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Abstract. Garcinia multiflora belonging to the Clusiaceae family is one of the medicinal plant
species native to Viet Nam and southern China and its use is an ethno-medicinal remedy to treat
acne, scabies, constipation, and inflammation. The major bioactive classes of secondary
metabolites were found in different parts of this plant such as phloroglucinol, xanthone,
bioflavonoid, organic acid... In this paper, the chemical investigation on the fruits of Garcinia
multiflora growing in the north of Vietnam was reported. Six compounds including two
polyprenyl phloroglucinols (garcinol (1), isogarcinol (2)), one triterpene (friedelin (3)), and three
methyl esters of citric acid (1,5,6-trimethyl citrate (4), 1,5-dimethyl citrate (5) and 6-methyl
citrate (6)) were isolated from the methanol extract of fresh fruit pericarp using repeated column
chromatography on different absorbents (silica gel, RP-18 and Sephadex). Their chemical
structures were determined using spectroscopic methods (ESI-MS, 1D and 2D NMR) and
comparison with the spectroscopic data in the literature. The absolute configurations of two
polyprenyl phloroglucinols 1 and 2 were determined by comparison of its experimental optical
rotation and NMR data with the reported values of their stereoisomers. This is the first report on
the occurrence of the phytochemicals 1-6 in the fruits of Garcinia multiflora growing in Viet
Nam.
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1. INTRODUCTION

Garcinia multiflora Champ.ex Benth of the family Clusiaceae is an evergreen tree that
usually grows to 5 - 15 meters in height. The tree is harvested from the wild for local use of its
edible fruit and is also cultivated as a fruit crop in southern China and Viet Nam. G. multiflora
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has a wide distribution and large population, and its use is a remedy to treat acnes, scabies,
constipation, and inflammation [1]. Many studies have been performed on different parts of G.
multiflora such as fruits, leaves, twigs, and branches, demonstrating the ability to biosynthesize
novel compounds from G. multiflora [2 - 8]. From the fruits, hydrocitric acids, benzophenones
(e.g. polyprenyl acylphloroglucinol), coumarins, triterpenes, and steroids have been isolated [2 -
5], of which benzophenones are the most important group related to the biological activities they
have demonstrated. However, in Viet Nam chemical studies on G. multiflora fruits have not
been reported. The present study focused on isolating compounds from the MeOH extract of the
fruit pericarp of G. multiflora with the perspective of examining their structures and
biological activities.

2. MATERIALS AND METHODS
2.1. General experimental procedures

Silica gel (40 - 63 um and 63 - 200 um, Merck), Sephadex LH-20 (GE Healthcare,
Sweden) and reversed-phase RP-18 (Merck, Germany) were used for column chromatography
(CC). TLC was performed using silica gel 60 Fy,4 on aluminum plates (Merck, Germany). Spots
were detected by UV lights (254 and 365 nm) and 5 % vanillin-sulfuric acid in absolute ethanol
solution. Solvents of industrial grade were used for the extraction and chromatographic
separation. ESI-MS spectra were obtained from an Agilent 1100 LC-MS instrument (USA).
NMR spectra were measured on a Bruker Avance 600 or 500 spectrometer (USA). Optical
rotations were measured on a Perkin-Elmer 141 polarimeter (USA). Melting points were
measured on a Buchi B-450 melting point apparatus (USA).

2.2. Plant material

Fresh fruits of Garcinia multiflora Champ.ex Benth (20.0 kg) were collected in Bac Kan
province in December 2021. The voucher specimen (GM082021) was identified by Dr. Nguyen
Quoc Binh, Vietnam National Museum of Nature, Vietnam Academy of Science and
Technology, and deposited at the Institute of Natural Products Chemistry, Vietham Academy of
Science and Technology.

