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Abstract

Five new lupane triterpene coumaroyl esters (1-5), together with betulin (6) and a known Buxus
alkaloid, N-3-benzoyldihydrocyclomicrophylline F (7), were isolated from a CHCls-soluble
partition of a methanol extract of Buxus cochinchinensis Pierre ex Gagnep. (Buxaceae) collected
in Vietnam. Isolation work was monitored using human colon cancer cells (HT-29). The structures
of the new compounds (1-5) were determined on the basis of spectroscopic data interpretation. In
addition to their cytotoxicity against HT-29 cells and NF-xB (p65) inhibitory activity in an ELISA
assay, all isolates, as well as two semi-synthetic compounds derived from betulin and 5,
respectively, were also evaluated for their in vitro antiplasmodial activities against the drug-
resistant Dd2 strain of Plasmodium fal ciparum and antifungal effects on the growth of the
pathogenic yeast Candida albicans. The new lupane triterpene coumaroyl esters (1-5), along with
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a betulin derivative and the known Buxus alkaloid, were found to show significant in vitro
antimalarial activities, with 1Cgg values ranging from 0.26 to 2.07 pM.
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Introduction

Buxus, commonly known as “boxwood”, is the largest genus of the plant family Buxaceae,
which comprises over 70 species, and is distributed mainly in southern Europe, southern
Asia, Africa, Madagascar, and North and Central America [1]. In addition to being widely
used for landscaping purposes, plants of the genus Buxus have also been employed in
traditional medicine for the treatment of epilepsy, leprosy, malaria, rheumatism, skin
infections, toothache, and venereal disease [2]. Phytochemical studies on plants of the this
genus have resulted in the isolation and structural characterization of over 200 Buxus
alkaloids, which biosynthetically are considered as degraded triterpenoid alkaloids based on
a cycloartenol skeleton. As the major biological active agents from Buxus species, these
alkaloids have shown a wide variety of activities, including cytotoxicity, antibacterial,
antimalarial, and cholinesterase inhibitory properties [3-5].

Buxus cochinchinensis Pierre ex Gagnep., a large shrub, 1-2 m high, with gray-white stems
and dark green fruits, is a boxwood species native to southeastern Asia [6]. To the best of
our knowledge, no phytochemical investigation has been carried out on this plant to date. As
part of our continuing efforts to discover naturally occurring biologically active agents from
plants, a chloroform-soluble partition of a methanol extract from a combination of leaves,
twigs and fruits of B. cochinchinensis collected in Vietnam was found to show cytotoxicity
against the HT-29 human colon cancer line, with an EDsq value of 7.8 pg/mL, and thus was
fractionated by bioactivity-guided isolation using this assay. Seven lupane-type triterpenes,
including five new lupane triterpene coumaroyl esters (1-5), together with two previously
known compounds, betulin (6) [7] and N-benzoyldihydrocyclomicrophylline F (7) [8, 9]
were isolated and identified in present study. The structures of the new compounds (1-5)
were determined as 3-O-(E)-p-coumaroyl-23-hydroxybetulin (1), 3-O-(E)-p-coumaroyl-23-
hydroxy-3-epi-betulin (2), 3-O-(2)-p-coumaroyl-23-hydroxy-3-epi-betulin (3), 23-O-(E)-p-
coumaroyl-23-hydroxybetulin (4), and 23-O-(2)-p-coumaroyl-23-hydroxybetulin (5), on the
basis of spectroscopic data interpretation.

As mentioned above, plants of the genus Buxus have been reported with antimalarial and
antifungal related properties. Thus, besides the human colon cancer cell line HT-29 and the
NF-kB inhibitory bioassays, all the isolates obtained in the current study, together with two
semi-synthetic compounds, 3,28-O-diacetylbetulin [10] and 23-hydroxybetulin [11], which
were derived from betulin and 5 respectively, were further screened for their antiplasmodial
activities against the drug-resistant Dd2 strain of Plasmodium falciparumand inhibitory
effects on the growth of the pathogenic yeast Candida albicans.
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Results and Discussion

Compounds 1-5 were found to share a common molecular formula of C3gH5605 as
determined from the sodium adduct ion peak [M + Na]* in the HRESIMS of each
compound. Based on their spectroscopic data interpretation, the structures of compounds 1-
5 could be determined as coumaroyl esters of lupane-type triterpenoid (Fig. 1.), being
stereoisomers or positional isomers to each other, as discussed in detail below.

