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Chemical constituents from Mahkota dewa
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450052, China
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A new phenolic glycoside (1), mahkoside A, together with six known compounds including mangiferin
(2), kaempferol-3-O-b-D-glucoside (3), dodecanoic acid (4), palmitic acid (5) ethyl stearate (6) and
sucrose (7), were isolated from the pit of Mahkota dewa. Their structures were identified on the basis of
spectroscopic analysis. All the compounds were isolated from the title plant for the first time.

Keywords: 4,40-Dihydroxy-2-methoxybenzophenone-6-O-a-D-glucopyranoside; Mangiferin; Mahkota
dewa

1. Introduction

Mahkota dewa (Phaleria macrocarpa [Scheff.] Boerl) is widely distributed in

Indonesia. The stems, leaves and fruits of M. dewa are used for medicinal treatment.

Empirically, M. dewa has proved capable of controlling cancer, impotency, haemorrhoids,

diabetes mellitus, allergies, liver and heart diseases, kidney disorders, blood diseases,

rheumatism, high blood pressure, stroke, migraine, various skin diseases, acne and so

forth [1]. The bioactivity results from antihistamine, antioxidant and anticancer substance in

the plant [1]. Therefore there are many healthy teas and drinks made from M. dewa in

Indonesia.

Despite the known bioactive effect, there are no reports on the chemical constituents of the

plant. Our group is interested in the investigation of the constituents of the plant and

have successfully isolated three glucosides and four other known compounds. Three

glucosides, a new compound 4,40-dihydroxy-2-methoxybenzo-phenone-6-O-b-D-gluco-

pyranoside (1), mangiferin (2) and kaempferol-3-O-b-D-glucoside (3), and four known

compounds were isolated for the first time from M. dewa. All of the compounds were

identified by NMR, HR-MS, UV and IR spectral data. The present paper deals with the

isolation and structural elucidation of the three glucosides.
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2. Results and discussion

Compound 1 was isolated as aurantium amorphous powder. The HRESI-MS gave a

[M þ Na]þ ion peak at m/z 445.1096, indicating the molecular formula to be C20H22O10.

The [M-162 þ Na]þ ion peak atm/z 283.0589 in the secondary mass spectrum indicated that

the compound may be a glycoside and the sugar moiety a hexose. The hexose was elucidated

as glucose from the 1H NMR and 13C NMR spectra (see table 1) and GC analysis data.

The 13C NMR spectrum showed the presence of a glucose moiety at d 100.8, 77.2, 76.9, 73.4,

70.0 and 61.0. By considering the coupling constant of the anomeric proton, the glucose

moiety should be the b-anomor [2].

The IR and NMR spectra showed the presence of hydroxyl (3400 cm21) and conjugated

ketone (1617 cm21, d 192.7) functionality. In particular, the carbonyl absorption band at

1617 cm21 indicated that the carbonyl group should be connected to a conjugative system.

The UV spectrum of 1 exhibited characteristic absorption bands for benzene ring (207 and

249 nm) and carbonyl connection with a large conjugative system (290 nm).

The 1H NMR spectrum revealed the presence of six aromatic proton signals due to two

proton doublets at d 6.12 (J ¼ 1.92Hz) and 6.30 (J ¼ 1.92Hz) and an AA0BB0 system at d

6.80 and 7.57, and a methyl singlet at d 3.73. The chemical shift and coupling constant of the

aromatic protons indicated that there are two benzene rings, including a meta-substituted and

a para-substituted benzene ring. The meta-substituted benzene ring can be assigned for H-3

and H-5 (d 6.12 and 6.30, each 1H, d, J ¼ 1.92Hz) and the p-hydroxybenzoyl structure was

confirmed by the two coupled doublets: 2H each at d 6.80 and 7.57 (J ¼ 8.6Hz). After

exchanging with D2O, six proton signals (d 10.29 (1H), 9.70 (1H), 5.00 (1H), 4.95 (1H) and

4.55 (2H)), disappeared in the 1H NMR spectrum for compound 1, revealing the presence of

six hydroxyl groups in the molecule.

Table 1. 1H NMR and 13C NMR spectral data for compound 1.

dH (JHz) dC

1 110.8
2 156.5
3 6.12, d (1.92) 93.1
4 162.0
5 6.30, d (1.92) 95.3
6 156.3
7 192.7
10 130.0
20 7.57, d (8.64) 131.9
30 6.80, d (8.68) 115.1
40 161.2
50 6.80, d (8.68) 115.1
60 7.57, d (8.64) 131.9
100 4.79, d (7.90) 100.8
200 2.92, dd (7.90, 8.80) 73.4
300 3.18, dd (8.80, 9.20) 76.9
400 3.01, dd (9.20, 9.20) 70.0
500 3.28, m 77.4
600 3.69, m 61.0

3.39, m
–OCH3 3.73, s 55.3
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The 13C NMR spectrum of 1 revealed the presence of twenty carbon signals.

According to the chemical shifts, they are classified as four kinds of carbons: twelve benzene

carbons, one carbonyl carbon, six sugar carbons and a methoxyl carbon. The DEPT spectrum

confirmed the presence of one methyl, one methylene, 11 methenyl and seven quaternary

carbons.

From analysis of the 2D NMR spectrum, the structure of compound 1 was

deduced as 4,40-dihydroxy-2-methoxybenzophenone-6-O-b-D-glucopyranoside, named as

mahkoside A (figure 1). The HMBC correlations for compound 1 are shown in figure 2.

The correlations between H-100 and C-6, H-20, H-60 and C-7, as well as OCH3 and C-2

revealed the glucosylation at C6–OH functionality and the positions of carbonyl and

methoxyl groups.