2.3. Extraction and isolation

The fresh fruits of G. multiflora (20.0 kg) were peeled and the pericarp was dried at 45 °C
for two days. The dried pericarp (1.3 kg) was powdered and sonicated with 2 L of MeOH at 40
°C for 30 min. The sonication was repeated three times then the extracts were filtered and the
solvent was evaporated under reduced pressure to obtain a concentrated methanol extract (308
g). The methanol extract was dissolved in water and successively partitioned with n-hexane (500
mL x 3) and ethyl acetate (500 mL x 3), then the solvents were removed under reduced pressure
to obtain n-hexane (158 g) and ethyl acetate (70.6 g) extracts.

The n-hexane extract (158 g) was separated by silica gel CC with gradient n-hexane-
acetone solvent systems (100:1—1:1) to obtain 10 fractions (F1-F10). Fraction F1 (54 g) was
separated by silica gel CC with gradient n-hexane-acetone solvent systems (70:1—1:1) to give
compounds 1 (50 mg) and 5 (15 mg). Fraction F5 was loaded onto a silica gel column with
gradient n-hexane-acetone solvent systems (50:1—1:1) to give 5 fractions (F5.1-F5.5) and the
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purification of fraction F5.5 by RP-18 CC with MeOH-H,0 (5:1) and Sephadex LH-20 CC with
MeOH-dichloromethane (95:5) gave compound 3 (30 mg).

The ethyl acetate extract (70.6 g) was separated by silica gel CC with gradient n-hexane-
acetone solvent systems (100:1—1:1) to obtain 12 fractions (E1-F12). Compound 4 (70 mg) was
precipitated from fraction E1. Fraction E7 was separated by RP-18 CC with MeOH-H,0 (5:1)
and further purified by Sephadex LH-20 CC with MeOH-dichloromethane (95:5) giving
compound 5 (20 mg). Fraction E12 was purified by Sephadex LH-20 CC with MeOH giving
compound 6 (60 mg).

Garcinol (1): yellow needles, m.p. 122 °C, [o] 2[;5 =-138 (c 0.1, CHCI,). ESI-MS: m/z 603.2
[M+H]*; m/z 601.3 [M-H] (CssHs00g). *H- (600 MHz, CDCIl;) and *C-NMR (150 MHz,
CDCly): see Table 1.

Isogarcinol (2): yellow amorphous powder, [a] ZDS = -159 (c 1.0, CHCI3). ESI-MS:m/z
601.6 [M-H] (C3sHs00s). *H- (600 MHz, CDCl;) and *C-NMR (150 MHz, CDCls): see Table 1.

Friedelin (3): white needles, m.p. 267 °C. ESI-MS: m/z 427.2 [M+H]"* (C3Hs,0). *H-NMR
(600 MHz, CDCl3) ¢ (ppm): 2.38 (1H, m, H,-2); 2.29 (1H, m, H,-2); 2.25 (1H, q, J = 6.6 Hz, H-
4); 1.96 (1H, m, H.-1); 1.75 (1H, m, Ha-6); 1.69 (1H, m, Hp-1); 1.57 (1H, m, H.-16); 1.56 (1H, m,
H-18); 1.52 (1H, m, H-10); 1.51 (1H, m, Hx-22); 1.50 (1H, m, H,-21); 1.49 (1H, m, H.-7); 1.48
(1H, m, H,-15); 1.45 (1H, m, H,-11); 1.38 (2H, m, H-8, H.-19); 1.35 (2H, m, Hy,-7, H,-16); 1.33
(1H, m, H,-12); 1.32 (1H, m, H,-12); 1.31 (1H, m, Hy-21); 1.29 (1H, m, Hy-6); 1.27 (1H, m, Hp-
15); 1.25 (1H, m, Hy-11); 1.22 (1H, m, H,-19); 1.18 (3H, s, H-28); 1.05 (3H, s, H-27); 1.01 (3H,
s, H-26); 1.0 (3H, s, H-29); 0.95 (3H, s, H-30); 0.94 (1H, m, Hy-22); 0.88 (1H, d, J = 5.5 Hz, H-
23); 0.87 (3H, s, H-25); 0.73 (3H, s, H-24). ®C-NMR (150 MHz, CDCl3) J (ppm): 213.2 (C-3);
59.5 (C-10); 58.3 (C-4); 53.1 (C-8); 42.9 (C-18); 42.2 (C-5); 41.6 (C-2); 41.3 (C-6); 39.7 (C-13);
39.3 (C-22); 38.3 (C-14); 37.5 (C-9); 36.1 (C-16); 35.7 (C-11); 35.4 (C-19); 35.0 (C-29); 32.8
(C-21); 32.5 (C-15); 32.1 (C-28); 31.8 (C-30); 30.5 (C-12); 30.0 (C-17); 28.2 (C-20); 22.3 (C-1);
20.3 (C-26); 18.7 (C-27); 18.3 (C-7); 18.0 (C-25); 14.7 (C-24); 6.8 (C-23).