The HRESIMS of 1 afforded a sodiated molecular ion peak at m/z 627.4028, corresponding
to an elemental formula of C39H5O5Na (calcd for m/z 627.4025). The IR spectrum of
compound 1 showed characteristic absorptions of hydroxy group (3400 cm™1) and
conjugated ester carbonyl group (1681 cm™1), as well as those for alkene and/or phenyl ring
(1604 and 1514 cm™1) [12, 13]. The UV absorption maxima at 312 and 227 nm suggested
the presence of a phenolic acid residue [14]. The 1H NMR spectrum displayed signals
attributable to a trans-p-coumaroyl group, with an AA'BB' spin system of a 1,4-disubstituted
benzene ring at 6y 7.52 (2H, d, J=8.5 Hz, H-5"and 9') and 6.79 (2H, d, J= 8.5 Hz, H-6" and
8", as well as a double bond with a trans configuration at 8y 6.32 (1H, d, J = 16.0 Hz, H-2")
and 7.49 (1H, d, J = 16.0 Hz, H-3"). Also observed in the 1H NMR spectrum were signals of
five tertiary methyl groups at 8 0.72 (3H, s, Hz-24), 0.85 (3H, s, H3-25), 0.96 (3H, s,
H3-27), 1.10 (3H, s, H3-26), and 1.65 (3H, s, H3-30), while resonances at 6y 4.84 (1H, dd, J
=11.0 and 5.0 Hz, H-3), 8y 2.96 and 3.16 (each 1H, d, J = 10.5 Hz, H-23a and H-23b), as
well as 8y 3.09 and 3.53 (each 1H, d, J = 10.1 Hz, H-28a and H-28b), were attributed to
proton signals attached to an oxygenated methine group and two oxygenated methylene
groups, respectively. In addition, the presence of an olefinic methylene was recognized
based on the proton resonance at 8y 4.68 and 4.55 (each1H, brs, H-29a and H-29b) (Table
1). In the 13C NMR spectrum of 1, besides the nine carbon resonances ascribed to the p-
coumaroyl moiety at 5¢ 166.1 (C, C-1"), 114.9 (CH, C-2"), 144.1 (CH, C-3"), 125.1 (C, C-4),
130.7 (2 x CH, C-2'and 9), 115.7 (2 x CH, C-6'and 8') and 159.6 (C, C-7'), the remaining
30 carbon signals were classified from DEPT and HSQC analysis into five methyls, ten
alkyl methylenes, five alkyl methines, five alkyl quaternary carbons, three oxygen-bearing
carbons (including two primary and one secondary) and two alkene carbons belonging to a
disubstituted terminal double bond (Table 2). These NMR data suggested that 1 is an (E)-p-
coumaroyl ester derived from the pentacyclic lupane-type triterpene, with the skeleton
similar to those of the known oxygenated betulin analogues [7, 12, 13, 15].In the HMBC
spectrum, besides the correlations with C-4, C-23 and CHs-24, the low-field oxygenated
methine proton at 5y 4.84 was also found to show a key correlation with C-1', the carbonyl
carbon of the coumaroyl moiety. Consequently, it could be deduced that the esterification by
a coumaric acid unit occurs at C-3. Furthermore, the oxygenated methylene protons at 6
2.96 and 3.16, were found to show HMBC correlations with C-5 and C-3, respectively,
while signals from another set of oxygenated methylene protons at 3y 3.09 and 3.53,
displayed long range correlations with C-16 and C-22, respectively. Therefore, the positions
of the free hydroxy groups were concluded as occurring at C-23 and C-28. In addition,
HMBC correlations of the terminal methylene protons of H-29 with CH3-30 and C-19
confirmed the presence of a characteristic isopropene moiety on ring E, which is a typical
structural feature of betulin analogues (Fig. 2.). In the NOESY spectrum, key correlation of
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H-3 with H-5, indicated the  orientation of the coumaryol substituent on C-3. The NOE
effects observed from H3-24 to H3-25, as well as from H-23 to H-5, suggested the
hydroxyethylene group (C-23) on C-4 to be an a-position. In the same way, the
hydroxyethylene group (C-28) on C-17 was inferred as being 3 oriented based on the NOE
resonances of H-28a/H-13 and H3-26. Furthermore, key NOE effects were also observed
from Hs3-25 to H3z-26, H3-26 to H-13, H3-27 to H-9 and H-18, as well as H-19 to H-13,
which revealed that the relative configuration of compound 1 is consistent with those of
known betulin analogues (Fig. 2.). Accordingly, the structure of 1 was elucidated as 3-O-
(E)-p-coumaroyl-23-hydroxybetulin.

