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Polyhydroxylated Phragmalins from the Fruit of a Chinese Mangrove,Xylocarpus granatum
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Three new polyhydroxylated phragmalins, named xyloccensins, Yard % (1—3), were isolated from the fruit of a
Chinese mangroveylocarpus granatumtogether with eight known compounds. The structures of these compounds
were established on the basis of spectroscopic data and chemical methods.

order Rutales, are triterpene derivatives from a precursor with a HMEC
4,4,8-trimethyl-17-furanylsteroid skeleton. They are classified by
the type of rings in the intact triterpene nucleus, and these are
usually oxidized and designated as A, B, C, and D. Phragmalins,
such as pseudrelones; Aand Al isolated fromPseudocedrela
kotschyiiand khayanolides AC? from Khaya senegalensitave
characteristic tricyclo [3.320114 decane or tricyclo [4.21930119
decane ring systems.

The mangroveXylocarpus granaturis distinguished for produc-
ing antifeedant limonoids, especially phragmalins and mexicano-
lides. Previous investigations on the seeds of two meliaceae plants,
the mangrovesX. granatumand X. moluccensisuncovered an
obacunol, two phragmalins, three andirobins, and 14 mexicanolides,
including xyloccensins AK.3-7 Recently, we have reported the ~Figure 1. Selected HMBC correlations for compound
isolation and identification of eight unique 8,9,30-phragmatitno Hz), ¢ 79.3 CH, 42.0 qC, 43.7 CH, 28.8 GH173.1 qC], was
esters and eight new mexicanolides from the bark and fruit of a ¢onfirmed by!H—1H COSY correlations from H-14 to #15 and
Chinese mangroveX. granatunf * Five new phragmalin¥, HMBC correlations between H-14/C-13, H-14/C-15, H-14/C-16,
among which four of the structures were the same as we reported, p_14/c-17, H-15/C-16, H-17/C-13, H-17/C-14, and H-17/C-16
were obtained from the bark of the same plant. In the current paper, (Figure 1). The above NMR data and the 2D NMR studies including
we present the isolation and characterization of three new polyhy- 14_14 cOSY, HSQC, and HMBC experiments strongly suggested

Limonoids, which have been found to date only in plants of the go

droxylated phragmalins, named xyloccensins ¥,ahd 2 (1-3), that1 was a phragmalin. Moreover, the chemical shifts of Gd. (
from the fruit ofX. granatumAdditionally we isolated eight known g5 g qC) and C-8, C-9, and C-18478.2 qC, 80.0 qC, 71.3 CH)
compounds, spicatitf,aurantiamidé’ daucosterot® (+)-catechint® of ring C were almost the same as those 84.7 qC, 78.4 qC,

a-tocopherol, abscisic acid, 4-hydroxybenzoic acid, and ethyl 3,4- 77 g gC, 71.3 CH) of tabulalide 2E isolated from Chukrasia
dihydroxybenzoaté? The structures of these compounds were tapylaris and suggested that four hydroxyls were substituted at
established on the basis of spectroscopic data and chemical methodse_ll C-8, C-9, and C-12 like those in tabulalide E. An oxygenated

