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ABSTRACT

This research studied on the chemical constituents of fruit latex from Garcinia
mangostana (L). The result showed that the fruit latex contained 13 prenylated xanthones,
whereas only five xanthones have been reported from previous work. In addition, this is the
first report on the isolation of cowaxanthone D and cratoxylone from this plant species.
The structures of all isolated compounds were elucidated mainly by 1D and 2D NMR

spectroscopic techniques and comparisons of their spectroscopic data with the literature values.
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Introduction

The mangosteen fruit is originated from Southeast Asia, including Thailand [1],
and is well known as Queen of fruit [2]. Mangosteen tree requires warm and very humid,
climate year round. Mangosteen or Garcinia mangostana L. (family Clusiaceae) has been used
as a traditional medicine for treatment of skin infection and wounds in Southeast Asia for many
years and is a major economic fruit of Thailand. The fruit pericarp contains high amount
of prenylated xanthones with a wide range of biological activities, such as anticancer [3],
antibacterial [4], anti-inflammatory [5], antioxidant [6] and cardiovascular activities [7].
Phytochemicals studies on G. mangostana fruit, stem, leaf and root have been published
extensively, however, only two groups worked on the fruit latex and only five xanthone
compounds were reported from this plant part [8, 9]. Dharmaratne et al. revealed that the green
fruit latex consists of more than 75% xanthones and hence was another rich source of xanthones
[9]. Mangosteen is becoming a major botanical dietary supplement and its sales have been
greatly increased in the U.S. and around the world because of the rather high levels of xanthones
in mangosteen juice and their purported health benefits [10].

Based on its various health benefits and only a limited number of reports on the fruit
latex, in this study the EtOAc-soluble extract obtained from the fruit latex of G. mangostana was
subjected to chemical investigation leading to the isolation and identification of thirteen xanthones
(1-13, Figure 1), of which cowaxanthone D (9) and cratoxylone (13) are reported from this
plant species for the first time. Isolation of two structural isomers, 12 and 13, was also

described.
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Figure 1 Structures of 13 xanthones isolated from the fruit latex of G. mangostana

Materials and Method
Source of Plant Material
The dried yellow fruit latex of G. mangostana was collected from the fruits

purchased from local market in Bangkok in July 2008.

General Procedures

"H- and "’C-NMR spectra were recorded on a Bruker Avance 300 FT-NMR
spectrometer, operating at 300 MHz ('H) and 75 MHz (*>C). The chemical shifts were
referenced to the residual solvent peaks (3, 7.24 and 8. 77.00 for CDCl,, 8, 2.04 and &. 29.8
for acetone-dg). Column chromatography and thin layer chromatography (TLC) were carried
out using Merck silica gel 60 (> 230 mesh) and precoated silica gel 60 F254 plates, respectively.
Plates of silica gel PF254, 2.00 mm thickness, were utilized for centrifugal TLC. Spots on
TLC were visualized under UV light and by spraying with anisaldehyde-H,SO, reagent
followed by heating. Melting points, in degree Celsius, were measured on a Griffin melting
point apparatus. Electrospray ionization (ESI) mass spectra were obtained on a Finnigan LC-Q

mass spectrometer.
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Extraction and isolation