The HRESIMS of compound 2 showed a sodiated molecular ion peak at n/z 627.4048,
corresponding to a molecular formula of C3gHs505Na, the same as that of compound 1. The
NMR spectra of compound 2 were quite comparable with that of compound 1, with the
major differences focused on ring A. In the IH NMR of 1, H-3 appeared at 8y 4.94 as a
broad singlet, with the coupling pattern very different from that of compound 1, where it
was observed as a double doublet with coupling constants of 11.0 and 5.0 Hz (Table 1). This
implied that rather than an equatorial B-position in compound 1, the coumaroyl substituent
on C-3 in compound 2 adopted an axial a-substitution. Due to this change, a gauche y-effect
on C-1 of compound 1 was caused by the axially oriented coumaroyl group at C-3 [16],
which led to an upfield shift of 3.8 ppm for C-1 in the 13C NMR spectrum, when compared
with this same signal in compound 1 (Table 2). Furthermore, in the NOESY spectrum, H-3
was observed to show strong correlations with H-24 and H-2f, as well as relatively weak
correlations with H-23 and H-2a, which was consistent with its presumed equatorial -
configuration. Thus, the structure of compound 2 was elucidated as 3-O-(E)-p-
coumaroyl-23-hydroxy-3-epi-betulin (2), or the C-3 epimer of compound 1.

The molecular formula of compound 3 was determined to be C3gHs505Na, the same as that
of compounds 1 and 2, from the sodiated molecular ion peak at m/z627.4060 in the
HRESIMS. A close inspection of the NMR data of compounds 2 and 3 revealed that the
major differences were in the coumaroyl residue on C-3. By comparison of the 1H NMR
spectrum of 3 with that of 2, the olefinic doublets of H-2' and H-3' of the coumaroy! group
were upfield shifted from 8 6.33 and 7.66 to 8 5.88 and 6.89, respectively, with the
coupling constant being ~12.7 Hz, smaller than ~16.0 Hz, which was observed for that of
compound 2 (Table 1). These notable differences suggested that in compound 3, the double
bond of the p-coumaroyl group adopted a Z configuration rather than an E configuration.
Further analysis of the 2D NMR of 3 revealed the presence of the comparable HMBC
effects and NOE correlations with that of compound 2. Accordingly, the structure of
compound 3 was determined as 3-O-(2)-p-coumaroyl-23-hydroxy-3-epi-betulin (3), a
configurational stereocisomer of compound 2.

Compound 4 gave a molecular formula of C3gHs605, the same as that of compounds 1-3,
based on the analysis of the HRESIMS. When the IH NMR data of compound 4 were
compared with those of compound 1, the oxygenated methine proton signal assigned to H-3,
was shifted upfield from 8 4.84 ppm to 8y 3.45 ppm, while the protons of one oxygenated
methylene group appeared at relatively lowfield region with chemical shifts of &4 3.88 (1H,
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d, J=11.6 Hz) and 4.38 (1H, d, J = 11.6 Hz), respectively (Table 1). In the HMBC
spectrum, these two oxygenated methylene protons were observed to have correlations with
C-3, C-4, C-24 and the C-1', the carbon of the carbonyl group of the coumaroyl moiety. All
this evidence suggested that the esterification with the coumaroyl residue occurred at C-23
in compound 4, instead of on C-3 in compound 1. In addition, the equatorial  position of
the free hydroxy group on C-3 was concluded from the coupling pattern of H-3 (t, J= 8.0
Hz), and confirmed by the observed NOE correlations of H-3 with H-23, H-1a as well as
H-5. Thus, the structure of compound 4 was elucidated as 23-O-(E)-p-coumaroyl-23-
hydroxybetulin (4), a positional isomer of compound 1.

Compound 5 showed comparable NMR spectra to those of 4. The cis configuration of the
coumaroyl group was recognized based on the notable upfield shifted olefinic protons (H-2'
and H-3") at 8 5.84 and 6.89 ppm, as well as a relatively smaller coupling constant of ~12.7
Hz ascribed to these two characteristic doublets when compared with compound 4 (Table 1).
Further HMBC analysis revealed that the (2)-p-coumaroyl functionality was also located at
C-23, the same as in compound 4. Moreover, key NOE effects observed for 5 were similar
to those observed for 4. Consequently, compound 5 was designated as 23-O-(2)-p-
coumaroyl-23-hydroxybetulin (5), a configurational sterecisomer of compound 4.