Xyloccensin Y (1), a white amorphous powder, had a molecular ethine 611 5.22, d, 11.4 Hzdc 78.3), showing HMBC correlations
formula of G3H;20;5, established by HRFABMSn{/z 701.2419, to C-1, C-2, C-4, and C-30 (Figure 1), was assigned to CH-3.
caled for [M + NaJ* 701.2416). Consequently,had 13 degrees  apgther oxygenated methined{ 5.52, d, 2.5 Hz;dc 71.7),
of unsaturation. From th#H and3C NMR data (Table 1), it was exhibiting HMBC correlations to C-1, C-2, C-3, and C-8 (Figure
clear that seven of the 13 elements of unsaturation came from two 1), was attributed to CH-30. An aliphatic methirdg @.20;d¢ 53.1),
carbon-carbon double bonds and five esters. Therefore, the having!H—1H COSY correlations to H-3 and H-30, respectively,
molecule was hexacyclic. DEPT experiments revealed tHsd was assigned to CH-2. The other oxygenated prodarb(48 br s)
seven tertiary methyls (a methoxy, three acetyls, and three methylscoup|ed with H-5 § 3.32 br s) and showed an HMBC correlation
of the phragmalin nucleus), three methylenes, 11 methines (threeiq the carbon of the methoxycarbonyl group (Figure 1), and was
olefinic), and 12 quaternary carbons (including five carbonyls). The 5 unambiguously attributed to H-6. Furthermore, a pair of
presence of a methoxycarbonyly(3.81 s,0c 53.5 CH;, 172.6 qC), geminal protonsdy 1.45, d, 10.5 Hz; 2.26, d, 10.5 Hz), having
three acetyl groupsdf; 2.12 s,0¢c 21.6 CH, 171.2 qC; 2.02 sjc HMBC correlations to C-1 and C-4 (Figure 1), was assigned as
21.7 CH, 172.2 qC;0n 2.19 5,0c 21.0 CH, 171.4 qC), and a 1,29 The presence of strong HMBC correlations between H-3
p-furyl ring [0y 6.48 (brs), 7.59 (2H, br shc 110.8 CH, 123.1 (5522, d, 11.4 Hz) and the acetyl carbordat71.2, H-6 (5.48, br
gC, 142.0 CH, 145.0 CH] (Table 1) were recognized. All protons s), the acetyl carbon at 172.2, H-30 (5.52, d, 2.5 Hz), and the
directly bonded to carbon atoms were assigned by analysis of HSQCacetyI carbon ab 171.4 (Figure 1) disclosed the location of the
data. Ad-lactone ring D, characterized by the following NMR data  {ree acetyl groups at C-3, C-6, and C-30, respectively.
[0+ 5.85(s), 2.69 (d, 8.5 Hz), 2.78 (dd, 19.4, 8.5 Hz), 3.43 (d, 19.4  The relative stereochemistry dfwas established on the basis
of NOESY data. The configuration of H-14 was assigned tabe

* To whom correspondence should be addressed. Tel: (86-20) 8902- from its NOE correlation with 18-Me (Figure 2). The significant
319%hfr?ax'Tﬁgfgo?ggfﬁ%i}g{yma"' wwujun2003@yahoo.com. NOE interaction observed ih (Figure 2) from H-3 to b,_&-29,
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Sciences. corresponding 2-OAc. Similarly, NOE interactions between H-30/
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Table 1. *H (500 MHz) and'3C NMR (125 MHz) Data for Compounds—3 in Methanoléd,

1 2 3
no. On (Jin Hz) dc On (Jin Hz) oc On (Jin Hz) Oc
1 82.6 qC 82.1qC 82.4qC
2 2.20 53.1CH 2.18 53.7 CH 2.16dd; 11.5; 2.0 53.9CH
3 5.22d;11.4 78.3 CH 5.16d; 11.5 78.7 CH 5.17d;11.5 78.9 CH
4 46.8 qC 47.0qC 47.0qC
5 3.32brs 46.4 CH 2.97brs 46.0 CH 3.11brs 46.2 CH
6 5.48 brs 73.6 CH 4.34brs 72.1CH 4.42 brs 72.3CH
7 172.6 qC 177.6 qC 177.8qC
8 78.2qC 75.5qC 76.0qC
9 80.0qC 2.18 50.6 CH 1.80dd; 13.5; 4.0 58.0 CH
10 55.2qC 47.1qC 47.8qC
1la 2.40dd; 15.0; 3.0 36.3 CH 2.14 30.0CH 1.93 brd; 14.0 25.4 CH
118 2.22 1.91brd; 13.5 1.71dd; 13.5; 3.0
1200 3.78brs 71.3CH 5.01brs 72.9 CH 1.89 brd; 14.0 36.5CH
128 1.46 dd; 9.0, 3.0
13 42.0qC 37.1qC 37.19C
14 2.69d;85 43.7 CH 2.39d;8.5 47.8 CH 2.04d; 8.6 52.6 CH
150 3.43d;19.4 28.8 CH 3.41d;19.0 29.3 CH 3.44d; 19.0 29.3 CH
153 2.78dd; 19.4; 8.5 2.74dd; 19.0; 8.5 2.81dd; 19.0; 8.6
16 173.19C 172.39C 173.3qC
17 5.85s 79.3 CH 5.82s 78.6 CH 5.86s 79.5CH
18 1.09s 20.1 CH 0.98s 19.4 CHl 0.98s 24.3 Cll
19 1.15s 15.9 CHl 1.37s 24.2 CHl 1.42s 24.6 CHl
20 123.1qC 122.5¢qC 123.2qC
21 7.59 brs 142.0 CH 7.63brs 142.0CH 7.57 brs 141.7 CH
22 6.48 br s 110.8 CH 6.49 brs 110.5CH 6.48 brs 110.7 CH
23 7.59 brs 145.0 CH 7.60brs 145.2 CH 7.57 brs 144.7 CH
28 0.98s 16.5 CHl 0.94s 16.5 CHl 0.95s 16.6 CHl
29 2.26d; 10.5 45.7 CH 2.41d;10.0 45.4 CH 2.44d; 10.0 45,5 CH
1.45d,10.5 1.34d,10.0 1.33d, 10.0

