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Goniothalamus elegants Ast. The structures were elucidated by spectroscopic methods. The i
compounds were evaluated for their cytotoxicity toward the KB, MCF7 and NCI-H187 cell l
well as antimalarial and antimycobacterial activities. Compounds 4 and 10 showed strong
against all three human cancer cell lines with IC50 values in the range of 0.538 to 4.25 μg/m
compounds 2, 4, 10 and 14 showed potent cytotoxicity against NCI-H187 with IC50 values
range of 0.072 to 2.17 μg/ml. In addition, compounds 4, 6, 7, 9, 10 and 13 showed stron
plasmodial activity with IC50 in the range of 2.28 to 5.89 μg/ml.
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The genus Goniothalamus (Annonaceace) consists o
species distributed throughout the tropical forests of Sou
Asia, some of which are used widely in the folk medic
several countries [1]. In Thailand, 25 species of the genu
been found [2]. Phytochemical studies on Goniothalamus s
have led to the identification of a variety of compo
styryllactones, acetogenins, phenanthrene lactams, nap
quinones, azaanthraquinones, terpenoids, flavonoids an
roids [3–10]. Several styryllactones have had their cyt
activity against human cancer cell lines reported in the lite
[11–14]. This study was initiated by the results of a med
plant survey in Phu Dong Ee-Pia Forest, Ubonratana D
Khon Kaen Province, Thailand. Goniothalamus elegants is
“Kao Nang Nee” and a water decoction has been used
treatment for heart disease and bloody diarrhea [15]. How
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revealed that the crude EtOAc andMeOH extracts from th
of G. elegants showed cytotoxic activity against the K
cavity cancer cell line with % inhibition of 98.09 and
respectively. In the present work, we report the bio
constituents, a new 6-epi-goniothalesdiol A (1), nine k
styryllactones (2–10) and five known aristolactams (1
isolated from the EtOAc and MeOH extracts of the b
G. elegants. The isolation and structure elucidation as w
bioactivity evaluation of the isolated compounds are disc
Moreover, a plausible biogenesis pathway of 1 and the is
styryllactone derivatives (2–10) have been proposed.

2. Experimental

2.1. General experimental procedures

Optical rotations were measured on a JASCO DIP
digital polarimeter and UV spectra were recorded us
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Shimadzu 2450UV–visible spectrophotometer. IR spectrawere
obtained using a Perkin-Elmer spectrum 100. NMR spectra
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were recorded in CDCl3, CD3OD and acetone-d6 as solvent
Varian Mercury Plus 400 spectrometer; the internal stan
were referenced from the residue of those solvents. HR
was recorded on a Bruker Micromass Q-TOF-2™ spectrom
Chromatography was carried out onMERCK silica gel 60
400 mesh) and Sephadex LH-20 (40–70 μm; GE Health
TLC was performed with precoated MERCK silica gel 60
and aluminum sheets, and the spots were visualized at 25
366 nm, sprayed with anisaldehyde reagent and then h
until charred by a heat gun. Commercial grade solvents
distilled at their boiling point ranges prior to use for extr
and chromatographic separations (CC and TLC), where
grade solvents were used for crystallization.

2.2. Plant material

Bark of G. elegants was collected from Phu Dong
forest, Ubonratana district, Khon Kaen, Thailand in June
The plant was identified by Professor James F. Maxwell, C
Mai University. A voucher specimen (SRITUBTIM 18
deposited at Udon Thani Rajabhat Universtiy Herbarium,
Thani, Thailand.

