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2-(9-Hydroxy-3a,5a,5b,8,8,1ta-hexamethylicosa-
hydro-1H-cyclopentalalchrysen-1-yl)propanoic acid

(38-hydroxylupan-29-oic acid)

The title compound, CiHg,Os, a lupane triterpene, was
isolated from the Jeaves of Ceriops decandra (Griff) Ding
Hou. There are two crystallographically independent mol-
ecules in the asymmetric unit. In both molecules, the
cyclopentane ring adopts an envelope conformation. In the
crystal structure, molecules are interconnected into a two-
dimensional network by intermolecular O—H- - -O hydregen
bonds.

Comment

Ceriops decandra (Griff.) Ding Hou (Rhizophoraceae) is a
mangrove plant widely distributed from East Africa and
Madagascar throughout tropical Asia and Queensland to
Melanesia and Micronesia (Tomlinson, 1986). C. decandra has
many local Thai names, ¢.g. Prong Khao and Prong Nu, and
also a synonym of Ceriops roxburghiana Arn (Smitinand &
Larsen, 1970). The bark of this plant has been used as a folk
medicine for the treatment of diarrhoea, vomiting, amoebiasis
and ulcers (Bamroongrugsa, 1999). An ethanol extract of the
leaves has shown antinociceptive activity (Uddin et al., 2005).
The title compound, 38-hydroxylupan-29-cic acid, (I), was
previously isolated from Gymnosporia wallichiana (Kulsh-
reshtha, 1977). As part of our research on bioactive
compounds from Thai medicinal plants (Chantrapromma et
al., 2003, 2004; Waratchareeyakul et al., 2004; Boonnak et al.,
2005), compound (I} was isolated for the first time from
Ceriops decandra (Griff.) Ding Hou, collected from Phang-
Nga province in the southern part of Thailand. We have
undertaken the X-ray crystal structure analysis of (I) in order

to establish its molecular structure and relative stereo- -

chemistry.

i

The asymmetric unit of {I) contains two crystallographically
independent molecules, A and B, which have similar chiral-
ities, bond lengths and angles (Fig. 1). The molecules are
approximately related by a local twofold rotation axis The
bond lengths in (1} show normal values (Allen er al., 1987). All
the ring junctions in the lupane nucleus are trans-fused. In
both molecules, the cyclohexane rings adopt chair conforma-
tions and the cyclopentane ring has an envelope conformation,
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with atom C17 displaced [rom the C18/C22/C23/C24 plane by
~0.692 (7) A in molecule A and 0.674 (7) A in molecule B.
The hydroxyl group is equatorially attached at atom C3. The
23 C22-- C25— C27 torsion angle of —55.1 (5)° [—45.7 (5)°
in B] describes the orientation of the propanovic acid group
with respect to the lupane nucleus. The C18—C22--C25-C26
torsion angle is —170.1 (4)° [—161.8 (3)° in B].

The molecular structure is stabilized by C-H..--O
hydrogen bonds (Table 2). OG-H-.: -0 intermolecular
hydrogen bonds link the molecules into a two-dimensional
network parallel to the ac plane (Fig. 2).

Experimental

Air-dried leaves of Ceriops decandra (Grifi.) Ding Hou (3.9 kg) were
ground and extracted with hexane (2 x 201} at room temperature.
The mixture was filtered and concentrated under reduced pressure to
give a crude hexane extract (66.4 g). The crude extract was separated
by quick column chromategraphy (QCC) on silica gel and eluted
initially with hexane, followed by ethyl acetate and finally with
methanol to give nine fractions (B1-BY). Fraction B7 (2.7 g) was
subjected to column chromatography with MeOH-CH;Cl; {0.2:9.8 v/
v) and further purified by recrystallization from CHQy-EtOAc-
MecOH (4:4:1) for a few days to obtain colourless single crystals of
compound (1) [m.p. 518-520 K, {o]3 —42.6° (¢ = 0.125, MeOH)).

Crystal data

CanHsuOs D, =1103Mgm™?

