of a C2H6O moiety probably due to of the localization of
the double bond at C8-C9 which probably hampers the elimination
of the carboxylate group. Finally, compound (7) presented a
fragment ion at m/z 231.1383 revealing the loss of an acetoxy group
from the core structure.

3.2. Isolation and identification of compounds from female HB extract

Since the chemical profiles of the FCE and MCE extracts were
similar, the FCE extract was chosen for fractionation with the
FPX66 resin and subsequently subjected to FCPC. Macroporous
resins have been useful for phytochemical analysis in natural
products due to an extensive presence of sugar compounds in polar
extracts (Ma et al., 2011; Papaspyridi et al., 2012; Zhang et al.,
2008). The resin was used to separate carbohydrates from other
secondary metabolites. The obtained fraction (FCE-M) which
represents 37% of the crude aqueous extract was subjected to FCPC
technique for separation and purification of the metabolites.

This orthogonal technique is highly efficient because of its lack
of irreversible adsorption to a stationary phase and also by the
complete recovery of sample making its use in combination with
other techniques an interesting strategy to maximize the separa-
tion and isolation of metabolites (Simmler et al., 2014). The FCPC
analysis of FCE-M with the biphasic solvent n-butanol-ethyl
acetate–water (4:1:5), led to a one-step isolation of rosmarinic acid
(RA) (1) in high purity (97%). When analyzed on the UFLC it was
found to possess a purity index of 0.96 (Fig. 3). This is the first time
that RA is reported for this species. RA was identified by extensive
1D and 2D NMR and comparison with published data (Ha et al.,
2012). Previously, RA had been identified in Chloranthus oficinalis
Table 2
HR-MS and Tandem data of (1–9) in ESI(+).

No Rt [M + H]+ [M + Na

m/z Experimental Delta (ppm) MS/MS Loss m/z Ex

1 12.2 361.0909 2.51 163.0369 C9H10O5

2 13.22 345.0964 2.97 367.078
3 11.21 575.20
4 10.86 545.198
5 18.09 231.1374 2.23 213.1277 H2O 253.119

185.1327 CH2O2

6 16.02 245.1169 1.51 227.1069 H2O 267.098
199.0756 C2H6O

7 15.74 291.1587 1.36 273.1491 H2O 313.140
231.1383 C2H4O2

8 13.51 249.1480 2.17 231.1381 H2O 271.129
203.1431 CH2O2

185.1325 CH4O3

9 12.25 463.0862 2.14 287.0554 C6H8O6 485.06
(Petersen et al., 2009) and Sarcandra glabra (Zhu et al., 2008). RA is
known to possess many biological and pharmacological activities
including anticancer and neurochemical properties as well as
potent antioxidant properties (Krajcovicová and Melus, 2013). The
presence of this compound as a major component in the hot
infusion of H. brasiliense may be one of the reasons why it used to
treat various affections in folk medicine (Reitz, 1965). H. brasiliense
may be considered a source of RA for the food and cosmetic
industries due to the high yield of this compound which is
employed in food preservation and cosmetics. From the same FCE-
M fraction subjected to FCPC, the following compounds were
obtained:

Compound 2 was identified as isorinic acid (Satake et al., 1999),
also known as caffeoyl-40-hydroxy-phenyllactic acid, that is
assumed to be one of the intermediates for the biosynthesis of
1 (Petersen et al., 2009). Compounds 3 and 4 were identified as
neolignans (7S, 8R)-5-methoxydihydrodehydrodiconiferyl alco-
hol-4-O-b-D-glucopyranoside (Takara et al., 2003) and (7S, 8R)-
urolignoside (Shen et al., 1998) respectively. These compounds are
being described for the first time in the genus Hedyosmum
although they have also been found in other Chloranthaceae
species such as Chloranthus japonicus (Kuang et al., 2009) and
Sarcandra glabra (Wu et al., 2012). Compounds 2–4 were identified
through MS and NMR data comparing to those reported in the
literature. Likewise compounds 5 and 6 were found to be the
sesquiterpene lactones podoandin and onoseriolide respectively
based on their MS and NMR data comparing to those reported in
the literature (Kubo et al., 1992) (Trentin et al., 1999). Recently, a
series of pharmacological assays have shown that the sesquiter-
pene lactone podoandin has antidepressant activities in mice
(Goncalves et al., 2012; Tolardo et al., 2010).

The new sesquiterpene lactone 7 was obtained as a colourless
gum with a molecular formula C17H22O4, deduced from its NMR
data and its HR-ESIMS showing the pseudo-molecular peak at m/z
291.1587 [M + H]+ (calc. 291.159086) and m/z 313.1405 [M + Na]+

and NMR data. The 1H NMR spectrum of 7 showed methyl singlets
at d 1.00 (H-14), 1.77 (H-15) and 1.87 (H-13) as well as a singlet at d
2.02 characteristic of an acetate methyl group. The methyl
hydrogens at d 1.87 showed direct 1H–13C correlation with a
carbon at d 8.3 according to HSQC NMR experiment which is
consistent with the presence of a neighboring carbonyl group.
Moreover, these hydrogens showed long-range 1H–13C correlations
with the carbons at d 161.4 (C-7), 120.9 (C-11) and 174.5 (C-12),
according to HMBC NMR experiment indicating the presence of a
five-member a,b-unsaturated-g-lactone. The hydrogens at d
2.02 showed direct 1H–13C correlation with a carbon at d 21.2,
and a long-range 1H–13C correlation with an acetate carbonyl at d
]+ RDB Molecular formula

perimental Delta (ppm) MS/MS Loss

11 C18H16O8

3 2.97 11 C18H16O7

81 2.97 413.157 C6H10O5 10 C27H36O12

7 2.22 10 C26H34O11

4 2.17 7 C15H18O2

8 1.56 8 C15H16O3

5 1.59 7 C17H22O4

9 2.08 6 C15H20O3

79 3.03 13 C12H18O12



Fig. 4. Base peak chromatograms of the female and male HB extracts in ESI(+) and extracted ion chromatograms for compounds 1, 2, 9.