2.3. Extraction and isolation

The air-dried and powdered bark of G. elegants (2.2 kg
extracted with EtOAc (3 × 5 l) and MeOH (3 × 5 l) at
temperature (3 days each time) to provide the EtOAc e
(104 g) and MeOH extract (118 g) after evaporation
solvents under reduced pressure. The EtOAc extract
subjected to flash column chromatography (FCC) over sil
(column: 10 × 10 cm) eluted with a gradient system of he
EtOAc and EtOAc–MeOH to afford 7 fractions (E1–E7) o
basis of TLC. Fraction E3 (30.5 g) was chromatographed on
gel column chromatography (CC) (column: 5 × 20 cm)
with hexane–EtOAc (80:20) to give 15 as colorless cr
(54.0 mg) and the residue was further purified by Sephade
20 (column: 2.5 × 50 cm) usingMeOHas solvent to obtain
yellow oil of 10 (280.2 mg) and an additional amount
(70.5mg). Fraction E4 (38.5 g) was separated by FCC (colu
× 20 cm) over silica gel using a hexane–EtOAc gradie
provide 4 subfractions (E4.1–E4.4). Subfraction E4.1was pu
by Sephadex LH-20 column usingMeOH as an eluent to giv
a yellowish oil (30.0 mg) and a white solid of 14 (25.4
Subfraction E4.2 (1.4 g) was chromatographed on sili
column (column: 2 × 20 cm) eluted with CH2Cl2–EtOAc (5
to give 12 as a white solid (28.1 mg) and the remaining m
was further purified by Sephadex LH-20 column using Me
solvent to yield a white solid of 11 (21.4 mg). Subfractio
(16.5 g) was purified by Sephadex LH-20 column using CH
MeOH (30:70) as an eluent to give 5 as a white po
(57.5 mg) and subfraction E4.4 (21.3 g) was further purif
Sephadex LH-20 column usingMeOH as an eluent to yield
pale yellow oil (46.0 mg) and a yellow solid 13 (54.0
Fraction E5 (56.5 g) was separated by silica gel CC (colu
× 20 cm), eluted with a gradient of CH2Cl2–EtOAc to
subfractions (E5.1–E5.4). Subfraction E5.1 (1.3 g) was f
purified by Sephadex LH-20 column using MeOH for elut
afford colorless needles of 6 (48.0 mg). Subfraction
a
s
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from EtOAc to give 3 as a white solid (43.0 mg). Fracti
(148.5mg)was separated by silica gel CC (column: 2.5 × 4
eluted with CH2Cl2–MeOH (95:5) to give 8 as a white
(36.1 mg). Fraction E7 (120.0 mg) was subjected to Sep
LH-20 column using MeOH as solvent and followed by sil
CC (column: 2.5 × 30 cm), eluted with CH2Cl2–MeOH (10
80:20) to give a white solid of 2 (40.5 mg).

The MeOH extract was fractionated by silica g
(column: 10 × 10 cm) eluted with a gradient of CH
MeOH to give 6 fractions (M1–M6). Separation o
(270.5 mg) by Sephadex LH-20 column usingMeOH as s
and further purification by silica gel CC (column: 2.5 × 3
eluted with an isocratic system of CH2Cl2–EtOAc (70:30
an additional amount of 10 (76.0 mg). Fraction M3 (108.
was chromatographed by silica gel CC (column: 2.5 × 30
eluted with EtOAc–hexane (60:40 to 100:0) and repe
purified on Sephadex LH-20 column using MeOH as solv
give additional amount of 4 (55.6 mg) and 13 (30.4
FractionM4 (152.4mg)was separated by silica gel CC (co
2.5 × 30 cm), eluted with CH2Cl2–EtOAc (50:50)
recrystallized from EtOAc to give an additional amoun
(34.0 mg). Fraction M5 (160.4 mg) was purified by Sep
LH-20 column eluted with MeOH to afford an add
amount of 6 (50.3 mg) and then eluted with CH2Cl2–M
(30:70, 50:50 and 70:30) to give 9 as a white solid (40.
and an additional amount of 8 (25.1 mg). Fractio
(258.0 mg) was subjected to Sephadex LH-20 column
MeOH as solvent and further purified on silica gel CC (co
2.5 × 30 cm) by elution with a gradient system of CH
EtOAc and EtOAc–MeOH to give 1 as a white solid (25.
and an additional amount of 2 (40.0 mg).