1,5,6-Trimethyl citrate (4): white amorphous powder. ESI-MS: m/z 256.8 [M+Na]"
(CsH1407). 'H-NMR (500 MHz, CDCI3) § (ppm): 4.12 (1H, s, OH); 3.83 (3H, s, H-7); 3.69 (6H,
s, H-8, H-9); 2.91 (2H, d, J = 15.5 Hz, H,-2, H,-4); 2.81 (2H, d, J = 15.5 Hz, Hy-2, Hy-4). **C-
NMR (125 MHz, CDCls) 6 (ppm): 173.8 (C-6); 170.2 (C-1, C-5); 73.3 (C-3); 53.2 (C-7); 52.0
(C-8,C-9); 43.1 (C-2, C-4).

1,5-Dimethyl citrate (5): white amorphous powder. ESI-MS: m/z 242.8 [M+Na]"; 218.8
[M-H] (CsH1,0-). "H-NMR (500 MHz, acetone dg) 5(ppm): 3.62 (6H, s, H-8, H-9); 3.26 (1H, br
s, OH); 2.93 (2H, d, J = 15.5 Hz, H,-2, H.-4); 2.84 (2H, d, J = 15.5 Hz, Hy-2, Hy-4). *C-NMR
(125 MHz, acetone-ds) 6 (ppm): 174.8 (C-6); 170.8 (C-1, C-5); 73.7 (C-3); 51.8 (C-8, C-9); 43.5
(C-2, C-4).

6-Methyl citrate (6): white amorphous powder. ESI-MS: m/z 228.8 [M+Na]*, m/z 204.7
[M-H]" (C;H1,0;)."H-NMR (600 MHz, acetone dg) 5(ppm): 3.62 (3H, s, H-7); 2.91 (2H, d, J =
13.5 Hz, H,-2, H,-4); 2.80 ( 2H, d, J = 13.5 Hz, Hy-2, Hy-4). ®*C-NMR (150 MHz, acetone-ds)
o(ppm): 174.4 (C-6); 171.6 (C-1, C-5); 74.0 (C-3); 52.7 (C-7); 43.4 (C-2,C-4).