Betulin derived lupane-type triterpenes are widely distributed throughout the plant kingdom.
A variety of biological activities, including cytotoxicity, antiviral and antibacterial activities,
anti-inflammatory activity, and in vitro antimalarial effect, have been ascribed to certain
betulin derivatives [17]. The natural occurring of 3-epi-betulin derived triterpenes is much
less common than the normal ones, and plant family Celastraceae seems to be one of the
major resource containing 3-epi-betulin derivatives [18, 19]. When considering the natural
occurring esterification of the hydroxy groups of these betulin-type triterpenes, cinnamon
acid derived substitution is not very common and which is more often happened on C-3 and
C-28 rather than on other positions of the skeleton. The co-occurrence of E- and Z-isomers
of the coumaryl moieties in present study may raise the question that if the E/Z-
isomerization was induced by light in vitro. During the isolation procedure, the purification
of these compounds always lasted for several days with the samples exposed to natural light
at room temperature, but no notable change has been detected for the ratio of E/Z- coumaryl
isomers by HPLC analysis. In addition, for pure compounds 1-5, which dissolved in
deuterium DMSO or CDCl3 and stored in room temperature without light prevention for
over 72 hours, no alteration were observed between E/Z- coumaryl isomers. Thus, in present
study, the co-occurrence of the E/Z-isomers of the coumaryl moieties of the triterpens in
Buxus cochinchinensis is more likely derived from a light-independent isomerization, as
same as that reported for plants Perrottetia arisanensis and Strychnos vanprukii Craib [18,
20]. All pure compounds obtained in the present investigation were evaluated for their
cytotoxic activity against the HT-29 human colon cancer cell line. The known Buxus
alkaloid N-3-benzoyldihydrocyclomicrophylline F (7) and the new compound, 3-O-(2)-p-
coumaroyl-23-hydroxy-3-epi-betulin (3), were found to be the most cytotoxic agents against
HT-29 cells in present study, with EDsgq values of 1.9 uM and 3.3 pM, respectively. In
addition, marginal cytotoxic effects were observed for 3-O-(E)-p-coumaroyl-23-hydroxy-3-
epi-betulin (2) and 23-O-(Z)-p-coumaroyl-23-hydroxybetulin (5). In this bioassay,
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triterpenes with a (2)-p-coumaroyl group exhibited more potent activity than the (E)-p-
coumaroyl triterpene esters (Table 3).

An ELISA NF-kB assay was also employed to evaluate the p65 (Rel A) inhibitory activity
of all the isolates, most of which were considered inactive with their ICsq values of >20 uM
in this assay, except for the semi-synthetic compound 23-hydroxybetulin (ICgg = 4.0 uM).
This result implied that the occurrence of a free hydroxy group at C-3, C-23 and C-28 in the
molecule might be important for the observed NF-kB inhibitory activity ascribed to 23-
hydroxybetulin.

Furthermore, the drug-resistant Dd2 strain of Plasmodium falciparum and a pathogenic
strain of Candida albicans (ATCC® 18804TM) was used to evaluate the antiplasmodial and
antifungal effects of all the isolates, respectively. No obvious growth inhibition of C.
albicans cells were observed for the test compounds at a concentration of 40 pg/mL.

In the P. falciparumassay, all the new compounds (1-5), along with the known Buxus
alkaloid, N-benzoyldihydrocyclomicrophylline F (7), were found to show significant in vitro
antimalarial activities, with ICgq values ranging from 0.26 to 2.07 uM (Table 3). To gain
some information on the structure-activity relationships, two semi-synthetic compounds,
3,28-O-diacetylbetulin and 23-hydroxybetulin, which were derived from betulin and
compound 5 respectively, were also subjected to the same bioassay. The test results showed
that 3,28-O-diacetylbetulin, the diacetate derivative of betulin was inactive (ICgg >20 pM),
while 23-hydroxybetulin, the hydrolysis product of compound 5, retained antimalarial
potency, with an ICsq value of 1.33 + 0.37 uM. Although belutin triterpenes have been
reported to possess antimalarial activities, the in vitro tests of these analogues against the
parasitic strains to date are not quite significant. According to previously studies, betulinic
acid exhibited in vitro antiplasmodial activities against Plasmodium falciparum strains K1,
T9-96 and 3D7, with ICgq values ranging from 19.0 uM to 56.8 uM, and its methylate
showed in vitro antimalarial activity agains P. falciparum strain 3D7 with an 1Cgq value of
7.0 um [21-23]. All this evidence suggested that the substitutution of a hydroxy group or a
coumaroyl ester group at C-23 plays an important role for the observed antiplasmodial
activities ascribed to these betulin derivatives. Moreover, esterification at C-3 or C-23 by
coumaroyl group seems to slightly increase the resultant activity, while 3-epi betulin
analogues were found be less potent than the normal 33 hydroxy derivatives.