M, = 458.70 Mo Ko radiation
Menoclinic, P2, Celt parameters from 14 (W1
a = 81669 (3) A reflections )

b0 A
= 14.4666 (13) A
B = 104.057 (2)°,
V= 27632 (4) A’
Z=4

Data collection

Siemens SMART CCD arca-
detector diffractometer

w scans

Absorption correction: multi-scan
(SADABS, Sheldrick, 1996)
Trun = 0988, Tppun = 0.994

14 091 measured refleclions

Refinement

Refinement on F?

RIF? > 20(F7)) = 0053

wR{F") = 0.117

§=102

4986 reflections

596 parameters

H-atom parameters constrained

# = 1.5-25.0°
# = 007 mm”~
T=203()K
Plate, colourless

0.23 x 0,15 x 0.08 mm

4986 independent reflections
3296 reflections with [ > 2o(/}
Ripe = 0.050

Bmax = 25.0°P

h==% =9

k=-13-28

I=-14—>17

w = U[o?(F.)) + (0.0486P)
+0.1104 P|
where P = (F,2 + 2F.5)
(80 ) max < 0.00]
Apuas = 016 A7?
Apmin=—Dl14ec A?

Table 1 .

Selected geometric parameters (A, °).
ou-aa | 1a2(5)  018-C
024 - C274 1.234 (6)

03A - C21A 1.264 (5}

024 -C21A - QA 1229 (5)

O34 -C214 —C25A 118.1 (5)

018-C38 1.445 (5)
028-C278 1.236 {5)
038--C278 1.284 {5)
028-(278--038 1234 (5)
038-C2718-C258 1160 (4)

Figure 1
The asymmetric unit of (I}, showing 30% probability displacement
ellipsoids and the ztomic numbering. For clarity, H atoms have been
omilted.

Table 2 )

Hydrogen-bond geometry (A, ).

D-H---A D-H H- A DA p-n-.A
01A-HlA. . .0258 0.82 19 2705 (6} 161
018-H1D---024* 0.2 1.86 2662 (5) 165
O3A - H3A..-014™ 082 194 2724 (6} 151
038 -HAC.--O18™ n.R2 1n2 2525 (5) 163
CIRA —HIHA-. . .024" 0.9 252 3262 (6) 132
Cid8-—HI1EE. .-028" 0.5 2.46 3.206 {5} 133
C23A —H235- - -O3A" 0.97 2.49 322 (7) 132
C23B—-H23D.- .08 iRy 249 3.237 (6) 134
C30A —H30A- - -O1A4" 0.96 256 2957 (T) 105
G308 —H30D- - 018" 0.96 251 297 (7} 105

Symmetry codes: (i} —x+Ly+d~n (@) —xy-b-n i) xnpz+l Giv)
T+bLyz+hiviay e

H atoms were placed in calculated positions, with O—H distances
of 0.82 A and C—H distances in the range 0.93-0.98 A The U,
values were constrained to be 1.5U,4 of the carrier atom for bydroxyl
and methyl H atoms, and 1.2U,q for the remaining H atoms. In the
absence of significant anomalous dispersion effects, Friedel pairs
were merged before the final refinement and the absolute config-
uration was assigned arbitrarily.

Data collection: SMART (Siemens, 1996); cell refinement: SAINT
(Siemens, 1996); data reduction: SAINT; program{s) used to solve
structure: SHELXTL (Sheldrick, 1997); program(s) used to refine
structure: SHELXTL; moltecular graphics: SHELXTL,; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).
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Figure 2
A view of the packing of (I). Only hydroxyl H atoms are shown. O —
H. . -O hydrogen bonds are shown as dashed lines
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Lupane-Triterpene Esters from the Leaves of

Ceriops decandra (Griff.) Ding Hou
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Two novel triterpenc esters were isolated from the leaves of Ceriops decandra in addition to 16 known triter-
penes: lupenone 3, lupeol 4, betulinaldehyde 5, 3B-Z-coumaroyllupeol 6, 38-E-coumaroyllupeol 7, 3-epi-betulinic
acid 8, betulin 9, betulinic acid 10, 3B-E-feruloylbetulin 11, 30-nor-lup-3p-ol-20-one 12, 3f-E-caffeoyllupeol 13,
lup-20(29)-en-3B,30-diol 14, 3p-hydroxylupan-29-oic acid 15, 3f,20-dihydroxylupane 16, and a mixture of
oleanolic and ursolic acid 17 and 18. The new compounds were determined by spectroscopic methods to be
3p-E-feruloyllupeol 1 and 3B-Z-feruloyllupeol 2. Compounds 3 and 5-16 were reported for the first time as

metabolites of C. decandra.