Fig. 3. Chromatogram and UV spectrum of rosmarinic acid (1).

272 S.K.S. Amoah et al. / Phytochemistry Letters 13 (2015) 267–274
170.4. The location of the acetyl group was established based on
the long-range 1H–13C correlation observed for the hydrogen at d
4.72 (H-1) with the carbonyl at d 170.4; H-1 showed further HMBC
correlations with carbons resonating at d 37.2 (C-10), 41.2 (C-5) and
119.0 (C-3). The hydrogens of the methyl group at d 1.00 showed
Fig. 5. Base peak chromatograms of the female and male HB extracts
direct 1H–13C correlation with the carbon at d 16.0 (C-14) and
1H–13C long-range correlations with the carbons at d 74.5 (C-1),
41.2 (C-5), 41.0 (C-9), and 37.2 (C-10). The hydrogens of the methyl
group at d 1.77 showed direct 1H–13C correlation with the carbon at
d 21.0 (C-15) and 1H–13C long-range correlations with the carbons
 in ESI(+) and extracted ion chromatograms for compounds 3–8.
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at d 41.2 (C-5), and with the olefin carbons at d 132.8 (C-4) and 119.0
(C-3). According to the HSQC experiment, C-3 is bound to hydrogen
at d 5.34 (H-3). According to 1H–1H correlations from COSY NMR
experiment, this hydrogen couples to the hydrogens at d 2.46
(H-2peq) and 2.11 (H-2pax) which are directly connected to the
carbon at d 29.0 as observed in the HSQC NMR experiment. Further
COSY correlations were revealed between the hydrogens at d 2.46
(H-2peq) and 2.11 (H-2pax) and the deshielded hydrogen at d 4.72
(H-1).

The methylene hydrogen signals at d 2.08 (H-9eq) and 1.33 (H-
9ax) gave a direct 1H–13C correlation with the carbon at d 41.0, and
showed HMBC correlations with the carbons at d 161.4 (C-7) and
78.3 (C-8). Moreover, COSY correlations indicated a coupling
between these hydrogens and the deshielded hydrogen at d 4.92
(H-8ax). Additionally, the quaternary carbon at d 161.4 (C-7)
showed 1H–13C long-range correlations with the methylene
hydrogens at d 2.18 (H-6ax) and 3.01 (H-6eq) which in turn
correlated with the carbon at d 41.2 (C-5).

In order to determine the relative stereochemistry of the
molecule,1D NOE NMR experiments were performed. By irradiation
of themethyl hydrogens H-14 apositiveNOE wasobservedonH-1,H-
8, H-2pax, H-6ax and also H-9eq, with no enhancement of the signal
from the hydrogen H-5. The irradiation of H-1, caused a NOE
enhancement on the signals of H-14, H-2pax. These data confirmed
the trans-fused decalin system of the eudesmane skeleton (Ando
et al., 1994), leding to the identification of compound 7 as the new
eudesmane sesquiterpene lactone 1-a-acetoxyeudesma-3,7(11)–
dien–8,12–olide and the overall analysis of 1D and 2D NMR data
enabled complete and unequivocal 1H and 13C NMR chemical shifts
assignments (Table 1). Previously, only two similar semisynthetic
compounds have been reported, one that was acetylated (Zdero and
Bohlmann, 1989) and the other derived from the germacranolide
laurenobiolide (Haruhiko and Kenichi, 1976). This is the first
eudesmanolide described in the genus Hedyosmum. Some eudes-
mane sesquiterpene lactones have been previously identified in
Chloranthus elatior (Wang et al., 2012).

Differently from compound 7, compound 8 presented typical
NMR data of terminal methylenes of the elemene skeleton, turned
it also to be a sesquiterpene lactone identified as 15-hydroxy-
isogermafurenolide based on its NMR data in conjunction with
those published in the literature (Amoah et al., 2013).

The structure of compound 9 was established as kaempferol-3-
O-b-D-glucuronide (Granica et al., 2013). To the best of our
knowledge this is the first time that this flavonoid glycoside is
reported in H. brasiliense. This compound has been previously
found in the n-butanol extract of S. glabra and shown to have
activity against Staphylococcus aureus (Yuan et al., 2008). The
isolation of other flavonoid glycosides like kaempferol-3-O-a-L-
rhamnopyranosyl (1 !6)-b-D-glucopyranoside and kaempferol-
3-O-b-D-glucopyranoside have been reported for H. bonplandia-
num (Cardenas et al., 1993) and from other Chloranthaceae species
(Cao et al., 2008).

3.3. Antimycobacterial assay

The FCE-M extract and its isolated major compound (1) did not
show any significant activity against M. tuberculosis. However,
extracts of Thymbra spicata var spicata, Salvia tomentosa,Salvia
fruticosa and Origanum onites which have 1 as one of the major
constituents have shown moderate-high activities against M.
tuberculosis, suggesting minority compounds can be more active in
these above mentioned plant extracts (Askun et al., 2009).
4. Conclusion

From the aqueous extract of H. brasiliense nine compounds were
isolated and characterized, in which five are reported for the first
time in HB and one of them is a new sesquiterpene lactone (1-
a-acetoxyeudesma-3,7(11)–dien–8,12–olide), for the first time
reported. Additionally, three sesquiterpene lactones previously
isolated from the ethanol extract were also found in the aqueous
hot infusion of H. brasiliense. The male and female plants of this
dioecious plant possess the same profile of secondary metabolites.
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