Compound 1: white amorphous solid, Rf 0.50 (CH
acetone, 7:3); [α]23D - 15.8 (c 0.3, CHCl3); UV (MeOH)λm

ε) 208.4 nm (3.91); IR (film) νmax 3276, 2952, 2843,
1443, 1314, 1250, 1152, 1092, 999 cm−1; 1HNMRand 13C
spectral data in acetone-d6 see Table 1; 1H NMR (
400MHz) 7.39–7.37 (m, 5ArH), 4.98 (d, 4.8 Hz, H-2), 4.17
(m, H-3 andH-6), 3.99 (br dt, 7.6, 3.0Hz, H-4), 3.69 (s, CH
2.90 (dd, 15.0, 8.6 Hz, H-7a), 2.63 (dd, 15.0, 5.2 Hz, H-7b),
1.79 (m, H2-5); 13C NMR spectral data in CDCl3 see Ta
positive HRESIMS m/z 289.1157 (M + Na)+ (calc
C14H18O5Na, 289.1154).

2.4. Antimalarial assay

Antimalarial activity was evaluated against the pa
Plasmodium falciparum (K1, multidrug-resistant strain)
Quantitative assessment of activity in vitro was determin
means of the microculture radioisotope technique [17
inhibitory concentration (IC50) represents the concent
that causes 50% reduction in parasite growth as indicat
the in vitro uptake of [3H]-hypoxanthine by P. falciparum
standard compound was mefloquine.

2.5. Cytotoxicity assays

Cytoxicity assays against human epidermoid carcinoma
human breast adenocarcinoma (MCF7), human small ce
cancer (NCI-H187) and vero cells were performed emp



the colorimetric method [18]. The reference substances were
ellipticine and tamoxifen.
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Table 1
1H and 13C NMR spectroscopic data of goniothalesdiol A [31] and 1.

Goniothalesdiol A Compound 1

Position δH (J in Hz)a δCb δH (J in Hz)a δCa δCb

2 4.87 d (8.0) 73.4 4.86 d (5.2) 75.3 d 75.7 d
3 3.68 dd (8.0, 3.6) 85.7 4.04 dd (5.2, 3.2) 70.2 d 70.3 d
4 4.47 ddd (5.6, 3.6, 2.4) 72.8 3.89 br dt (7.2, 3.6) 66.4 d 66.2 d
5 1.77 ddd (13.6, 4.8, 2.4) 39.8 1.90–1.82 m 34.1 t 34.2 t

2.35 ddd (13.6, 8.4, 5.6)
6 4.38 dddd (8.4, 7.2, 6.4, 4.8) 74.4 4.16 br dq (9.2, 5.0) 67.7 d 67.4 d
7a 2.75 dd (15.2, 7.2) 40.3 2.90 dd (15.2, 9.2) 39.6 t 39.8 t
7b 2.61 dd (15.2, 6.4) 2.62 dd (15.2, 4.8)
8 172.3 171.8 s 171.8 s
CH3O-8 51.8 3.62 s 50.7 t 51.7 t
1′ 147.7 139.6 s 137.5 s
2′, 6′ 7.40 m 126.2 7.45 d (7.6) 127.0 d 127.0 d
3′, 5′ 7.31 m 128.4 7.34 t (7.6) 128.1 d 128.7 d
4′ 7.28 m 127.8 7.26 t (7.6) 127.1 d 128.0 d

a in acetone-d6.
b in CDCl3.
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2.6. Antimycobacterial assay

Antimycobacterial activity was assessed against My
terium tuberculosis H37Ra using the Microplate Alama
Assay (MABA) [19]. The standard drug was ethambutol.

