
Rhizophora mucronata (Rhizophoraceae), is a mangrove
tree. The bark of this plant has been used by the local Thai
people in a folk medicine for treatment of nausea, vomiting,
diarrhea and stop bleeding in fresh wounds.1) This plant has
been investigated by many groups and diterpenoids,2) triter-
penoids,3) and steroids4) were elucidated. As part of our
chemical investigation on Thai medicinal mangrove 
plants,5—7) we reported herein the isolation and structure elu-
cidation of two new pentacyclic triterpenoid esters and a new
sesquiterpene along with three known compounds, 3b-E-p-
coumaroyltaraxerol,8) 3b-Z-p-coumaroyltaraxerol8) and b-
taraxerol9) from hexane and methylene chloride extracts. The
structures of these compounds were elucidated through spec-
tral studies including 1D and 2D NMR analysis.

Compound 1 was obtained as a pale yellow oil. The ESI-
TOF MS gave a molecular ion peak at m/z 261.1823
[M�Na]� (Calcd 261.1830) consistent with the molecular
formula C15H26O2, which implied three degrees of unsatura-
tion. The UV spectrum showed maximum at 223 nm indicat-
ing the presence of enone chromophore. The IR spectrum ex-
hibited absorption bands at 3461 cm�1 (hydroxyl), 1679 cm�1

(conjugated carbonyl), 1616 and 916 cm�1 (double bond).
The 13C-NMR spectral data (Table 1) showed 15 carbons, at-
tributable to three methine carbons (d 145.2, 124.1, 29.6);
five methylene carbons (d 111.4, 51.7, 42.3, 37.3, 21.2); four
methyl carbons (d 27.5, 27.5, 20.6, 19.8) and three quater-

nary carbons (d 201.1, 154.7, 73.0), as determined by DEPT
experiment. Furthermore, four methyl signals in the 1H-
NMR spectral data of 1 (Table 1) at d 2.13 (d, J�1.2 Hz),
1.87 (d, J�1.2 Hz), 1.26 (s) and 0.87 (d, J�6.6 Hz) were in
agreement with a linear sesquiterpene, thus suggesting com-
pound 1 to have a farnesane framework.10)

The location of two double bonds and a carbonyl group
were established as follows. The olefinic proton signals at d
5.02 (1H, dd, J�1.5, 10.8 Hz), 5.20 (1H, dd, J�1.5, 17.4 Hz)
and 5.90 (1H, dd, J�10.8, 17.4 Hz) were assigned to a mono-
substituted double bond that must be located at C-1 (d 111.4)
and C-2 (d 145.2). Furthermore, H-2 (d 5.90) showed corre-
lation in the HMBC spectrum (Table 1) with the carbinol car-
bon at C-3 (d 73.0) and Me-15 (d 27.5). A signal at d 6.06
(1H, m) exhibited cross-peak in the COSY spectrum with the
vinylic methyl signal at d 2.13 (d, J�1.2 Hz, Me-13) and
1.87 (d, J�1.2 Hz, Me-12), which was additionally corre-
lated with a signal of carbonyl carbon at d 201.1 in the
HMBC spectrum. These correlations were consistent with
the location at C-10 (d 124.1) and C-11 (d 154.7) of the re-
maining trisubstituted double bond and the carbonyl group
was located at C-9 (d 201.1). Finally, the downfield methyl-
ene protons at C-8 (d 2.38, 1H, dd, J�6, 15 Hz and 2.18, 1H,
dd, J�7.8, 15 Hz) showed cross-peak in the COSY spectrum
with H-7 at d 2.00 (1H, m), and the methine H-7 was also
coupled with the Me-14 signal at d 0.87 (3H, d, J�6.6 Hz)
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Table 1. 1H-, 13C-, DEPT, COSY and HMBC Spectral Data of Compound 1 (300 MHz and 75 MHz in CDCl3)

No. 1H 13C DEPT COSY (1HÆ1H) HMBC (1HÆ13C)