Manuscript received: 1 Apnl 2005,
Final version: 3 July 2005,

The genus Ceriops (Rhizophoraceae) is comprised of two
specics: Ceriops decandra (Griff.) Ding Hou and Ceri-
ops tagal (Perr) C. B. Robinson. They are mangrove
plants widely distributed from East Africa and Madagas-
car, throughout tropical Asia and Queensland, to Melanesia
and Micronesia.l'l C. decandra has many local Thai names:
Prong Khao, Prong Nu, and also a synonym of Ceriops rox-
burghiana Arn.[) Its bark has been used as a folk medicine
for the treatment of diarrhea, vomiting, amoebiasis, and
ulcers.®) Various parts of C. decandra have been phyto-
chemically studied. Methanol extracts of the bark yielded
p-catechin, leucoanthocyanidins,!*} and procyanidin.l] Leaf
extracts yielded a-amyrin, f-amyrin, lupeol, oleanolic acid,
and ursolic acid.[®) Anjaneyulu et al. have isolated ceriopsin
A=D1} ceriopsin E,!®! and ceriopsin F and GI® from the
roots. In this present study, the hexane extract from leaves
has been investigated, which resulted in the isolation of two
new triterpene esters 1 and 2 along with 16 known triterpenes
{Fig. 1): lupenone 3,1'% lupeol 4,[!'"] betulinaldehyde 5,!'%
3p-Z-coumnaroyliupeol 6,{13) 3p-E-coumaroyliupeol 7,14
3-epi-betulinic acid 8,[' betulin 9,3 betulinic acid
10,21 3p-E-feruloylbetulin 11,18 30-nor-lup-3f-0i-20-
one 12,117} 3p-E-caffeoyliupeol 13,0'8) lup-20(29)-en-3p,
30-diol 14,19 3-hydroxylupan-29-oic acid 15,129 38,20-
dihydroxylupane 16,1>'] and a mixture of oleanolic and
ursolic acid 17, 18.12} The structures of the compounds were
~ elucidated by comparison of their physical and spectroscopic
data with reported values.

Compound 1 was obtained as a white solid. Its electrospray
ionization time-of-flight (ESI TOF) mass spectrum.showed
the [M — H]~ ion peak at m/z 601.4244, corresponding to the
molecular formula CaoHszQ4. The IR spectrum suggested

© CSIRO 2005

hydroxy (3534 cm™"), double bond (1635, 1604 cm™1), and
conjugated ester (1703 cm~*) functionalities. This compound
exhibited UV absorption maxima at 234, 298, and 325nm,
again suggesting the presence of conjugation in the molecule.
It gave a purple vanillin~sulfuric acid test indicating a triter-
pene. The '"H NMR spectra of 1 supported the presence of
a trans-feruloyl substituent as three 1,2,4-trisubstituted aro-
matic protons at 8y 6.91 (iH, d, J 8.1, H8), 7.03 (1H, d,
J 1.8, H5"), and 7.07 (1H, dd, J 8.1, 1.8, HY), two rrans-
oriented vinyl protons at 8y 6.29 and 7.59 (each d, J 15.9,
H2' and H¥, respectively), and aromatic methoxy protons at
8y 3.93 (3H, s) were observed.[?*] A signal of a hydroxy pro-
ton (which disappeared upon D20 exchange) was observed
at 8y 5.85 (1H, s). A cross peak between H5' and the aro-
matic OMe observed by NOESY located the latter at position
C¢’ 116231 A lupane triterpenoid skeleton was evident from
the following ' H NMR signals: six methyl groups at §y 0.79,
0.8%, 0.89, 0.92, 0.95, and 1.04 (3H, s, each), an isopropenyl
group [8y 1.69 (3H, s), 4.60 (1H, m}, 4.69 (1H, d, J2.1)),?%
and a typical lupane Hp-19 proton at &y 2.37 (1H, m).[4]
An oxymethine proton in proximity to an ester moiety was
observed at 8y 4.62 (dd, J 9.0, 5.4, H3). The doublet-of-
doublets splitting pattern, together with the large coupling
constant of H3 with Jy_ux 9.0 and Jor_py 5.4 indicated an
axial {o-) orientation of H3. The ester carbony! was also con-
firmed by a *C NMR signal at 8¢ 167.1. The ester substituent
was placed at C3 as a result of a downfield shift observed
for H3 and C3 in the 'H and '*C NMR spectra, respectively,
compared with analogous data from lupeol,l''] and from the
correlations between H3 (8 4.62) and C23 (5¢ 28.0), C24
(8¢ 16.2), and CV’ (8¢ 167.1) observed in the HMBC spec-
trum. The '3C NMR signals for sp? methine carbons were