The occurrence of 13C NMR shift value of anomeric carbon at d 73.3 and the large

coupling constant (J ¼ 9.8Hz) of the anomeric proton at d 4.59 of glucosyl moiety indicated

that the compound 2 is a C-b-glucoside. According to the data of literature [3–6], compound

2was identified as mangiferin (2), a xanthone-C-glycoside. The UV spectrum of compound 3

exhibited characteristic absorption bands of a flavone moiety at 267 and 342 nm. Comparing

with data of the literature [7–9], compound 3 was determined as kaempferol-3-O-b-D-

glucoside (3) (shown in figure 1).

Compounds 4–7, which are known but isolated for the first time from the title plant,

are dodecanoic acid (4) [10], palmitic acid (5) [11], ethyl stearate (6) [12] and sucrose (7)

[13]. Their structures were identified by spectral data and compared with authentic

samples.

Figure 1. Structure of compounds 1–3.
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3. Experimental

3.1 General experimental procedures

Melting points were determined on a (2F-2) apparatus and are uncorrected. IR spectra were

recorded on a Thermo Nicolet (IR200) Spectrometer with KBr pellets. The mass

spectrometry experiment was performed on a Waters Q-Tof micro hybrid quadrupole time-

of-flight mass spectrometer equipped with an ESI interface. UV spectra were measured on a

JASCO V-550 UV/VIS spectrophotometer in absolute MeOH. 1H NMR and 13C NMR

spectra were recorded at 400 and 100MHz, respectively, on a Brüker DPX-400 spectrometer

with TMS as internal standard and DMSO-d6 as solvent. Gas chromatography was carried

out on an Agilent 6890N equipped with a ChemStation system.

For the chromatographic column, the silica gel (200–300 mesh) was purchased from the

Qingdao Marine Chemical Company; the main chemical reagents, chloroform, ethyl acetate,

ethanol, methanol and other reagents, were analytic grade or laboratory grade, being

evaporated before used if necessary.

3.2 Plant material

Mahkota dewa plants were collected in Indonesia in October 2003, and identified by

Professor Zhang Wenhui of the College of Forestry, Northwest Science-Technology,

University of Agriculture and Forestry, China. A voucher specimen of the plant has been

deposited in the New Drug Research and Development Centre, Zhengzhou University,

Zhengzhou, China.

3.3 Extraction and isolation

The pit of M. dewa (3.2 kg), after being dried below 608C by vacuum drier and finely

powdered, was exhaustively extracted in 95% ethanol (industrial grade, 5 L) for two days; the

supernatant was concentrated in vacuo to yield a crude paste (35 g). Water (500ml) was

added to the crude paste and then extracted with chloroform and ethyl acetate, respectively.

The ethyl acetate extract was concentrated in vacuo to give a residue (6 g), which was

chromatographed on a silica gel column and eluted gradiently by the component solvent of

chloroform and ethanol. Compound 2 (35mg) was eluted with 6:1 chloroform and ethanol;

compound 3 (75mg) eluted with 4:1, and compound 1 (3180mg) eluted with 2:1 were
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Figure 2. Key HMBC correlations of compound 1.
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obtained, respectively. Compound 7 (21,000mg) was obtained from the water fraction in fair

crystal. Similarly, compounds 4–6 were isolated from the chloroform fraction by column

chromatography of silica gel eluted with chloroform.

3.4 Structure identification

3.4.1 Compound 1. Aurantium amorphous powder. mp 103–1058C. HRESI-MS: m/z

445.1096 [M þ Na]þ (calcd for C20H22O10Na, 445.1111). UV (MeOH) lmax: 207, 221, 224,

246, 290 nm. IR (KBr) nmax (cm
21): 3400–3200, 1617, 1511, 1437. 1H NMR (DMSO-d6):

d 7.57 (2H, d, J ¼ 8.64Hz, H-20, 60), 6.80 (2H, dd, J ¼ 8.68Hz, H-30,50), 6.30 (1H, d,

J ¼ 1.92Hz, H-5), 6.12 (1H, d, J ¼ 1.92Hz, H-3), 4.55–5.00 (5H, m, H-200,600). 13C NMR

(DMSO-d6): d 110.8 (C-1), 156.5 (C-2), 93.3 (C-3), 162.0 (C-4), 95.3 (C-5), 156.3 (C-6),

192.7 (C-7), 130.0 (C-10), 131.9 (C-20 or C-60), 115.1 (C-30 or C-50), 161.2 (C-40), 100.8

(C-100), 73.4 (C-200), 76.9 (C-300), 70.0 (C-400), 77.4 (C-500), 61.0 (C-600), 55.3 (OCH3). GC

analysis: Rt: 14.626, 14.799min.

3.4.2 Compound 2. Faint yellow powder, mp 2658C (decomposed). HRESI-MS: m/z

423.0938 [M þ H]þ (calcd for C18H18O11), 422.0849. UV (MeOH) lmax: 205, 220, 241, 250,

258, 315, 369 nm. IR (KBr) nmax (cm
21): 3413 (OH), 1645 (C ¼ O), 1618, 1595, 1505, 1320,

1083, 1040, 1025, 855.

3.4.3 Compound 3. Faint yellow powder, mp 2648C. HRESI-MS: m/z 447.0949 [M–H]2

(calcd for C21H20O11, 448.1006). UV (MeOH) lmax: 204, 221, 226, 267, 342 nm. IR (KBr)

nmax (cm
21): 3400–3200, 1658, 1603, 1493.
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