1a 5.02, dd, 1.5, 10.8 Hz; 111.4 CH2 2, 1b 2, 3
1b 5.20, dd, 1.5, 17.4 Hz 2, 1a
2 5.90, dd, 10.8, 17.4 Hz 145.2 CH 1 3, 4, 15
3 — 73.0 C — —
4 1.30, m; 1.50, m 42.3 CH2 — 2, 3, 5, 6, 15
5 1.30, m 21.2 CH2 — 6, 7
6 1.15, m; 1.35, m 37.3 CH2 — —
7 2.00, m 29.6 CH 14 5, 6, 8, 9
8a 2.38, dd, 6, 15 Hz; 51.7 CH2 7, 8b 6, 7, 9, 10
8b 2.18, dd, 7.8, 15 Hz 7, 8a
9 — 201.1 C — —

10 6.06, m 124.1 CH 12, 13 9, 11, 12, 13
11 — 154.7 C — —
12 1.87, d, 1.2 Hz 27.5 CH3 10 9, 10, 11
13 2.13, d, 1.2 Hz 20.6 CH3 10 9, 10, 11
14 0.87, d, 6.6 Hz 19.8 CH3 7 6, 7, 8
15 1.26, s 27.5 CH3 — 2, 3, 4



and 2H-6 (d 1.15, 1H, m and d 1.35, 1H, m). Therefore, the
structure of 1 was elucidated as 3-hydroxy-3,7,11- trimethyl-
9-oxododeca-1,10-diene and was given the trivial name as
mucronatone.

Compound 2 was obtained as a white solid with a molecu-
lar formula of C39H56O4 based on the [M�H]� ion at m/z
587.4151 in the ESI-TOF MS experiment (Calcd 587.4101).
The presence of a triterpenoid skeleton was suggested by the
violet vanillin sulfuric acid test. The IR spectrum exhibited
absorption bands at 3409 cm�1 (hydroxy), 1705 cm�1 (car-
bonyl) and the UV spectrum showed maxima at 237, 294 and
327 nm suggesting the presence of considerable conjugation
in the molecule. The 1H-NMR signals of eight methyl sin-
glets at d 0.82 (Me-28), 0.89 (Me-27), 0.91 (Me-23), 0.91
(Me-30), 0.96 (Me-24), 0.96 (Me-29), 0.98 (Me-25) and 1.10
(Me-26), one oxymethine proton at d 4.57 (t, J�9 Hz, H-3)
and one olefinic proton at d 5.54 (dd, J�3, 8.1 Hz, H-15)
suggested a typical of pentacyclic triterpene which was iden-
tified as b-taraxerol by the combination of 1D (Table 2) and
2D NMR spectral data and comparison with data reported
previously for taraxerol.9,11) Moreover, clear separations of
the proton signals identified as an E-caffeoyl moiety were ob-
served at d 7.52 (1H, d, J�15.9 Hz, H-3�), 7.05 (1H, d, J�
1.8 Hz, H-5�), 6.94 (1H, dd, J�1.8, 8.1 Hz, H-9�), 6.82 (1H,

d, J�8.1 Hz, H-8�) and 6.23 (1H, d, J�15.9 Hz, H-2�).12,13)

This substituent group was attached to an oxygen atom of b-
taraxerol at C-3 (d 81.1) as a result of the downfield effect
observed on H-3 (d 4.57) and additionally confirmed by the
correlation between H-3 (d 4.57) and C-1� (d 167.9) in the
HMBC spectrum (Fig. 1). The NOE correlation between
CH3-23 (d 0.91) and H-3 (d 4.57) was observed in the
NOESY spectrum of 2. This result supported the relative
stereochemistry at C-3. Therefore, compound 2 was assigned
as 3b-E-caffeoyltaraxerol.

Compound 3 was obtained as a yellowish solid. The ESI-
TOF MS gave a molecular ion peak at m/z 587.4091
[M�H]� (Calcd 587.4101), consistent with the molecular
formula C39H56O4. The UV and IR spectrum closely resem-
bled to those of 2. The 1H- and 13C-NMR spectral data (Table
2) were very similar to those of 2 except for the appearance
of signals of Z-caffeoyl moiety (d 5.77, d, J�12.6 Hz, H-2�;
6.76, d, J�12.6 Hz, H-3�) instead of an E-caffeoyl moiety (d
6.23, d, J�15.9 Hz, H-2�; 7.52, d, J�15.9 Hz, H-3�). Thus,
compound 3 was assigned as 3b-Z-caffeoyl taraxerol.