3. RESULTS AND DISCUSSION

25
Compound 1 was isolated as yellow needles, m.p. 122 °C, [a] 5 =-138 (¢ 0.1, CHCls). The
ESI-MS pseudomolecular ion peaks at m/z 603.2 [M+H]" and m/z 601.3 [M-H] suggested the
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molecular formula of 1 to be CzHso0s. The *H-NMR of compound 1 showed signals of two
tertiary methyl groups at 64 1.16 (3H, s) and 1.01 (3H, s) (H-22 and H-23) and seven olefinic
methyl groups at Jy 1.54 (s, H-28 and H-33), 1.60, 1.67, 1.70, 1.73, and 1.80 (s, H-38, H-37, H-
27, H-21, and H-20). Signals of a vinylic methylene at 0,;4.38 and 4.42 (2H, s, H-32) and three
olefinic protons at dy 4.93, 5.05, and 5.09 (m, H-25, H-35 and H-18), three protons of an ABX
system at 6 6.62 (d, J = 7.8 Hz, H-15), 6.97 (d, J = 1.8 Hz, H-12), and 6.98 (dd, J = 7.8, 1.8 Hz,
H-16)] were observed. The **C-NMR and HSQC spectra showed signals of six aromatic carbons
(C-11-C-16, Table 1), a carbonyl group at 6:198.7 (C-10), and one bicyclic [3,3,1]nonane-3,9-
dione system containing 3 tertiary carbons at Jc 57.9 (C-8), 69.8 (C-4), 49.6 (C-5), one methine
at dc 46.9 (C-6), one methylene group at Jc 42.7(C-7), two ketone carbons at Jc 209.1 (C-9),
194.7 (C-3), and an oxygenated aromatic carbon at Jc 193.9 (C-1). The 'H-, “C-NMR
spectroscopic data (Table 1) suggested that the bicyclic [3,3,1]nonane-3,9-dione system was
connected to four prenyl and one 3,4-dihydroxybenzoyl groups in the structure of 1. The *H-'H
COSY spectrum displayed correlations of the spin systems of H-29 (Jy 2.13, 1.90)/H-30 (J4
2.75)/H-34 (04 2.08)/H-35 (dy 5.05), H-6 (0 1.44)/H-7 (64 2.07), H-17 (dn 2.74, 2.59)/H-18 (dn
5.09), and H-6/H-24 (oy 2.15, 1.95)/H-25 (64 4.93). The HMBC correlations of 1 between H-29
and C-1/C-8/C-30 (Jc 43.6)/C-31 (oc 148.1)/C-34 (¢ 32.7), H-30 and C-8/C-33 (Jc 17.7)/C-34,
and H-32 (oy 4.42, 4.38) and C-30/C-33 allowed the attachment of a complex of 2-isopropenyl-
5-methylhex-4-enyl group from C-29 (Jc 36.2) to C-38 (dc 18.0) to C-8 of the bicyclic system.
The other HMBC correlations between H-18 and C-4 (d¢ 69.8), H-17 (o 2.74, 2.59) and C-9 (dc
209.1)/C-3, H-24 and C-6/C-7 determined the location of two prenyl groups at C-5 and C-7.
Two methyl groups C-22 (Jc 22.7) and C-23 (dc 27.0) were attached to C-5 by HMBC
correlations between H-22/H-23 and C-4/C-5/C-6. The NMR spectroscopic data of 1 agreed
with those of garcinol. Further verification based on the specific optical rotation of 1 showed the
coincidence with that of garcinol ([a]p: -138, ¢ 0.1, CHCI;) [9]. The other stereoisomers 7-epi-
garcinol ([a]p: -86, ¢ 1.0, CHCIy) [10, 11] and guttiferone E ([a]p: +101, ¢ 0.5, CHCIy) [12]
showed different signs or values of the optical rotations. Thus, compound 1 was concluded to be
garcinol.

Figure 1. Chemical structures of compounds 1-6.

25
Compound 2 was isolated as a yellow amorphous powder, [o] 5 = -159 (¢ 1.0, CHCI;). The
ESI-MS pseudomolecular ion peak at m/z 601.6 [M-H] suggested that the molecular formula of
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2 was CsgHsoOg. The H-NMR of compound 2 showed signals of four tertiary methyl groups at
on 1.15 (s, H-22), 0.98 (s, H-23), 1.24 (s, H-32), 0.91 (s, H-33) and six methyl groups attached to
the doubly bonded carbons at dy 1.60 (6H, s, H-20, H-21), 1.68 and 1.67 (6H, s, H-27, H-28),
1.77 and 1.58 (6H, s, H-37, H-38). In the downfield region, an ABX system at 6,6.75 (d,J=7.8
Hz, H-15), 7.00 (dd, J = 7.8, 2.4 Hz, H-16), 7.35 (d, J = 2.4 Hz, H-12)] and three olefinic
protons at dy; 4.89 (m, H-18), 4.91 (m, H-25), 5.20 (m, H-35) were observed (Table 1). The **C-
NMR and HSQC showed signals of six aromatic carbons (C-11-C-16, Table 1), three carbonyl
groups at dc 207.3 (C-9), 194.4 (C-3), and 193.3 (C-10), and a bicyclic [3,3,1]nonane-3,9-dione
system with three quaternary carbons at 6c 51.2 (C-8), 68.2 (C-4), and 46.2 (C-5), one methine at
Jc 46.1 (C-6), one methylene at dc 39.4 (C-7), one isolated ketone group at dc 207.3 (C-9), and a
conjugated double bond at 6c171.4 (C-1) and 194.4 (C-3).