Although many Buxus plants have documented ethnomedicinal uses for the treatment of
malaria [3, 4], and some plant extracts of in this genus have also been reported to show
antimalarial activities in in vitro and/or in vivo studies [24, 25], the chemical types of the
active principles that are responsible for the antiplasmodial effects are incompletely
understood. As the major constituents of boxwood species, Buxus alkaloids have been
proposed as the most likely active constituents for the antimalarial activity ascribed to these
plants. However, to the best of our knowledge, thus far, only the known cycloartane alkaloid
O-tigloylcyclovirobuxeine-B, isolated from B. sempervirens, has been reported to show in
vitro antiplasmodial activity against Plasmodium falciparum, with an I1Csq value of 0.92 pM
(0.46 pg/mL) [26]. The present investigation has revealed that besides the well-known
Buxus alkaloids, lupane triterpenoids based on 23-hydroxybetulin, are another class of
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constituents potentially responsible for the antimalarial properties exhibited by plants of the
genus Buxus.

Materials and Methods

General experimental procedures

Optical rotations were recorded on a Perkin-Elmer 343 automatic polarimeter
(PerkinElmer). UV spectra were measured on a Hitachi U-2910 spectrophotometer
(Hitachi). NMR spectroscopic data were obtained on a Bruker Avance DRX-400
spectrometer (Bruker), using standard Bruker pulse sequences (room temperature), and
processed with Topspin™ 3.1 (Bruker BioSpin). High-resolution electrospray ionization
mass spectra (HRESIMS) were performed on a Micromass Q-Tof™ (Micromass) mass
spectrometer (calibration with sodium iodide). Analytical TLC was carried out with
precoated 250 um thickness silica gel UV 54 aluminum-backed plates (Sorbent
Technologies), and preparative TLC was carried out with precoated 500 um thickness silica
gel UV, glass-backed plates (Sorbent Technologies). Column chromatography was
conducted on silica gel (230-400 mesh; Sorbent Technologies). The HPLC was carried out
on a Waters system comprised of a 600 controller, a 717 Plus autosampler, and a 2487 dual
wavelength absorbance detector. Waters Xbridge® (4.6 x 150 mm), semi-preparative (10 x
150 mm), and preparative (19 x 150 mm) Cyg (5 um) columns were used for analytical,
semi-preparative and preparative HPLC, respectively.

Plant material

A combination of the leaves, twigs and fruits of Buxus cochinchinensis Pierre ex Gagnep.
(Buxaceae) was collected in Nui Chua National Park, Ninh Thuan Province, Vietnam
(11°41.128' N; 109°09.694' E) by DDS, TNN, and Bui Van Thanh, on 24 July, 2011, who
also identified this plant. A voucher specimen (original collection Sogjarto et al. 14857) has
been deposited in the John G. Searle Herbarium of the Field Museum of Natural History
(under accession number FM-2300811), Chicago, Illinois.