3. Results and discussion

Chromatographic separation of the crude EtOAc and
extracts from the bark of G. elegants yielded a new
goniothalesdiol A (1) and 14 known compounds (2–15).
compoundswere identified on the basis of spectroscopic
ods and comparison of the data with literature values as
cardiobutanolide (2) [20], (+)-goniofufurone (3) [21]
altholactone (4) [22], (−)-8-epi-9-deoxygoniopypyron
[23], (+)-goniopypyrone (6) [21,22], (+)-goniodio
[21,24], (+)-goniotriol (8) [22,25], (+)-goniothalamin
(9) [26], (+)-goniothalamin (10) [27], piperolactam B
[28], goniopedaline (12) [29], velutinam (13) [29], aristol
BII (14) [30] and piperolactam C (15) [30].

Compound 1 was obtained as a white amorphous so
molecular formula was designated as C14H18O5 based on t
+ Na]+ ion peak at m/z 289.1157 (calcd 289.1154)
HRESIMS, indicating six indices of hydrogen deficiency. T
spectrum displayed an absorption maximum at 208 nm
an aromatic ring. The IR spectrum revealed the presen
hydroxy (3276 cm−1) and ester carbonyl (1730 cm−1) g
The 1H NMR data (Table 1) showed typical signals for a m
substituted benzene ringwith resonances at δ 7.45 (d, J=7
H-2′ andH-6′), 7.34 (t, J=7.6Hz, H-3′ andH-5′) and 7.26
7.6 Hz, H-4′). The 1H and 13C NMR spectra showed signals
4.86/75.3 (C-2), 4.04/70.2 (C-3), 4.16/67.7 (C-6), 3.89/66.4
indicating four oxymethine units. The 1H NMR spectrum
showed a multiplet signal of methylene protons at δH 1.82
(H2-5), two doublet of doublets of methylene protons at
(dd, J= 15.2, 9.2 Hz, H-7a) and 2.62 (dd, J=15.2, 4.8 Hz,
and a singlet of methyl ester at δ 3.62 (CH3O-8). The COS
exhibited the coupling correlations through the sequence
-
e

-
e
-
-
-
)
)
e
)

s
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o
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C

,
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0
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2

that 1 was consistent with a tetrahydropyran ring. The
correlation ofH-6withH-7 aswell asHMBC correlations fr
7 to C-5/C-6/C-8; H-2 to C-1′/C-2′; and methoxy proton
carbonyl carbon (δC 171.4, C-8) supported the location
acetyl on a methylene carbon (C-7), as well as, methylen
aromatic groups on C-6 and C-2 of the tetrahydropyran m
respectively. (See Fig. 1.)

Complete 1H and 13C NMR assignments of 1 were ma
comparison of the NMR values to those reported for a k
goniothalesdiol A (Table 1) [31]. The differences between
goniothalesdiol Awere the coupling constants ofH-2 andH
3=5.2 and 8.0 Hz); H-6 andH2-5 (J6/5ax= 5.0 and 8.4 Hz)
coupling pattern of methylene protons (H2-5), pro
evidence for 1 to be a stereoisomer of goniothalesd
Goniothalesdiol A has been clearly identified by the co
constants as a 2,3,4,6-tetrasubstituted tetrahydropyran
showing a chair conformation with cis-1,3-diequatorial
groups at C-2 and C-6 [31].

The stereochemistry of 1 was identified by analy
coupling constants and NOE experiment. The vicinal co
constants of H-2 and H-3 (J2/3 = 5.2 Hz) and H-6 and H2

5a = J6/5b = 5.0 Hz) are not clarified by a chair conform
Instead, these values agreewell with those reported for a
boat conformation for 1 [32] suggesting the steric effect
bulky groups. In addition, the NOE correlations between
H-4; H-3/H-6; H-4/H-5; H-4/H-6; and H-5/H-6 (Fig. 2
ported a plausible conformation with the trans 1,3-d
groups, revealing the relative stereochemistry of C-2 an
Moreover, the resonance signal of H-3 in 1 appears lowe
(δ 4.04) than in goniothalesdiol A (δ 3.68). While the sig
H-4 (δ 3.89) shows higher field than goniothalesdiol A (δ
suggesting an anisotropic effect of a benzene ring at C-2
the above evidence, the structure of 1was established as
6-epi-goniothalesdiol A.