30 5.52d;25 71.7CH 5.46d; 2.0 71.7CH 5.47d; 2.0 72.3CH
7-OMe 3.8ls 53.5 Ckl 3.77s 53.0CH 3.79s 52.9 CHl
3-Acetyl 212s 21.6 CH 2.11s 21.6 CHl 2.13s 21.5CH

171.2qC 171.3qC 171.59C
6-Acetyl 2.02s 21.7 CH

172.2qC
12-Acetyl 2.09s 20.9 CH

171.6qC

30-Acetyl 2.19s 21.0 CHl 2.01s 21.7 CH3 2.02s 21.6 GH

171.4qC 172.3qC 172.4qC

aQverlapped signals assigned #y—H COSY, HSQC, and HMBC spectra without designating multiplicity.

57" NOE H Chart 1. Structures of Compounds-3

1: R,=Ac R,=R;=OH </j
2: R|=R2=H R3=OAC R3 _/
3: R;=R,=R;=H TTd
H;CO0C
D, 0
R,07
OCCH ©
o)

(m/z 685.2462, calcd for [M- Na]* 685.2466). The NMR data of
2 were almost the same as thoselpexcept for the absence of a

Figure 2. Diagnostic NOE correlations for compourdd hydroxyl group. A methine dy 2.16; 6c 50.6), having*H—!H
COSY correlations to H11 and HMBC correlations to C-10, C-8,
H-5, H-30/H-17, H-30/H-14, H-30/H-155, H-12/H-113, H-12/H- and C-11, was assigned to CH-9. Its configuration was determined

17, H-5/H-1B, and H-17/H-1B (Figure 2) indicated thecis as o from an NOE correlation with H-14 (Sl). Moreover, the
junctures between rings B/C and C/D and thxeonfiguration of location of the acetyl groupdf 2.09 s,0c 20.9 CH;, 171.6 qC)
the 12-hydroxyl as in tabulalide #.The configuration of H-6 was was assigned to be not at C-6 but at C-12, by the upfield shift of
also determined to be from its NOE correlation with 29-fl,—s H-6 (0 4.34in2 and 5.48 inl) and HMBC correlations from H-12
(Figure 2). This result was in agreement with two broad singlet (6 5.01 br s) to the carbonyl carbon of this acetyl group. Its
peaks for H-5 and H-6 in théH NMR spectrum ofl, and these a-configuration was established by an NOE correlation from H-12
were the same as those in phragmalin xyloccensih@n the basis to H-17 and H-1% (Sl). Therefore, compoun2was identified as
of the above results, the structurelpfnamed xyloccensin Y, was  6-deacetyl-9-deoxy-12-acetylxyloccensin Y and given the trivial
elucidated as shown in Chart 1. name xyloccensin £

Xyloccensin Z (2) was isolated as a white amorphous powder. Xyloccensin 2 (3), a white amorphous powder, had the
Its molecular formula was established agH,0,4 by HRFABMS molecular formula GH400;,, established by HRFABMSn{/z



Notes

627.2410, calcd for [M+ NaJ* 627.2412). The NMR data &3
were highly similar to those 02, except for the absence of the
12-acetoxy grouptH—'H COSY correlations from K11 to H-

12 confirmed this result. The relative configuration ®fwas
established to be the same as thaRain the basis of the NOE
correlations (SI). Consequently, the structure3ofas identified

as 12-deacetoxyxyloccensin And given the name xyloccensin
Z,.