The dried fruit latex (17 g) including a small amount of pericarp material was
dissolved with ethyl acetate (3 x 300 ml) and filtered. Evaporation of the filtrate under
reduced pressure gave a brown paste (15.3 g) which was separated into 6 major fractions by
chromatography on a silica gel column, eluting sequentially with n-hexane, n-hexane-acetone
(96:4-50-50) and acetone. Fraction 2 (3.24 g) was subjected to silica gel column chromatography
employing a gradient of n-hexane-acetone (98:2-90:10) resulting in 10 subtractions. Subfraction
2.5 yielded compound 1 (248.3 mg). Compound 2 (7.1 mg) was isolated from subfraction
2.7 by precipitation in n-hexane and the yellow solid was washed with cold n-hexane. Subfraction
2.9 (164.7 mg) was further purified by silica gel column chromatography employing a gradient
of n-hexane-acetone (100:0-97:3) to obtain a mixture of compounds 8 and 4 (7.8 mg) and
compound 5 (9.0 mg). Subfraction 2.10 (213.0 mg) was rechromatographed over silica gel
with n-hexane-acetone (95:5-90:10) as the solvent system to afford compound 6 (17.3 mg).
The major compound 7, a-mangostin, precipitated as a yellow solid (8.7 g) when fraction 3
was left in 8% acetone-n-hexane overnight. Compound 8 (1.6 g) similarly precipitated
from fraction 4 (6.57 g, 12% acetone-n-hexane). Subfraction 4.9 (166.9 mg) was fractionated
by centrifugal thin-layer chromatography (Silica gel 60 PF,, containing CaSO,, plate of 2.0 mm
thickness) and eluted with n-hexane-ethyl acetate of increasing polarity (95:5-85:15) to provide
6 subfractions (4.9a-4.9f). Compounds 9 (2.9 mg) and 10 (4.7 mg) were obtained from
subfractions 4.9a (2.9 mg) and 4.9¢ (44 mg), respectively, as pale yellow solids.
Subfraction 4.11 (152.1 mg) was fractionated by silica gel column chromatography eluted
with dichloromethane-methanol (99:1-85:15) as eluent to provide 15 further subfractions
(4.11a-4.110). Subfraction 4.11b (0.5 mg) gave compound 11 as a pale yellow solid. A mixture
of garcinone D and cratoxylone, obtained from fraction 5 (6.33 g), was subjected to silica gel
column chromatography employing solvent a gradient n-hexane-acetone (90:10-80:20) and 8
subfractions were collected. Subfraction 5.6 (560.3 mg) was further chromatographed over
a silica gel column using n-hexane-acetone (90:10-80:20) as eluting solvent to provide
compound 13 (39.3 mg) as a pale yellow solid. Compound 12 (119.9 mg) was obtained
from subfraction 5.7 (543.6 mg) as a pale yellow solid.
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Table 1 'H (300 MHz) and °C (75 MHz) NMR data of compounds 9 and 13

Position

1-OH
2
3
3-OMe

4a

10a
11

12

13
14
15
16

17

18

19
20

Compound 9*

Sy

13.31 (1H, s)

3.84 (3H, s)
6.29 (1H, s)

6.73 (1H, s)

329 (2H,brd, J =72
Hz)

5.15 (1H, br t, J = 7.2
Hz)

1.72 (3H, s)
1.61 (38H, s)
7.95 (1H, d, J = 10.2
Hz)

5.75 (1H, d, J = 10.2
Hz)

1.43 (3H, s)
1.43 (3H, s)

Note: %n CDCl,

b

in acetone-d,

ca approximately

159.4
111.2
163.4
55.7
88.9
1554
102.3
151.2
137.2

119.8
108.5
ca 182.1
103.8
152.9
21.2

122.1

131.6
17.6
25.6

120.9

132.1

76.4

27.0
27.0

Compound 13"
6H

13.78 (1H, s)

6.36 (1H, s)

6.81 (1H, s)

3.78 (3H, s)

2.74 (2H, dt, J = 5.3,
7.9 Hz)

1.69 (2H, dt, J = 5.3,
7.9 Hz)

1.24 (3H, s)
1.24 (3H, s)
411 (2H,d, J = 6.3
Hz)

526 (1H,t,J = 6.3
Hz)

1.81 (3H, s)
1.63 (3H, s)

161.6
112.3
163.2

93.3
155.6
102.6
157.3
144 .4

61.2
138.0
111.8
182.8
103.4
156.1

18.2

431

70.6
29.0
29.0
26.8

124.7

131.3

25.8
17.8



M3 1Mo af uem T 28 afui 2 (2555) 53

Results

TLC observation of the ethyl acetate extract of the G. mangostana fruit latex, showed
the green-yellow spots after development with anisaldehyde-H,SO, reagent, indicative of the
presence of prenylated xanthones. The ethyl acetate soluble fraction of the fruit latex was further
purified to yield thirteen xanthones (1-13), whereas only o-mangostin, ~mangostin, S-mangostin
and garcinone E were obtained in previous works on the fruit latex of this plant [8, 9].
In addition, this is the first report on the isolation of cowaxanthone D (9) and cratoxylone (13)
from G. mangostana.