According to the previous literature [14,31,33–35], a
sible biogenetic pathway for the isolated compounds (1–1
been proposed (Fig. 3). Goniomicin A undergoes (a)
ylation, oxidation, and Michael cyclization gives a new
goniothalesdiol A (1), alternatively (b) cyclization shoul



(+)-goniothalamin (10) which further give two epoxidized
products 9 and isogoniothalamin oxide. Trans-ring opening of
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Fig. 1. Structures of compounds 1–15.
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epoxide 9 yields (+)-goniodiol (7), and this is followed by
hydroxylation to give (+)-goniotriol (8). Rearrangeme
pyrone8 should give butenolide16which further goeshyd
to 2. Epimerization of 8 should give 7-epi-goniotriol follow
an intramolecular ring closing with inversion at the be
carbon to give 4. Finally, bicyclic lactones 3, 5 and 6 mig
obtained by Michael cyclization.

All compounds were evaluated for their cytotoxicity a
three cancer cell lines, antimalarial and antimycobacter
tivities which are summarized in Table 2. Compounds 4, 6
Fig. 2. Selected HMBC (arrow) and CO
c
f

y
c
e

t
-
,

and 5.89 μg/ml, respectively. Styryllactones 4 and 10 sh
strong cytotoxicity toward all three human cancer cell lines
IC50 in the range of 0.538 to 4.25 μg/ml, and also showed
antimycobacterial activity against M. tuberculosis, which a
with that previously been reported in literature [36,3
addition, compounds 2, 4, 10, and 14 showed potent cytoto
against theNCI-H187 cell linewith IC50 values of 2.17, 1.44
and 0.072 μg/ml, respectively. Among the fifteen compou
is very interesting to note that aristolactam 14 showed no
non-cytotoxicity to normal cell, but also exhibited sign
SY (bold) (left) and NOE correlations (right) of 1.



cytotoxicity against the small cell lung cancer with an IC50 value
of 0.072 μg/ml, that was stronger than the standard drug,
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Fig. 3. A plausible biogenesis pathway of 1 and styryllactones (2–10).
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ellipticine (IC50 = 1.12 μg/ml).
In summary, a new 6-epi-goniothalesdiol A (1), alon

nine styryllactones (2–10) and five aristolactams (11–15)
isolated from the bark of G. elegants. Biological activities
isolated compoundswere evaluated and it was found tha
of them exhibited cytotoxicity against one or more canc
lines including KB, MFC7 and NCI-H187 cells. The results
onstrate that G. elegants, a Thai herbal plant, can be utili
an excellent source of bioactive compounds.
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Table 2
Biological activities of the isolated compounds (1–15).

Compound Antimalariala

IC50 (μg/ml)
TBb

MIC (μg/ml)
Cytotoxicity IC50 (μg/ml)

KBc MCF7d NCI-187e Vero cell

1 Inactive Inactive Inactive Inactive Inactive Non-cytotoxic
2 Inactive Inactive Inactive Inactive 2.17 Non-cytotoxic
3 Inactive Inactive Inactive 34.06 Inactive Non-cytotoxic
4 2.80 50.00 0.96 4.25 1.44 6.28
5 Inactive Inactive Inactive Inactive 13.34 Non-cytotoxic
6 4.46 Inactive Inactive Inactive 17.41 16.27
7 3.28 Inactive 5.27 29.45 Inactive Non-cytotoxic
8 Inactive Inactive 14.57 11.90 6.37 15.48
9 2.28 Inactive 5.63 8.25 7.46 Non-cytotoxic
10 2.65 25.00 0.786 3.61 0.538 0.675
11 Inactive Inactive 27.33 20.54 Inactive Non-cytotoxic
12 Inactive Inactive 9.39 13.90 Inactive 6.14
13 5.89 Inactive 6.43 2.30 7.13 28.17
14 Inactive Inactive Inactive 15.4 0.072 Non-cytotoxic
15 Inactive Inactive Inactive Inactive Inactive Non-cytotoxic
Tamoxifenf 5.78
Ellipticinef 1.15 1.12 1.00
Mefloquinef 0.013
Ethambutolf 1.88