10.1071/CHO5087 0004-9425/05/080615
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t: R, = H, p-O-E-feruloyl R, = CHy
2 R, = H, B-O-ZHensloyt Ry = CH,
3R =0 Ry = CH,
4: R, = H, B-OH Ry = CHy
5 R, = H, B-OH R,-cHo-

6: R, = H, B-O-Z-coumaroyl R, = CH,

//?...
%

HO\J[ -
[/

_7:Ry = H, p-O-E-coumaroyl R, = CH,
8 R, = H, a-OH R, = COOH
9:R, = H, p-OH Rz = CH,OH
10: Ry = H, 8-OH R, = COOH
11: Ay = H, p-O-E-feruloyt R; = CH;OH
13: Ry = H, p-O-E-catteoyl Ry = CH,

COOH
‘%.,,, A

Fig. ). Structures of compounds 1-18.

shown at 8¢ 116.3 (C2'), 1443 (C3'), 109.3 (C5), 114.7
(C#'), and 123.1 (CY'), and one olefinic methylene carbon
at ¢ 109.4 (C29). In addition, seven methyls, one methoxy,
11 methylenes, 11 methines, and 10 quaternary carbon sig-
nals were characterized by a DEPT experiment. Therefore,
compeund 1 was assigned as 38-E-feruloyliupeol.
Compound 2 was obtained as a white solid. lts ESI
TOF mass spectrum showed the [M — H}~ ion peak at m/z
601.4260, which corresponds to the molecular formula
CaoHsgQ4. The 'Hand *C NMR spectroscopic data (Tables |
and 2) were closely related to those of 1, except for the
olefinic proton signals at 8y 5.81 (1H, d, J 12.9) and 6.77
(1H, d, J 12.9) assignable, respectively, to H2’ and H3" on

the feruloyl group. Judging from the small . value (12.9), the
double bond should have a Z geometry. These spectroscopic
data implied a tupeol bearing a Z-feruloyl group. On the basis
of HMBC, the Z-feruloyl moiety was located at C3 by corre-
lation of the H3 signal {8y 4.54) with C1’ {é¢ 166.4), C23 (3¢
28.0), and C24 (8¢ 16.2). The coupling constant and splitting
pattern of H3 (dd, / 11.1, 5.4} indicated an a-orientation of
H3. Hence, compound 2 was assigned as 3p-Z-feruloyllupeol.

[t is worth noting that the leaf extract of C. decandra con-
tains mainly lupane triterpenoids, a lupeol, and its derivatives.
The latter arise from oxidation of Me-28 of a 38-lupeol (9, 5,
10) or Me-30 (14) or either esterification of the 38-OH group
of a lupeol itself (1, 2, 6, 7, 13) or its oxidized metabolite
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Table 1. 'H NMR data for compounds 1 and 2 (300 Mz, CDCI;)

Position 1+ p 1)
Sn, mult., J[Hz] &y, mult., J [Hz]
3 4.62,dd4,9.0,54 4.54,dd,11.1,54
19 237, m 238, m
23 .88, s 0.36,s
24 0.89,s 0.81,s
25 092, 5 0.86,s
26 1.04, s 1.03,s
27 0955 0.94,s
28 0.7%, s 0.79, s
29 4.69,d, 2.1 4.69,4d, 2.1
4.60,m 457, m
30 1.69, s 1.69, s
2 6.29,d 159 5.81,d,12.9
¥ 7.59,d, 15.9 6.77,4,12.9
5 7.03,4d, 1.8 7.78,4 1.8
g 6.91,d, 8.1 6.87,d,84
9 7.07,dd, 8.1, 1.8 7.10,dd, 8.4, 1.8
OMe 3.93,s 391,
OH 5.35,s 5.83,s

A Determined by HMQC NMR spectroscopy.