Phragmalins with an 8,9-dihydroxy group are scarce in the
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Xyloccensin z (2): white, amorphous powderg]?, +55 (€ 1.2,
methanol); UV (MeCNYmax212 nm; IR (KBr)vmax 3408, 2985, 1730,
1710, 1620, 1432, 1386, and 1140 ¢m'H and **C NMR data (see
Table 1); HRFABMSWz 685.2462 [calcd for @H:014Na [M + Na]*,
685.2466].

Xyloccensin Z (3): white, amorphous powderg]?%, +48 (¢ 1.8,
methanol); UV (MeCNWRmax212 nm; IR (KBr)vmax 3406, 2985, 1730,
1710, 1624, 1433, 1388, and 1138 &m'H and*3C NMR data (see
Table 1); HRFABMSmz 627.2410 [calcd for @H001.Na [M + Na]*,
627.2412).

meliaceae plants. From a biosynthetic perspective, it is the precursor

of the phragmalirortho estet® (including 1,8,9-, 8,9,14-, and 8,9,30-
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tabulalides A, B, and B! have been reported from the root bark
of Chukrasia tabularisand the configuration of 8-OH and 9-OH
in these compounds was always found tawhé o our knowledge,
xyloccensin Y, the first 8,9-dihydroxyphragmalin discovered from
the plant genuXylocarpus is the fifth one to be found in nature.

Experimental Section

General Experimental ProceduresOptical rotations were recorded
on a Polaptronic HNQWS5 automatic high-resolution polarimeter

Supporting Information Available: This material is available free
of charge via the Internet at http:/pubs.acs.org.

References and Notes

(1) Ekong, D. E. U.; Olagbemi, E. Getrahedron Lett1967, 8, 3525~
3527.

(2) Abdelgaleil, S. A. M.; Okamura, H.; lwagawa, T.; Sato, A.; Miyahara,
I.; Doe, M.; Nakatani, M.Tetrahedron2001, 57, 119-126.

(Schmidt & Haensch Co. Ltd.). UV spectra were obtained on a Beckman
DU-640 UV spectrophotometer, and IR spectra were recorded on a
Perkin-Elmer FT-IR 1760X spectrophotometer. Fast atom bombardment
(FAB)-MS spectra were measured on a Bruker APEX Il spectrometer

(3) Ng, A. S.; Fallis, A. GCan. J. Chem1979 57, 3088-3089.

(4) Kubo, I.; Miura, I.; Nakanishi, KJ. Am. Chem. So&976 98, 6704
6705.

(5) Alvi, K. A.; Crews, P.; Aalbersberg, B.; Prasad, R.; Simpson, J,;

in positive or negative ion mode. NMR spectra were recorded in
methanold, using a Bruker AV-500 spectrometer (500 MHz fibit
NMR and 125 MHz fo3C NMR) with tetramethylsilane as the internal
standard. Preparative HPLC was carried out on ODS columns %250
10 mm i.d., YMC) with a Waters 996 photodiode array detector. For
CC, silica gel (206-300 mesh) (Qingdao Mar. Chem. Ind. Co. Ltd.)
was used.

Plant Material. The fresh fruit of the mangroveXylocarpus
granatumwas collected in June 2005 from Hainan Island, southern
China. The identification of the plant was performed by Prof. Yongshui
Lin, Laboratory of Marine Biology, South China Sea Institute of

Weavers, R. TTetrahedron1991, 47, 8943-8948.

(6) Mulholland, D. A.; Parel, B.; Coombes, P. Burr. Org. Chem200Q
4, 1011-1054.

(7) Kokpol, U.; Chavasiri, W.; Tip-pyang, S.; Veerachato, G.; Zhao, F.
L. Phytochemistry1995 41, 903-905.

(8) Wu, J.; Zhang, S.; Xiao, Q.; Li, Q. X.; Huang, J. S.; Xiao, Z. H;
Long, L. J.Z. Naturforsch.2003 58b, 1216-1219.

(9) Wu, J.; Zhang, S.; Xiao, Q.; Li, Q. X.; Huang, J. S.; Long, L. J.;
Huang, L. M.Tetrahedron Lett2004 45, 591-593.