Cowaxanthone D (9): Pale yellow solid; m.p. 222-224 °C (lit. 210.0-210.7 °C
[11]); UV Amax MeOH nm (log €): 245 (4.44), 265 (4.42), 328 (4.30), 387 (3.81); IR (KBr)
cm: 3483 (O-H), 1645 (C=0); 'H- and "C-NMR data: see Table 1; ESIMS (-ve): m/z
(% relative intensity): 407.3 [M-H]™ (100).

Cratoxylone (18): Pale yellow solid; m.p. 229-230 °C; UV Amax MeOH nm (log €):
242 (4.24), 256 (4.15), 316 (4.06 x 348 (3.72). IR (KBr) cm’: 3408 (O-H), 1646 (C=0);
"H- and "C-NMR data: see Table 1; ESIMS (+ve): m/z (% relative intensity): 427.4
[M-H]" (80).

Discussion and conclusion

Phytochemical study of the G. mangostana fruit latex led to the first isolation of
two xanthones, cowaxanthone D (9) and cratoxylone (13), from this plant species along with
eleven known xanthones, including 9-hydroxycalabaxanthone (1) [13], S-mangostin (2) [15],
gartanin (8) [14], 8-desoxygartanin (4) [14], 1,7-dihydroxy-3-methoxy-2-(3-methylbut-
2-enyl)xanthone (5) [14], garcinone E (6) [16], a-mangostin (7) [17], ymangostin (8) [17],
mangostanin (10) [18], garcinone B (11) [19] and garcinone D (12) [13] (Figure 1).
The structures of these compounds were elucidated mainly by NMR spectroscopic techniques
and comparisons with the previously reported data.

Compound 9 was obtained as a pale yellow solid and showed a pseudomolecular
ion peak at m/z 407.3 [M-H] in its ESIMS, corresponding to the molecular formula Cy,H,;0.
The IR spectrum showed absorption bands at 3483 c¢cm! for one or more hydroxyl group and
1645 ¢cm! for a carbonyl functionality. The '"H NMR spectrum (Table 1) obtained in CDCl,
revealed signals for a 1,3,6,7-tetraoxygenated xanthone, which include one chelated
hydroxyl group at §; 13.31, two aromatic singlets at §,, 6.29 (H-4), §. 88.9 and &, 6.73 (H-5),
8- 102.3; a 3-methylbut-2-enyl group at 8, 5.15 (1H, br t, J = 7.2 Hz, H-12), §. 122.1 (C-12);
8, 3.29 (2H, d, J = 7.2 Hz, H-11), §. 21.2 (C-11); §, 1.72 (s) (3H, s, H-14), . 17.6 (C-14)
and &, 1.61 (s) (3H, s, H-15), 8. 25.6 (C-15) and a 2,2-dimethylchromene ring at §, 7.95
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(1H, d, J = 10.2 Hz, H-16), §. 120.9 (C-16); §, 5.75 (1H, d, J = 10.2 Hz, H-17), §. 132.1
(C-17) and &, 1.43 (6H, s, H-19, H-20) , &, 27.0 (C-19, C-20). This 2,2-dimethylchroman
ring was attached at C-7 (8. 137.2) and C-8 (8. 119.8) base on an anisotropic effect of the
C-9 carbonyl group (8. 182.1) which caused a downfield shift of H-16 signal. In addition,
the two olefinic protons at &, 7.95 and 5.75 of the 2,2-dimethylchroman ring displayed
correlations with C-7 (8. 137.2) and C-8 (5. 119.8), respectively, in its HMBC experiment
(Figure 2). Compound 9 was then shown to be a close analogue, but less polar (with Rf value
of 0.54; 30% acetone in n-hexane) than garcinone B (11). The difference could readily be
observed in the 'H NMR spectrum (Table 1) in which an additional methoxyl singlet signal at
8, 3.84, &. 55.7 was observed. The location of this methoxyl group at C-3 (5. 163.4) was
confirmed by its HMBC correlations (Figure 2) with C-3. NOE enhancement (Figure 2) with
aromatic proton H-4 (8, 6.29) and methyl proton H-14 (§, 1.61) in the NOESY spectrum,
further confirmed the attachment of this group at C-3. Thus, the structure of 9 was assigned
to be 1,6-dihydroxy-3-methoxy-2-(3-methylbut-2-enyl)-6’,6"-dimethylpyrano(2’,3":7,8)xanthone

or cowaxanthone D, a xanthone previously isolated from the fruits of G. cowa [11].