Compounds 4—6 were characterized as 3b-E-p-coumaroyl-
taraxerol,8) 3b-Z-p-coumaroyltaraxerol8) and b-taraxerol,9) re-
spectively, based on comparison of 1H- and 13C-NMR spec-
tral data with the literature reports.

Experimental
General Experimental Procedures Melting points were determined on

the Electrothermal melting point apparatus. UV spectra were measured with
a SPECORD S100 spectrophotometer (Analytikjena). The optical rotation
values were determined with a Polarimeter ADP 220 (Bellingham�Stanley
Ltd.). The IR spectra were measured with a Perkin-Elmer FTS FT-IR spec-
trophotometer. The 1H-NMR were recorded using 500 MHz Varian UNITY
INOVA and Bruker Avance 300 MHz spectrometer in CDCl3 and CD3OD.
The ESI-TOF mass spectra were obtained from a Micromass LCT mass
spectrometer. Quick column chromatography (QCC) and column chro-
matography (CC) were carried out on silica gel 60 F254 (Merck) and silica
gel 100, respectively. Precoated plates of silica gel 60 GF254 were used for
analytical purposes.

Plant Material The fruits of Rhizophora mucronata were collected in
August, 2003 at Sigao district, Trang Province, Thailand. The plant was
identified by Dr. Kitichate Sridith and a voucher specimen has been de-
posited at Department of Biology, Faculty of Science, Prince of Songkla
University, Songkhla, Thailand (Collection No. P. Seni 1 (PSU)).

Extraction and Isolation Air-dried fruits of Rhizophora mucronata
(17 kg) were extracted with hexane and methylene chloride successively. The
hexane extract (32 g) was subjected to QCC over silica gel and eluted with a
gradient of hexane–acetone to afford 11 fractions (D1—D11). Fraction D2
(444.3 mg) was crystallized from acetone–hexane to give compound 6 (50
mg). Fraction D3 (7.88 g) was subjected to CC using 70% CH2Cl2–hexane
as eluent to give compound 1 (132.2 mg), 4 (80.6 mg) and 5 (202.2 mg).
Fraction D4 (1.20 g) upon washing with hexane gave a white solid (700 mg)
which was further subjected to CC using 5% diethyl ether–CH2Cl2 as eluent
to give compound 4 (69.4 mg) and 5 (100.2 mg). Fraction D7 (2.10 g) was
further subjected to CC using 10% diethyl ether–CH2Cl2 as eluent to give
compound 2 (80.5 mg), 4 (49.4 mg) and 5 (30.2 mg).

The methylene chloride extract (23 g) was subjected to QCC over silica
gel and eluted with a gradient of CHCl3–methanol to afford 8 fractions
(E1—E8). Fraction E2—E4 (5.02 g) was crystallized from CHCl3 to give a
mixture of compounds 4 and 5 (4.34 g). Fraction E5 (1.10 g) was further
subjected to CC using 5% methanol–CHCl3 as eluent to give compound 2
(56.7 mg), 3 (25.1 mg), 4 (46.4 mg) and 5 (35.4 mg). Fraction E6—E7
(4.50 g) was crystallized from CHCl3 and methanol to give compound 2
(2.3 g).

Mucronatone (1): Colorless viscous oil, [a]D
27 �16.66° (c�0.04, CHCl3).

UV lmax (MeOH) nm (log e): 223 (4.16). IR (Neat) cm�1: 3461, 1679, 1616,
916. 1H-NMR (CDCl3, 300 MHz) and 13C-NMR (CDCl3, 75 MHz), see Table
1. ESI-TOF MS m/z: 261.1823 (Calcd for [C15H26O2�Na]�: 261.1830).

3b-E-Caffeoyltaraxerol (2): White solid, mp 246—248 °C. [a]D
27 �28.84°

(c�0.052, CHCl3). UV lmax (MeOH) nm (log e): 237 (3.33), 294 (3.29), 327
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Fig. 1. Selective HMBC Correlation of 2



(3.33). IR (KBr) cm�1: 3409, 1705. 1H-NMR (CDCl3�CD3OD, 300 MHz)
and 13C-NMR (CDCl3�CD3OD, 75 MHz), see Table 2. ESI-TOF MS (nega-
tive mode) m/z: 587.4151 (Calcd for C39H55O4 [M�H]�: 587.4101).