Figure 2. Key HMBC (arrows) and COSY (bold lines) correlations for compounds 1 and 2.

Table 1. *H (600 MHz) and **C (150 MHz) NMR data of compounds 1 and 2 (CDCls, J in Hz).

1 2
CH OH oc OH oc
1 193.9 1714
2 115.9 125.2
3 194.7 194.4
4 69.8 68.2
5 49.6 46.2
6 |144m 46.9 1.45m 46.1
7 |237d(13.8) 42.7 1.98 dd (14.4,7.8) 39.4
2.07 overlapped 2.26d (14.4)
8 57.9 51.2
9 209.1 207.3
10 198.7 193.3
11 128.0 130.0
12 |6.97 d (1.8) 116.5 7.35d (2.4) 114.2
13 143.6 144.4
14 149.7 150.4
15 [6.62d(7.8) 1144 ] | 6.75d (7.8) 114.2
16 |6.98dd (7.8, 1.8) 124.1 7.00 dd (7.8, 2.4) 124.0
17 | 2.74 overlapped 26.4 2.44 dd (13.2, 4.8) 255
2.59d (12.6) 2.63 overlapped
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18 | 5.09m 120.2 4.89m 119.6
19 135.2 134.6
20 | 1.80s 26.1 1.60s 26.0
21 | 1.73s 18.2 1.60s 18.0
22 | 1.16s 22.7 1.15s 26.7
23 | 1.01s 27.0 0.98s 22.4
24 | 2.15 overlapped 29.0 2.16 m 29.2
1.95m 2.63 overlapped
25 14.93m 123.9 491m 124.9
26 132.9 133.0
27 | 1.70s 25.7 1.68s 25.85
28 | 1545 18.0 1.67s 17.9
29 | 2.13 overlapped 36.2 3.03 dd (14.4, 3.6) 28.3
1.90 dd (13.8, 4.2) 0.92 overlapped
30 | 2.75 overlapped 43.6 1.40m 42.8
31 148.1 86.6
32 | 4.42d(2.4) 112.7 1.24s 21.2
4.38d (2.4)
33 | 1545 17.7 0.91s 28.6
34 | 2.08 overlapped 32.7 2.03m 29.6
2.0 overlapped 1.79m
35 | 5.05m 122.7 520 m 121.4
36 132.0 133.6
37 | 1.67s 25.7 1.77s 25.7
38 | 1.60s 18.0 1.58s 17.9

The HMBC correlations from H-29 (84 3.03; 0.92) to C-8 (&c 51.2), C-1 (&c171.4), C-30
(0c 42.8), and C-31 (¢ 86.6) revealed the annexation of a tetrahydropyran ring to the bicyclic
[3,3,1]nonane-3,9-dione system. Based on the NMR data, the structure of 2 consisted of a
tricyclic pyrano[3,3,1]nonane-3,9-dione decorated with three prenyl groups and one 3,4-
dihydroxybenzoyl group. The HMBC correlations between H-18 and C-4, H-17 (6 2.44, 2.63)
and C-9/C-3, H-24 (o 2.16, 2.63) and C-6/C-7, H-34 (o4 2.03, 1.79) and C-29 (Jc 28.3)/C-30
(oc 42.8) determined the location of three prenyl groups at C-4, C-6 and C-30. Further HMBC
correlations between H-22/H-23 and C-4/C-5/C-6, H-32/H-33 and C-30/C-31 (Jc 86.6)
determined the attachment of C-22/C-23 methyl groups to C-5 and C-32/C-33 methyl groups to
C-31. Compared with the values in the literature, the 1D and 2D NMR spectroscopic data of 2
were in agreement with the structure of isogarcinol. The specific optical rotation of 2 ([a]p = -
159) was similar to those of isogarcinol ([a]p = -158) [10, 11]. The other stereoisomers 7-epi-
isoxanthochymol ([a]p = +98.4) [13] and isoxanthochymol ([a]p = +181) [13] showed the
opposite optical rotations. Thus, compound 2 was determined as isogarcinol.