a Plasmodium falciparum.
b Mycobacterium tuberculosis.
c Oral cavity cancer.
d Breast cancer.
e Small cell lung cancer and,
f Standard drug.

211N. Suchaichit et al. / Fitoterapia 103 (2015) 206–212
[1] Wiart C. Goniothalamus species: a source of drugs for the treatm
cancers and bacterial infections. Evid Based Complement Alte
2007;4:299–311.

[2] Saunders RMK, Chalermglin P. A synopsis of Goniothalamus
(Annonaceae) in Thailand, with descriptions of three new specie
Linn Soc 2008;156:355–84.

[3] Din LB, Colegate SM, Razak DA. Scorazanone, a 1-aza-anthraquino
Goniothalamus scortechinii. Phytochemistry 1990;29:346–8.

[4] Fang X, Anderson JE, Chang C, Fanwick PE, McLaughlin JL
bioactive styryl-lactones: goniofufurone, goniopypyrone,
acetylgoniotriol from Goniothalamus giganteus(annonaceae).
molecular structure of goniofufurone and of goniopypyrone.
Soc Perkin 1 1990;6:1655–61.

[5] Jiang Z, Yu D-Q. New type ofmono-tetrahydrofuran ring acetogeni
Goniothalamus donnaiensis. J Nat Prod 1997;60:122–5.

[6] Lan Y-H, Chang F-R, Yu J-H, Yang Y-L, Chang Y-L, Lee S-J, et al. Cy
styrylpyrones from Goniothalamus amuyon. J Nat Prod 2003;66:48

[7] Omar S, Chee CL, Ahmad F, Ni JX, Jaber H, Huang J, et al. Phenan
lactams from Goniothalamus velutinus. Phytochemistry 19
4395–7.

[8] Seidel V, Bailleul F, Waterman PG. (Rel)-1β,2α-di-(2,4-dihydr
methoxybenzoyl)-3β, 4α-di-(4-methoxyphenyl)-cyclobutan
other flavonoids from the aerial parts of Goniothalamus gardn
Goniothalamus thwaitesii. Phytochemistry 2000;55:439–46.

[9] Soonthornchareonnon N, Suwanborirux K, Bavovada R, Patarapa
Cassady JM. New cytotoxic 1-azaanthraquinones and 3-amin
thoquinone from the stem bark of Goniothalamus marcanii. J N
1999;62:1390–4.

[10] Talapatra SK, Basu D, Chattopadhyay P, Talapatra B. Aristololac
Goniothalamus sesquipedalis wall. Revised structures of the 2-oxyg
aristololactams. Phytochemistry 1988;27:903–6.

[11] Tantithanaporn S, Wattanapiromsakul C, Itharat A, Keawpra
Cytotoxic activity of acetogenins and styryl lactones isolate
Goniothalamus undulatus Ridl. root extracts against a lung cancer
(COR-L23). Phytomedicine 2011;18:486–90.

[12] Dumitrescu L, Mai Huong DT, Van Hung N, Crousse B, Bonnet-De
Synthesis and cytotoxic activity of fluorinated analogues of Gonioth
lactones. Impact of fluorine on oxidative processes. Eur J Med Chem
45:3213–8.