<---> NOESY

Figure 2 Selected HMBC and NOESY correlations of cowaxanthone D (9) and cratoxylone (13)

"H NMR spectrum of fraction 5 showed a mixture of two compounds (12 and 13)
although it gave only one green spot on TLC in various eluting solvent system. Nevertheless,
compound 13 was successfully isolated by silica gel column chromatography technique as a
pale yellow solid that showed a pseudomolecular ion peak at m/z 427.4 [M-H] in the
ESIMS which corresponds to a molecular formula of C,,H,;0,. IR spectrum of 13 exhibited
the same pattern as that of garcinone D (12). 1D and 2D NMR data analysis of compound 13
showed that this xanthone has the same two aromatic protons and substituents as those of
garcinone D (12), including a 3-hydroxy-3-methylbutyl, a prenyl, one chelated hydroxyl and
one methoxyl groups (Table 1). This suggested that compound 13 was an isomer of 12.
Comparison of their 'H NMR spectra (Figure 3) suggested their differences were in the

placement for the 3-hydroxy-3-methylbutyl and prenyl moieties. From HMBC spectral data
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of 13 (Figure 2), the methylene proton signal at §; 2.74 (2H, dt, J = 5.3, 7.9 Hz, H-11) of
the 3-hydroxy-3-methylbutyl group showed correlations with C-1 (8. 161.6), C-2 (5. 112.3)
and C-3 (SC 163.2). It was therefore apparent that this side-chain was located at C-2 (8C 112.3)
in ring A. The downfield methylene proton signal of the prenyl unit at §, 4.11 (H-16) showed
correlations with C-7 (8. 144.4), C-8 (3. 138.0) and C-8a (5. 111.8) and the methoxyl group
at 8, 3.78 (7-OMe) showed correlations with C-7 (8. 144.4). In addition, the methoxyl proton
at 8, 3.78 also exhibited a NOESY correlation (Figure 2) with the olefinic proton H-17
(8, 5.26). This confirmed the positions of a prenyl and a methoxyl moiety in 13 at C-8 and
C-7, respectively. From these evidences, the structure of compound 13 was concluded to be
1,3,6-trihydroxy-2-(3-hydroxy-3-methylbutyl)-7-methoxy-8-(3-methylbut-2-enyl)xanthone or

cratoxylone. Cratoxylone has been isolated from the bark of Cratoxylum cochinchinense [12].

Acknowledgement
We are grateful to Xango LLC. and Faculty of Science, Srinakharinwirot University

for partial funding of this research.



56

96T —

1631 ——
LT —
8E0°Z
Sk0E

§i9°7 ——
B8B" ——
bZE'E
SHE
ST °E e
&b —7

08 "€
9€8°E —

992 —

BREY —

¥O8'y —

—
~
o
=
[m]
9]
c
<)
<
o
[
[S)

818" el —

PO

-

Ll
-

14

=0e0"1

=Gl

=660

e ——

;

LyZ
0r9

VA=

n
n
=]

R e R L L L L R R R R

09z

w

13€°

e

Zmy—

)
Z
)
c
o
>
<
9
XS]
o
3]

=
@
-

™
-

SWU Sci. J. Vol. 28 No. 2 (2012)

o
=l

E1dd

FEh

—IB1'Z

=LI0'E

—.B30°Z

=kb6 0

-

Figure 3 "H NMR (300 MHz) spectra of garcinone D (12) and cratoxylone (13)



M3 1Mo af uem T 28 afui 2 (2555) 57

References

1.

10.

11.

12.

Peres, V., Nagem, T. J., and de Oliveira, F. F. 2000. Tetraoxygenated Naturally Occurring
Xanthones. Phytochemistry 55(7): 683-710.

Chin, Y. W., Jung, H. A., Chai, H., Keller, W. J., and Kinghorn, A. D. 2008. Xanthones
with Quinonereductase-Inducing Activity from the Fruits of Garcinia mangostana
(Mangosteen). Phytochemistry 69(3): 754-758.