(10) Wu, J.; Xiao, Q.; Huang, J. S.; Xiao, Z. H.; Qi, S. H.; Li, Q. X.;
Zhang, S.Org. Lett.2004 6, 1841-1844.

(11) Wu, J,; Xiao, Q.; Zhang, S.; Li, X.; Xiao, Z. H.; Ding, H. X,; Li, Q.
X. Tetrahedron2005 61, 8382-8389.

Oceanology, Chinese Academy of Sciences. A voucher sample (no. (12) Wu, J.; Zhang, S.; Song, Y.; Xiao, Z. H.; Xiao, Q.; Li, Q. X.

GKLMMM-002-2) is maintained in the Herbarium of the South China
Sea Institute of Oceanology.
Extraction and Isolation. The dried fruits (8 kg) ofX. granatum

were extracted with hot 95% ethanol three times. The extract was

Naturforsch.2005 60b, 1291-1294.

(13) Wu, J.; Xiao, Z. H.; Song, Y.; Zhang, S.; Xiao, Q.; Ma, C.; Ding, H.
X.; Li, Q. X. Magn. Reson. Chen2006 44, 87—89.

(14) Cheng, F.; Zhou, Y.; Wu, J.; Zou, K. Naturforsch.2006 61h,
626-628.

concentrated under reduced pressure, followed by suspension in water. (15) cui, J. X.; Deng, Z. W.; Li, J.; Fu, H. Z.; Proksch, P.; Lin, W. H.

After defatting withn-hexane, the aqueous layer was further extracted

Phytochemistry2005 66, 2334-2339.

with ethyl acetate. The ethyl acetate extract (220 g) was chromato- (16) Connolly, J. D.; Phillips, W. R.; Mulholland, D. A.; Taylor, D. A.

graphed on Si gel CC and eluted using a chlorofermethanol system
(100:0-2:1) to yield 120 fractions. Fractions—4.0 were combined
and further purified with Si gel CC (petroleum ethathyl acetate,
30:1) to afford a mixture of butyrospermol agpesitosterol fatty acid
esters (1.5 g). Fractions 288 (5.2 g) were combined and further
purified with preparative HPLC (YMC-Pack ODS-5-A, 25020 mm
i.d., methanotwater, 20:80 to 50:50) to yield xyloccensins Y, (LO
mg), Z (2, 12 mg), and Z (3, 8 mg), spicatin (20 mg), daucosterol
(50 mg), aurantiamide (6 mg))-catechin (100 mg)x-tocopherol (5
mg), abscisic acid (7 mg), 4-hydroxybenzoic acid (5 mg), and ethyl
3,4-dihydroxybenzoate (6 mg).

Xyloccensin Y (1): white, amorphous powderp]?%, +65 (c 1.6,
methanol); UV (MECNYimax 212 nm; IR (KBF)vmax 3410, 2985, 1730,
1710, 1620, 1430, 1384, and 1145 dmH and3C NMR data (see
Table 1); HRFABMSWz 701.2419 [calcd for €Ha,0:sNa [M + Nal*,
701.24186].

H. Phytochemistryi981, 20, 2596-2597.

(17) Banerji, A.; Ray, RPhytochemistryi 981, 20, 2217-2220.

(18) Kojima, H.; Sato, N.; Hatano, A.; Ogura, Rhytochemistry199Q
29, 2351-2355.

(19) Kashiwada, Y.; lizuka, H.; Yoshioka, KChem. Pharm. Bull199Q
38, 888-890.

(20) Yu, D. Q.; Yang, J. S.; EdS'he Manual of Analytical Chemistry
(7); Chemical Industry Press of China: Beijing, 1999.

(21) Nakatani, M.; Abdelgaleil, S. A. M.; Saad, M. M. G.; Huang, R. C;
Doe, M.; lIwagawa, TPhytochemistry2004 65, 2833-2841.

(22) Teresa, J. D. P.; Urones, J. G.; Marcos, I. S.; Basabe, P.; Cuadrado,
M. J. S.; Moro, R. FPhytochemistry1987, 26, 17671776.

(23) Kojima, H.; Sato, N.; Hatano, A.; Ogura, Rhytochemistry199Q
29, 2351-2355.

(24) Murti, V. V. S.; Seshadri, T. R.; Sivakumaran, Fhytochemistry
1972 11, 2089-2092.

NP050545C