Extraction and isolation

A combination of the dried and milled leaves, twigs and fruits of Buxus cochinchinensis (5
kg) was macerated overnight using 95% MeOH at room temperature (3 x 6 L). This crude
extract was concentrated under reduced pressure to yield 750 g of thick dark brown syrup,
which was partitioned sequentially with hexane (3 x 2 L) and chloroform (3 x 2 L). The
chloroform partition was washed with 1% saline solution (3 L) to yield 150 g of a partially
detannified chloroform-soluble extract, which was found to be active against the HT-29 cell
line (EDgp = 12.0 pg/mL). Accordingly, part of this fraction (140 g) was subjected to
separation over a Si gel column (7 x 50 cm), with a gradient elution system CH,Cl,—acetone
(20:1, 15:1, 10:1, 8:1, 6:1, 4:1, 3:1, 2:1, 1:1 and pure acetone, 4L per gradient), to yield 17
fractions (FO1-F17). A substantial amount of a white precipitate formed from a non-cytoxic
subfraction FO3 (15:1, 23.0 g) when it was dissolved in a mixture of CHClz—methanol (3:1).
Betulin (6) (1.0 g, purity > 95%) was obtained after the recrystallization of this precipitate
from the same solvent. Fractions FO6 (10:1) and F12 (3:1) were found to be the most active
against the HT-29 cells (EDsgg = 8.0 and 6.3 pg/ml, respectively) among these sub-fractions
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obtained. Fraction F06 (2.5 g) was chromatographed over an open Cqg-reversed phase
column (2 x 20 cm) with a MeOH-H,0 gradient solvent system (50:50, 60:40, 70:30, 80:20,
and 90:10, 200 mL per gradient), to yield 17 pooled subfractions (F601- F617).
Subfractions F610 (80:20, 100 mg) and F611 (80:20, 110 mg) were detected by TLC as
terpene-rich subfractions, and were combined and subjected to separation by preparative
TLC (20 x 20 cm, 500 pm x 2), developed by CHClz—acetone (5:1, 200 mL for each plate),
to yield compound 4 (Rf = 0.7, 12.0 mg, purity > 98%), and three subfractions designated as
F6(10-11)A-D. Subfraction F6(10-11)C (30 mg) was chromatographed on a semi-
preparative RP-18 column (150 mm x 10 mm i.d.) by HPLC, using a gradient CH3CN-H,0
solvent system [50:50 to 100% CH3CN (both solvent with 0.1 formic acid) in 20 min; flow
rate 6.0 mL/min], to afford compound 5 (15 mg, tg = 11.9 min, purity > 95%). Subfraction
F6(10-11)D (33 mg) was purified on the same semi-preparative RP-18 column by HPLC,
using a gradient CH3CN-H,0 solvent system [60:40 to 100% CH3CN in 17 min; flow rate
5.0 mL/min], to afford compounds 2 (6.0 mg, tg = 15.2 min, purity > 95%) and 3 (7.0 mg; tg
= 15.8 min, purity > 95%), respectively. Compound 1 (15 mg, purity > 97%) was
precipitated from the parent solution of subfraction F615 (90:10, 35 mg) and recrystallized
from a mixture of MeOH-H,0.

Fraction F12 (1.2 g) was subjected to passage over a Sephadex LH-20 (2 x 35 ¢cm) and
eluted with 100% MeOH (600 mL) to furnish five pooled subfractions (F1201- F1205).
Subfraction F1204 (200 mg) which gave a positive test for Dragendorff’s reagent, was
subjected to separation over a Si gel column (1 x 40 cm) with gradient elution system
CHCI3-MeOH (20:1, 10:1, 5:1and 2:1, 200 mL per gradient), to afford the known alkaloid
N-benzoyldihydrocyclomicrophylline F (7) (2:1, 5.0 mg).

3-0-(E)-p-coumaroyl-23-hydroxybetulin (1): white powder; m.p. 199-200°C; [a]%°p +32.0
(c 0.06, MeOH); UV (MeOH) hmax (l0g €) 203 (4.23), 227 (4.08), 312 (4.34) nm; IR (film)
Vmax 3400, 2942, 2859, 1681, 1632, 1604, 1514, 1450, 1369, 1168, 1012, 831, 756 cm~L; 1H
NMR (400 MHz, DMSO) and 13C NMR (150 MHz, DMSO) data, see Tables 1 and 2;
HRESIMS nvz 627.4028 [M + Na]* (calcd for C3gH5605Na, 627.4025).

3-0-(E)-p-coumaroyl-23-hydroxy-3-epi-betulin (2): white powder; m.p. 180-182°C; [a]?°p
+5.0 (¢ 0.1, MeOH); UV (MeOH) Amax (log €) 205 (4.23), 226 (4.10), 312 (4.34) nm; IR
(film) vimax 3350, 2945, 2854, 1681, 1631, 1604, 1514, 1450, 1368, 1167, 1025, 831, 756
cm~L; IH NMR (400 MHz, CDCl3) and 13C NMR (150 MHz, CDCl5) data, see Tables 1 and
2; HRESIMS m/z 627.4048 [M + Na]* (calcd for C3gHs05Na, 627.4025).

3-0-(2)-p-coumaroyl-23-hydroxy-3-epi-betulin (3): white powder; m.p. 165-167°C; [a]®°p
-26.5 (0.1, MeOH); UV (MeOH) Amax (109 €) 204 (4.22), 310 (4.19) nm; IR (film) vinax
3352, 2944, 2859, 1688, 1604, 1514, 1451, 1376, 1167, 1026, 831, 756 cm™1; IH NMR (400
MHz, CDCl3) and 13C NMR (150 MHz, CDCl5) data, see Tables 1 and 2; HRESIMS nmvz
627.4060 [M + Na]™ (calcd for C3gH5605Na, 627.4025).