Table 2. '*C NMR data for compounds 1 and 2 (75 MHz, CDCl)

Position 1, 3¢ 2, 4c Position 1,8 2, 8¢
i 385 185 2! 29.9 299
2 239 23.3 22 40.0 40.0
3 80.9 80.7 23 280 280
4 38.1 371 24 16.2 16.2
5 55.5 55.5 25 16.7 16.5
6 18.3 18.3 26 16.0 16.0
7 343 343 27 14.6 14,5
8 40.9 40.9 28 18.0 18.0
9 50.4 50.4 29 109.4 109.4
10 37.2 379 30 19.3 19.4
1 21.0 21.0 1’ 1671 166.4
12 25.2 251 Y 116.3 117.4
13 38.1 33.1 ¥ 144.3 143.5
14 429 43.0 4’ 127.2 127.3
15 21.5 27.5 5 109.3 112.9
16 356 356 [ 146.8 146.0
17 43.0 42.8 i 147.8 147.0
18 483 483 L4 114.7 113.9
19 48.0 48.0 9 123.1 125.6
20 151.0 150.9 OMe 56.0 56.0

11. Addition of H20O to a double bond at C20-C29 of a 3p-
lupeot gives 16. Oxidation of a primary alcohol at C30 of I4
and hydrogenation of a double bond at C20-C29 yields 15,
whereas oxidative cleavage of this same double bond affords
12. A lupenone 3 can be derived from oxidation of a 3p-OH
group of a tupeol, which may subsequently be reduced to
a Ju-OH group and somehow undergo further oxidation at
Me-28 to give 8.

Experimental

General Procedires

Melting points were determined on an Electrothermal melting point
apparatus. UV spectra were measured with a SPECORD § 100 (Ana-
lytikjena). The IR spectra were measured witha FTS FT-IR Perkin Elmer

617

Fig. 2. Selected HMBC correlations of 1.

spectrophotometer. NMR srecln were obtained with a Bruker FI-NMR
Ultra Shicid spectrometer [ H (300 MHz) and '*C (75 MHz)). Chemical
shifts were recorded in 8 (ppm) in CDCly. ESI TOF mass spectra were
performed using a Micromass LCT mass spectrometer. The [a]p values
were determined with an AUTOPOL® 11 automatic polarimeter. Column
chromatography (CC) and quick column chromatography (QCC) were
carried out on silica gel 100 and 60H, respectively. Precoated plates of
silica gel 60 Fasq (Merck) were used for analytical purposes.

Plant Material

Leaves of Ceriops decandra (Grifl)) Ding Hou were collected from
Phang-nga province, Thailand, in March 2003. The plant was identi-
fied by Dr Kitichate Sridith and a voucher specimen (collection No.
K. Chantrapromma 1/46 (PSU)) was deposited in the herbarium of
the Department of Biology, Faculty of Science, Prince of Songkla
University, Songkhla, Thailand.