3b-Z-Caffeoyltaraxerol (3): White solid, mp 246 °C (dec.). [a]D
27 �100°

(c�0.04, CHCl3). UV lmax (MeOH) nm (log e): 223 (2.91), 296 (2.65), 316
(2.64). IR (KBr) cm�1: 3416, 1701. 1H-NMR (CDCl3�CD3OD, 300 MHz)
and 13C-NMR (CDCl3�CD3OD, 75 MHz), see Table 2. ESI-TOF MS (nega-
tive mode) m/z: 587.4091 (Calcd for C39H55O4 [M�H]�: 587.4101).

Transesterification of 2 A solution of 2 (10 mg in CHCl3 : MeOH (3 ml,
1 : 1) and 0.5 ml conc. HCl) was refluxed for 24 h. Then the reaction mixture
was extracted with CHCl3 and washed with NaHCO3. The product was puri-
fied by preparative TLC to afford b-taraxerol9) (1.8 mg), methyl caffeoate
(1.9 mg) and a starting material (3 mg).
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Table 2. 1H-, 13C-NMR and DEPT Spectral Data of Compounds 2 and 3 (300 MHz and 75 MHz in CDCl3�CD3OD)

2 3
No. DEPT

13C 1H 13C 1H

1 37.3 0.95, m; 1.28, m 37.5 0.96, m; 1.32, m CH2

2 23.5 1.65 , m 23.5 1.68, m CH2

3 81.1 4.57, t, 9 Hz 81.3 4.48, t, 8.4 Hz CH
4 37.5 — 37.6 — C
5 55.6 0.90, m 55.9 0.89, m CH
6 18.6 1.45, m 18.8 1.40, m; 1.55, m CH2

7 36.6 1.65, m 36.8 1.65, m CH2

8 38.9 — 38.8 — C
9 48.6 0.92, m 49.3 0.95, m CH

10 37.8 — 37.8 — C
11 17.4 1.45, m 17.6 1.45, m CH2

12 35.0 1.30, m 35.2 1.35, m CH2

13 37.8 — 37.8 — C
14 157.9 — 157.6 — C
15 116.8 5.54, dd, 3, 8.1 Hz 117.3 5.54, dd, 3, 8.1 Hz CH
16 37.6 1.65, m; 1.94, dd, 2.7, 14.7 Hz 37.8 1.65, m; 1.92, dd, 2.7, 14.7 Hz CH2

17 35.7 — 35.9 — C
18 49.1 1.45, m 48.9 1.46, m CH
19 41.1 1.35, m; 2.05, m 41.3 1.35, m; 2.04, m CH2

20 28.7 — 28.9 — C
21 33.6 1.30, m 33.2 1.34, m CH2

22 33.0 1.62, m 33.8 1.55, m CH2

23 27.9 0.91, s 28.1 0.84, s CH3

24 16.6 0.96, s 16.6 0.95, s CH3

25 15.4 0.98, s 15.5 0.86, s CH3

26 25.8 1.10, s 26.0 1.09, s CH3

27 29.8 0.89, s 30.0 0.91, s CH3

28 29.7 0.82, s 29.9 0.82, s CH3

29 33.2 0.96, s 33.4 0.95, s CH3

30 21.2 0.91, s 21.4 0.91, s CH3

1� 167.9 — 166.5 — C
2� 115.2 6.23, d, 15.9 Hz 117.1 5.77, d, 12.6 Hz CH
3� 145.0 7.52, d, 15.9 Hz 143.9 6.76, d, 12.6 Hz CH
4� 126.8 — 127.0 — C
5� 114.0 7.05, d, 1.8 Hz 116.9 7.41, d, 1.8 Hz CH
6� 144.8 — 144.5 — C
7� 147.3 — 147.3 — C
8� 115.2 6.82, d, 8.1 Hz 117.1 6.79, d, 8.1 Hz CH
9� 121.8 6.94, dd, 1.8, 8.1 Hz 124.3 7.05, dd, 1.8, 8.1 Hz CH