23-O-(E)-p-coumaroyl-23-hydroxybetulin (4): white powder; m.p. 165-167°C; [a]%’p +3.0
(c0.1, MeOH); UV (MeOH) Anax (log €) 204 (4.07), 228 (3.95), 313 (4.24) nm; IR (film)
vmax 3370, 2940, 2864, 1687, 1632, 1604, 1514, 1450, 1381, 1167, 1022, 831, 755 cm™1; 1H
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NMR (400 MHz, CDCls3) and 13C NMR (150 MHz, CDCls) data, see Tables 1 and 2;
HRESIMS nvz627.4023 [M + Na]* (calcd for CggH5505Na, 627.4025).

23-0-(2)-p-coumaroyl-23-hydroxybetulin (5): white powder; m.p. 162-163°C; [a]?°p +51
(c 0.1, MeOH); UV (MeOH) Amax (log €) 204 (4.10), 311 (4.08) nm; IR (film) vimax 3374,
2942, 2870, 1691, 1604, 1514, 1451, 1376, 1166, 1023, 832, 756 cm™1; IH NMR (400 MHz,
CDCls) and 13C NMR (150 MHz, CDCls) data, see Tables 1 and 2; HRESIMS nmvz
627.4054 [M + NaJ* (calcd for C3gHsO5Na, 627.4025).

Preparation of 3,28-O-diacetylbetulin (8) from betulin (6)

Betulin (6) (18 mg) was dissolved in a mixture of pyridine (1.0 mL) and acetic anhydride
(1.0 mL). After being stirred overnight at room temperature, the excess pyridine and acetic
anhydride were evaporated to yield nearly 19 mg of 3,28-O-diacetylbetulin (8) (putity >
98%). This compound was obtained as white powder [m.p. 222-223°C (lit. m.p. 223-
224°C)], and spectroscopic data (NMR and MS) were consistent with published values [10].

Preparation of 23-hydroxybetulin (9) from 23-O-(2)-p-coumaroyl-23-hydroxybetulin (5)
23-0O-(2)-p-coumaroyl-23-hydroxybetulin (5) (2.0 mg) was dissolved in 0.3 mL MeOH, then
0.3 mL of LiOH-H,0 (5 mg LiOH dissolved in 0.3 mL of H,0) was added. After being
stirred overnight at room temperature, 3 mL of saturated aqueous solution of NaCl were
added to this mixture, and which was further partitioned with CHCI3. The organic phase was
evaporated under reduced pressure after washing with water to give 23-hydroxybetulin (9)
(1.4 mg, purity > 95%). This compound was obtained as white powder [m.p. 258-260°C (lit.
m.p. 260-262°C)], and spectroscopic data (NMR and MS) were consistent with published
values [11].

Cytotoxicity assay

The cytotoxic activity of extracts, chromatographic fractions of extracts, and all pure
compounds were evaluated against human colon cancer (HT-29) cell line, according to a
previously described protocol [27]. Paclitaxel (Sigma-Aldrich, = 97%) was used as positive
control substance.

Enzyme-based ELISA NF-xB assay

The NF-xB p65 subunit inhibitory activity of pure compounds was tested in an ELISA NF-
kB assay, which was carried out according to a published protocol [28, 29]. Rocaglamide
(Enzo Life Sciences, = 97%) was used as a positive control substance.

Antimalarial bioassay

The effects of compounds 1-6 on Plasmodium falciparum Dd2 parasite growth was
measured in a 72 h growth assay, as described previously with minor modifications [30-32].
Artemisinin (Sigma-Aldrich, ~ 98%) was used as positive control substance.
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Antifungal bioassay