Akao, Y., Nakagawa, Y., linuma, M., and Nozawa, Y. 2008. Anti-Cancer Effects of
Xanthones from Pericarps of Mangosteen. International Journal of Molecular Sciences
9(3): 355-370.

Suksumrarn, S., Suwannapoch, N., Phakhodee, W., Thanuhiranlert, J., Ratananukul, P.,
Chimnoi, N., and Suksumrarn, A. 2003. Antimycobacterial Activity of Prenylated
Xanthones from the Fruits of Garcinia mangostana. Chemical & Pharmaceutical Bulletin
51(7): 857-859.

Tewtrakul, S., Wattanapiromsakul, C., and Mahabusarakam, W. 2009. Effects of
Compounds from Garcinia mangostana on Inflammatory Mediators in RAW264.7
Macrophage Cells. Journal of Ethnopharmacology 121(3): 379-382.

Jung, H. A., Su, B. N, Keller, W. J., Mehta, R. G., and Kinghorn, A. D. 2006. Antioxidant
Xanthones from the Pericarp of Garcinia mangostana (Mangosteen). Journal of
Agricultural and Food Chemistry 54(6): 2077-2082.

Pinto, M. M. M., Sousa, M. E., and Nascimento, M. S. J. 2005. Xanthone Derivatives:
New Insights in Biological Activities. Current Medicinal Chemistry 12: 2517-2538.
Yates, P., and Bhat, H. B. 1968. Structure of -Mangostin. Canadian Journal of Chemistry
46: 3770-3772.

Dharmaratne, H. R. W., Piyasena, K. G. N. P., and Tennakoon, S. B. 2005. A Geranylated
Biphenyl Derivative from Garcinia mangostana. Natural Product Research 19: 239-243.
Bumrungpert, A., Kalpravidh, R. W., Suksamrarn, S., Chaivisuthangkura, A.,
Chitchumroonchokchai, C., and Failla, M. L. 2009. Bioaccessibility, Biotransformation,
and Transport of o-mangostin from Garcinia mangostana (Mangosteen) Using Simulated
Digestion and Caco-2 Human Intestinal Cells. Molecular Nutrition & Food Research 53:
$54-s61.

Panthong, K., Pongcharoen, W., Phongpaichit, S., and Taylor, W. C. 2006. Tetraoxygenated
Xanthones from the Fruits of Garcinia cowa. Phytochemistry 67(10): 999-1004.
Bennett, G. J., Harrison, L. J., Sia, Gg. -L., and Sim, K. -Y. 1993. Triterpenoids, Tocotrienols
and Xanthones from the Bark of Cratoxylum cochinchinense. Phytochemistry 32(5): 1245-
1251.



58

13.

14.

15.

16.

17.

18.

19.

SWU Sci. J. Vol. 28 No. 2 (2012)

Sen, A. K., Sarkar, K. K., Majumder, P. C., and Banerji, N. 1981. Minor Xanthones of
Garcinia mangostana. Phytochemistry 20(1): 183-185.

Jaratrungtawee, A. 2007. Phytochemicals from the Very Young Fruit of Garcinia
mangostana L. Bangkok. Srinakharinwirot University. p. 90, 94.

Likhitwitayawuid, K., Phadungcharoen, T., and Krungkrai, J., 1998. Antimalarial Xanthones
from Garcinia cowa. Planta Medica 64: 70-72.

Sakai, S. 1., Katsura, M., Takayama, H., Aimi, N., Chokethaworn, N., and Suttajit, M. 1993.
The Structure of Garcinone E. Chemical & Pharmaceutical Bulletin 41: 958-960.
Mahabusarakam, W., Wiriyachitra, P., and Taylor, W. C. 1987. Chemical Constituents of
Garcinia mangostana. Journal of Natural Products 50(3): 474-478.

Komutiban, O. 2004. Study on Xanthones from the Young Fruit of Garcinia mangostana
Linn. Bangkok. Srinakharinwirot University. p. 83.

Suwannapoch, N. 2002. Xanthones from Unriped Pericarps of Garcinia mangostana.

Bangkok. Srinakharinwirot University. p. 41.

lasuymanuiuil 17 asagian 2555
YONTUANNIIUT 30 ~nau 2555