[13] Inayat-Hussain SH, Annuar BO, Din LB, Ali AM, Ross D. Loss o
chondrial transmembrane potential and caspase-9 activation
f
d

s
J

l
-
y

c

e
:

-
d
d

,
-
d

f
d

.

e

.
s
;

-
g

[14] Kim RPT, Bihud V, Mohamad K, Leong KH, Mohamad J, Ahmad
Cytotoxic andantioxidant compounds from the stembark ofGonioth
tapisoidesMat Salleh. Molecules 2013;18:128–39.

[15] Pathommapas N, Prajudthasri P, Wongsa N, Homsombat P, Sritu
The Thai local wisdom of medicinal plants usage from Phu Dong
Forest, Ubonratana District, Khon Kaen Province. UDRU J Sci Techn
2008–2009;6:59–87.

[16] Trager W, Jensen JB. Human malaria parasites in continuous
Science 1976;193:673–5.

[17] Desjardins RE, Canfield CJ, Haynes JD, Chulay JD. Quantitative asse
of antimalarial activity in vitro by a semiautomated microdilutio
nique. Antimicrob Agents Chemother 1979;16:710–8.

[18] Skehan P, StorengR, ScudieroD,Monks A,McMahon J, VisticaD, et
colorimetric cytotoxicity assay for anticancer-drug screening. J Nat
Inst 1990;82:1107–12.

[19] Collins L, Franzblau SG. Microplate alamar blue assay versus BACT
system for high-throughput screening of compounds against Myc
rium tuberculosis andMycobacterium avium. Antimicrob Agents Che
1997;41:1004–9.

[20] HishamA, ToubiM, ShuailyW,Ajitha BaiMD, Fujimoto Y. Cardiobut
a styryllactone from Goniothalamus cardiopetalus. Phytochemistry 2
597–600.

[21] Fang X-P, Anderson JE, Chang C-J, McLaughlin JL, Fanwick PE. Tw
styryl lactones, 9-deoxygoniopypyrone and 7-epi-goniofufuron
Goniothalamus giganteus. J Nat Prod 1991;54:1034–43.

[22] Prasad KR, Gholap SL. Stereoselective total synthesis of b
styryllactones (+)-goniofufurone, (+)7-epi-goniofufurone,
goniopypyrone, (+)-goniotriol, (+)-altholactone, and (−)-etha
J Org Chem 2008;73:2–11.

[23] Tai BH, Huyen VT, Huong TT, Nhiem NX, Choi E-M, Kim JA, et
pyrano-pyrone from Goniothalamus tamirensis enhances the proli
and differentiation of osteoblasticMC3T3-E1 cells. ChemPharmBu
58:521–5.

[24] Kiran INC, Reddy RS, Suryavanshi G, Sudalai A. A concise enantios
synthesis of (+)-goniodiol and (+)-8-methoxygoniodiol via Co-ca
HKR of anti-(2SR, 3RS)-3-methoxy-3-phenyl-1, 2-epoxypropane
hedron Lett 2011;52:438–40.

[25] Yang Z, Zhou W. Asymmetric total synthesis of (+)-goniotriol an
goniofufurone. Tetrahedron 1995;51:1429–36.

[26] Harsh P, O'Doherty GA. De novo asymmetric syntheses o
goniothalamin, (+)-goniothalamin oxide and 7,8-bis-epi-gonioth
using asymmetric allylations. Tetrahedron 2009;65:5051–5.

http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0005
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0005
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0005
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0010
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0010
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0010
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0015
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0015
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0180
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0180
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0180
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0180
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0180
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0020
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0020
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0025
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0025
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0030
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0030
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0030
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0185
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0185
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0185
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0185
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0035
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0035
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0035
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0035
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0040
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0040
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0040
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0045
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0045
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0045
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0045
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0050
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0050
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0050
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0050
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0055
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0055
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0055
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0055
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0060
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0060
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0060
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0065
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0065
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0065
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0065
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0070
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0070
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0075
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0075
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0075
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0080
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0080
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0080
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0085
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0085
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0085
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0085
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0090
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0090
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0090
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0095
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0095
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0095
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0100
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0100
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0100
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0100
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0105
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0105
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0105
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0105
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0110
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0110
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0110
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0110
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0115
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0115
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0120
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0120
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0120