Compound 3 was isolated as white needles, m.p. 267 °C. The ESI-MS pseudomolecular ion
peak at m/z 427.2 [M+H]" suggested that the molecular formula of 3 was CssHseQOs. The *H-
NMR spectrum of compound 3 showed the resonance of seven singlet tertiary methyl groups at
on 1.18 (3H, s, H-28), 1.05 (3H, s, H-27), 1.01 (3H, s, H-26), 1.0 (3H, s, H-29), 0.95 (3H, s, H-
30), 0.87 (3H, s, H-25), 0.73 (3H, s, H-24) and a doublet secondary methyl group at 64 0.88 (1H,
d, J = 5.5 Hz, H-23), in addition to methylene and methine groups in the upfield NMR range at
Oy 2.41-1.22. The *C-NMR showed the presence of 30 carbon signals including a ketone
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carbonyl group at Jc 213.2 (C-3), eight methyl signals at Jc 35.0 (C-29), 32.1 (C-28), 31.8 (C-
30), 20.3 (C-26), 18.7 (C-27), 18.0 (C-25), 14.7 (C-24), 6.8 (C-23) and 21 methine and
methylene carbons at Jc 59.5-18.3. The NMR data suggested the 3-oxofriedelane structure of 3
and the comparison of the spectroscopic data and the melting point of 3 with those of friedelin
[14] confirmed the suggestion. Thus, compound 3 was identified as friedelin.

Compounds 4-6 were isolated as white amorphous powders. The ESI-MS pseudomolecular
ion peaks at m/z 256.8 [M+Na]"; 242.8 [M+Na]" and 218.8 [M-H]; 228.8 [M+Na]" and 204.7
[M-H] determined the molecular formulas of 4-6 to be CgH;;,0; CgH1,0; and C;H;0-,
respectively. Their "H-NMR spectra showed the resonance of two coupling protons as doublets
at 5 2.8-2.9 and from one to three methoxy groups at dy 3.62 (s), 3.69 (s), and 3.83 (s). The **C-
NMR spectra of compounds 4-6 all showed the resonance of three acid or ester carbonyl groups
at dc 175-170 including two chemically and magnetically equivalent carbonyl groups and from
one to three methoxy groups. In addition, the presence of a tertiary carbon at éc 73.3 (C-3) and
two symmetrical methylene groups at dc 43.1 (C-2, C-4) identified the structure of compound 4
as 1,5,6-trimethyl citrate which was in good agreement with the spectroscopic values of
trimethyl citrate in the literature [15]. Consequently, the two other related esters were identified
as 1,5-dimethyl citrate (5) (with two symmetrical ester carbonyl groups) and 6-methy!l citrate (6)
(with one central ester carbonyl group) [16, 17]. These three esters (4-6) form the basis of the
sourness and flavor of the ripe fruits of Garcinia multiflora.

4. CONCLUSIONS

By chromatographic separation, six compounds (1-6) were isolated from the n-hexane and
ethyl acetate extracts from the fruit pericarp of Garcinia multiflora. Their structures were
identified as two polyprenylated phloroglucinols: garcinol (1) and isogarcinol (2), a triterpene:
friedelin (3), and three methyl citrates: 1,5,6-trimethyl citrate (4), 1,5-dimethyl citrate (5), and 6-
methyl citrate (6). This is the first report on the occurrence of phytochemicals 1-6 in G.
multiflora fruits in Viet Nam.
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