Extraction and Isolation

Air-dricd ground leaves of C. decandra (3.9 kg) were extracted twice
with hexane (2 x 20 L, for 5 days each) at room temperature. The mixture
was filtered and concentrated under reduced pressure to give a white
green solid (23.1 g) and the crude hexane extract (66.4 g). The solid was
further purified by QCC with hexane and the polarity increased with.
CH;Cl; and MeOH to give 4 (5.1 g) and cight fractions (A1-AB).
Fraction A (150.9 mg) was purified by CC using EtOAc/hexane
(0.5:9.5) to give 5 (3.5mg). Fraction A6 was washed with
dichloromethane to give a pale yellow solid (705.0 mg) which was puri-
fied by CC with CH2Cly/hexane (7:3) to.give 9 (263.7 mg) and 10
(46.9mg). Fraction A8 was separated by CC (CH;Cly/hexane, 8:2)
10 afford a mixture of 17 and 18 (12,2 mg), The crude hexane extract
(66.4 g) was subjected to QCC with hexanc and the polarity increased
with CH;Cly and MecOH to give 4 (21.4 g) and eight fractions (B1-
B8). Fraction B2 (12.4 g) was subjected to QCC using gradient elution
of hexane/EtQAc and further purified by CC (EtOAc/hexane, 0.2:9.8)
to afford 3 (67.3 mg). Fraction B4 (7.1 g) was subjected to QCC
{EtOAc/hexane, 1.5:8.5) 1o afford 8 (38.7 mg) and two subfractions:
Bda, (4.2 g), B4b (961.9mg). Subfraction B4a was further purified by
CC using EtOAc/hexane (1 : 9) to give 6 (2.6 mg) and 7 (381.9 mg). Sub-
fraction B4b was separated by CC (EtOAc/hexane, 0.5:9.5) and fusther
purified by preparative layer chromatography (PLC) with EtOA¢/hexane
(7:3) o afferd 1 (5.5mg) and 2 (6.0mg). Fraction B6 (5.1 g) was
subjected to QCC (gradient of 100% hexane to 100% EtOAc) to give
two subfractions, Subfraction B6a (1.1 g) was purified by CC (acetone/
hexane, 2: 8) and further purified by QCC with acetone/hexane (1:9)
1o afford 12 (62.4 mg). Subfraction B6b (578.6 mg) was subjected to
QCC using acctone/hexane (1 : 9) and further purified by CC and PLC
(acetone/CH2Cly, 0.5:9.5) to afford 13 (23.3 mg). Fraction B7 (2.7g)
was purified by CC with MeOH/CH;Clz {0.2:9.8) and further sepa-
rated by CC (acetone/hexane, 2 : 8) to give 11 (16.4 mg) and subfraction
B7a (2.0 ), which was further purified by CC with acetone/CH;C);y
(0.3:9.7) to afford 14 (23.8 mg), 15 (5.9 mg), and 16 (13.1 mg).
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3f-E-Feruloyllupeol 1. white solid, mp 167-169°C. vypex (KBr)¥emi™!
3534 (Q1), 1703 (C=0), 1635, 1604 (C=C). Appa/nm (MeOH) (log £):
134 (4.02), 298 (4.06), 325 (4.20). m/z (ESITOF) 601.4244 (M - H]™,
Caled. for Caghls704: 601.4256. {e]p?’ +140° (¢ 0.025, CHCl3).
"H NMR (300 MHz in CDCly) and *C NMR (75 M1z in CDCly) see
Tables | and 2, respectively.

38-Z-FeruloyHupeol 2: white solid, mp 195-197°C. vy, (KBr)/em™!
3538 (OH), 1708 (C=0), 1610, 1595 (C=C). Apa/nm (McOH) (log e):
235(3.57), 296 (3.58), 325 (3.71}. m/z (ESI TOF) 601.4260 [M - H] ",
Calcd. for CaoHs704: 601.4256. [v]p?T +41.66° (¢ 0.060, CHCl).
'H NMR (300 MHz in CDCl3) and **C NMR (75 MHz in CDCly) see
Tables 1 and 2, respectively.
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C0001-Chemical Constituents from the Leaves of Ceriops decandra

pakakrong Thongdecying', Chanita Ponglimanont', Chaichanok Karalai' and Kan Chantrapromma’
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* Institute of Science, Walailak University, Thasata, Nakhon Si Thammarat 80160, Thailand.
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sbstract: Air-dried ground leaves of Ceriops decandra (Griff.) Ding Hou (Rhizophoraceae) were extracted with hexane,
methylene chlioride and acctone, successively The crude hexane extract was separated by chromatographic techniques to
vield eight lupane-type triterpencs Lupeol (1), Betulinaldehyde (2), 3 2-{Z}-Coumaroyl lupecl (3), 3B-(E)-Coumaroy) lupeoi
t4), 3-epi-Bewlinic acid (5), Betwlin (6), Betulinic acid (7), and 3B-(E)-Feruloyl betulin (8). Their structures were dctcrmmed
by spectroscopic methods (IR, UV, NMR).