[27] Pospíšil J, Markó IE. Total synthesis of (R)-(+)-goniothalamin and (R)-
(+)-goniothalamin oxide: first application of the sulfoxide-modified Julia

d 4,5
1–5.
a. Chem

MAC
t Pro

tems o

T, et a
marin
dinium

[33] Blázquez MA, Bermejo A, Zafra-Polo MC, Cortes D. Styryl-lactones from
Goniothalamus species. Phytochem Anal 1999;10:161–70.

f (+)-
A, (−)-
(+)-1-
–30.
tive 6S-
014;26:

tikul P.
e new
techinii.

lactones
armacol

212 N. Suchaichit et al. / Fitoterapia 103 (2015) 206–212
olefination in total synthesis. Tetrahedron Lett 2006;47:5933–7.
[28] Desai SJ, Prabhu BR, Mulchandani NB. Aristolactams an

dioxoaporphines from Piper longum. Phytochemistry 1988;27:151
[29] Yang X-N, Jin Y-S, Zhu P, Chen H-S. Amides from Uvaria microcarp

Nat Compd 2010;46:324–6.
[30] Marques M, Velozo LSM, Moreira DL, Guimaraes EF, Kaplan

Aristolactams from roots of Ottonia anisum (Piperaceae). Na
Commun 2011;6:939–42.

[31] Lan Y-H, Chang F-R, Yang Y-L, Wu Y-C. New constituents from s
Goniothalamus amuyon. Chem Pharm Bull 2006;54:1040–3.

[32] Fukatsu T, Onodera K, Ohta Y, Oba Y, Nakamura H, Shintani
Zooxanthellamide D, a polyhydroxy polyene amide from a
dinoflagellate, and chemotaxonomic perspective of the Symbio
polyols. J Nat Prod 2007;70:407–11.
-

.
d

f

l.
e

[34] Shing TKM, Tsui HC, Zhou ZH. Enantiospecific syntheses o
goniofufurone, (+)-7-epi-goniofufurone, (+)-goniobutenolide
goniobutenolide B, (+)-goniopypyrone,(+)-altholactone,
goniotriol, and (+)-7-acetylgoniotriol. J Org Chem 1995;60:3121

[35] Liou JR, Wu TY, Thang TD, Hwang TL,Wu CC, Cheng YB, et al. Bioac
styryllactone constituents of Polyalthia parviflora. J Nat Prod 2
2626–32.

[36] Prawat U, Chaimanee S, Butsuri A, Salae A-W, Tuntiwachwut
Bioactive styryllactones, two new naphthoquinones and on
styryllactone, and other constituents from Goniothalamus scor
Phytochem Lett 2012;5:529–34.

[37] LekphromR, Kanokmedhakul S, Kanokmedhakul K. Bioactive styryl
and alkaloid from flowers of Goniothalamus laoticus. J Ethnoph
2009;125:47–50.

http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0125
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0125
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0125
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0130
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0130
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0135
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0135
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0140
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0140
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0140
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0145
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0145
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0150
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0150
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0150
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0150
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0155
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0155
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0160
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0160
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0160
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0160
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0165
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0165
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0165
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0170
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0170
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0170
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0170
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0175
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0175
http://refhub.elsevier.com/S0367-326X(15)00095-7/rf0175

	A 2H-�tetrahydropyran derivative and bioactive constituents from the bark of Goniothalamus elegants Ast
	1. Introduction
	2. Experimental
	2.1. General experimental procedures
	2.2. Plant material
	2.3. Extraction and isolation
	2.4. Antimalarial assay
	2.5. Cytotoxicity assays
	2.6. Antimycobacterial assay

	3. Results and discussion
	Conflict of interest
	Acknowledgment
	Appendix A. Appendix data
	References