A pathogenic strain of Candida albicans (ATCC® 18804 ™) was used to evaluate the
antifungal effects of all the isolates, according to a published protocol [33]. The antibiotic,
amphotericin B (Sigma-Aldrich, ~ 80%), was used as a positive control substance in this
bioassay, which showed 100% growth inhibition of C. albicans cells at a concentration of
0.2 mg/mL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Chemical structures of new compounds 1-9.
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Fig. 2.
Selected HMBC (—) and NOESY (<) correlations observed for compound 1.
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Table 1
1H NMR Chemical Shifts of Compounds 1-52
Position 1 2 3 4 5
1a 0.91, m 121D 134D 0.93,m 0.85,m
1 1610 1480 1440 1690 1650
2a 161b 1.92b 1.90b 167P 163b
P 168D 1.69b 1.67b 167b 1.63b
3 4.84,dd (11.0,5.0)  4.94, s 485,s 3.45,1(8.0) 335b
5 1270 1370 1290 1030 0910
6a 1.459 1.460 1.410 1.49b 1.390
6p 1.310 1.300 1.290 1.43b 1.390
7a 1.31P 1390 1340 1.43b 1.310
b 1.490 1480 1440 1.43b 1.310
9 1.359 1460 1380 1320 1250
1la 1.380 1.460 1.440 1.42b 1.390
11b 1.190 1.220 1.200 1.21b 1.200
12a 1.04b 1.11b 1.109 1.050 1.040
128 1.590 1.660 1.659 1.650 1.630
13 1590 1640 1630 1.650 1.620
152 1.690 1.71b 1.710 1.70b 1.680
15b 0.91P 1.08P 1.05P 1.08P 1.04P
16a 1930 1.930 1.940 1.94b 1.940
16b 1.10b 1.24P 1.22P 1220 1.21P
18 1500 1600 1600 1570 1570
19 2.39,m 2.40,m 2.39,m 2.38,1d (10.0,5.8)  2.38, td (10.3, 5.7)
2la 1.280 1.41b 1.410 1.41b 1.410
21p 1.87P 1.96P 1.94P 1.94P 1.94P
22a 0.88b 1.060 1.059 1.050 1.050
22p 1.870 1.88P 1.86P 1.86P 1.86P
23a 2.96, d, (10.5) 3.34b 3.35b 3.88, d, (11.6) 3.83,d, (12.2)
23b 3.16, d, (10.5) 340,d,(112) 335b 4.38,d, (11.6) 4.28,d, (11.4)
24 0.72,s 095, 092, 0.81,s 0.76,5
25 0.85,s 0925 0.89, s 0.87,s 0.84,s
26 1.10,s 105D 102b 1.03,s 1.00,s
27 0.96, s 1.05b 103b 0.98, s 0935
28a 3.09, d, (10.1) 3.34b 3.35b 3.34,d, (10.9) 334b
28b 3.53,d, (10.1) 3.82,d,(10.3) 3.82,d,(10.3) 3.80,d, (10.9) 3.80, d, (11.2)
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Position 1 2 3 4 5
29a 4.68, brs 4.70, brs 4.70, brs 4.68, brs 4.67, brs
29b 455, brs 4.59, brs 4.59, brs 4.57, brs 4.58, brs
30 1.65,s 1.69,s 1.70, s 1.67,s 1.68, s
Coumaric acid
1
2 6.32, d, (16.0) 6.33,d, (15.9) 5.88,d,(126) 6.27,d, (15.9) 5.84, d, (12.6)
3 7.49, d, (16.0) 7.66,d, (15.8) 6.89,d, (12.8) 7.63,d, (15.9) 6.89, d, (12.7)
5,9 7.52 (8.5) 7.44 (8.5) 7.64 (8.5) 7.41 (8.6) 7.61(8.4)
6,8 6.79, d, (8.5) 6.84,d,(8.5) 6.79,d,(8.6)  6.83,d,(8.6) 6.80, d, (8.6)

aMeasured at 400 MHz; NMR data of compound 1 was obtained in DMSO-dg; NMR data of compounds 2-5 were obtained in CDCI3 with TMS

as internal standard; J values (Hz) are given in parentheses. Assignments are based on Ih1y COSY, HSQC, and HMBC spectroscopic data.

b L . .
Multiplicity patterns unclear due to signal overlapping.
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Table 3

Bioactivity evaluation of compounds isolated from B. cochinchinensis.®P

Compound  HT.29¢ NF-«B (p65)d  P. falciparum®

1 >20 >20 0.65 + 0.06
2 13.2 >20 1.28+0.13
3 3.3 >20 1.02 £0.09
4 >20 >20 0.26 £0.01
5 18.4 >20 0.63 £0.02
6 >20 >20 >10

7 1.9 >20 2.07+0.13
8 >20 >20 >10

9 >20 4.0 1.33+£0.37
Paclitaxelf 0.001 - -
Rocaglamide9 - 0.08 -
Artemisinin - - 0.0007

aNo obvious growth inhibition of C. albicans cells were observed for the test compounds at a concentration of 40 mg/mL.

bRes.ults are expressed as EDg( or IC5( values (UM).

CCompounds with ED5( values of > 20 uM in HT-29 cells are considered inactive.

dCompounds with ICg( values of > 20 UM on an enzyme-based ELISA NF-«xB (p65) assay are considered inactive.
eCompounds with ICg5Q values of > 10 uM in P. falciparum assay are considered inactive.

f . .
Used as a positive control substance for the cytotoxicity assay.
gUsed as a positive control substance for the cytotoxicity assay.

h . .
Used as a positive control substance for the P. falciparum assay.
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