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Abstract. Although the genus Melia of the Meliaceae family contains about five poorly defined
species in the old-world tropics, almost every part of the plants of this genus are used as
traditional herbal medicines, such as being anthelmintics, for the treatment of leprosy, eczema,
asthma, malaria, fevers, and venereal diseases, as well as cholelithiasis, acariasis, and pain. The
genus Melia is well-known as a rich and valuable source of bioactive limonoids. The genus
Melia has 3 species (M. azedarach, M. dubia, and M. toosendan) in Viet Nam. Melia dubia Cav.
has been shown to be a source of interesting tetranortriterpenoids. In addition, it is well known
for its traditional medicinal properties and other biological activities such as insect or larval
growth inhibition and as an antifeedant. Therefore, Melia dubia has been used to anti-insect and
larval in agriculture in recent days. A phytochemical study from fruits of Melia dubia Cav.
collected in Quy Hop, Nghe An province led to the isolation of three secondary metabolites,
including 21a-O-methylmelianodiol (1), 21p-O-methylmelianodiol (2) and (21S,23R,24R)-
21,23-epoxy-24-hydroxy-214-methoxytirucalla-7,25-dien-3-one (3). The chemical structures of
these compounds were determined based on 1D-, 2D- NMR, UV, IR, and MS analytical results
and compared with reported data. All three compounds (1-3) were isolated from this plant for
the first time.

Keywords: Melia dubia, limonoid, 21a-O-methylmelianodiol, 215-O-methylmelianodiol, (21S,23R,24R)-
21,23-epoxy-24-hydroxy-214-methoxytirucalla-7,25-dien-3-one.
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1. INTRODUCTION

Although the genus Melia of the Meliaceae family contains about five poorly defined
species in the old world tropics, almost every part of the plants of this genus are used as
traditional herbal medicines, such as being anthelmintics, for the treatment of leprosy, eczema,
asthma, malaria, fevers, and venereal diseases, as well as cholelithiasis, acariasis, and pain [1, 2].
The genus Melia is well-known as a rich and valuable source of bioactive limonoids [3]. The
genus Melia has 3 species (M. azedarach, M. dubia, and M. toosendan) in Viet Nam [4, 5].
Therein, M. dubia Cav. is listed as a synonym of Melia azedarach L., it is not clear they are the
same species or different. Therefore, M. dubia and M. azedarach were analyzed by DNA
barcoding. The results based on Bayesian analysis of the concatenated dataset strongly support
the view that M. dubia be considered a distinct species; not a synonym of M. azedarach [6].

Melia dubia is well known as a high tree in the Ghat forests of India and is generally
termed the giant neem [7, 8]. The tree enjoys a broad geographical distribution (e.g., in Viet
Nam, Indonesia and Philippines) and is well known for its traditional medicinal properties and
other biological activities such as insect or larval growth inhibition and as an antifeedant [8]. M.
dubia has been shown to be a source of interesting tetranortriterpenoids [9, 10]. However, to our
knowledge, there are no documents on phytochemical research of fruits of M. dubia in Viet
Nam. In this study, three triterpenoids such as 21a-O-methylmelianodiol (1), 21p-O-
methylmelianodiol (2) and (21S,23R,24R)-21,23-epoxy-24-hydroxy-213-methoxytirucalla-7,25-
dien-3-one (3) have been isolated from fruits of M. dubia.

2. MATERIALS AND METHODS
2.1. General

Melting points were measured using Yanagimoto MP-S3 apparatus without corrections.
Optical rotations were determined using a JASCO DIP-370 polarimeter. The UV spectra were
obtained on an Agilent UV-3210 spectrophotometer and IR spectra were recorded on a Bruker
FTIR-8501 spectrophotometer. *H- and **C-NMR, DEPT, COSY, NOESY, HSQC, and HMBC
spectra were recorded on the Bruker AV-IIl 500 NMR spectrometer, with tetramethylsilane
(TMS) as the internal standard and chemical shifts were reported in & values (ppm). The
electrospray ionization mass spectra (ESI-MS) were measured using an Agilent 1200 LC-MSD
Trap spectrometer. Column chromatography (CC) was performed on silica gel (Kieselgel 60, 70-
230 mesh and 230 - 400 mesh, E. Merck). The preparative HPLC was conducted on an Agilent
218 Purification System. Thin-layer chromatography (TLC) was conducted on precoated
Kieselgel 60 F 254 plates (Merck) and the compounds were visualized by spraying with 10 %
(v/v) H,SO, followed by heating at 110 °C for 10 min.

2.2. Plant material

The fruits of Melia dubia Cav. were collected in Quy Hop, Nghe An province, Viet Nam,
in July 2018 and identified by Dr. Nguyen Quoc Binh, Vietnam National Museum of Nature,
VAST. A voucher specimen (TDT-20180718) was deposited at the Herbarium of the School of
Chemistry, Biology and Environment, Vinh University, Viet Nam.

2.3. Extraction and isolation
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The dried fruits powder of Melia dubia (4.5 kg) was extracted with methanol at ambient
temperature for five times, and total methanolic extract was evaporated under reduced pressure
to give the crude methanolic extract (854.0 g). After that, the methanolic extract was suspended
in water and partitioned successively with n-hexane, ethyl acetate and n-butanol to afford n-
hexane (MDH-68.0 g), ethyl acetate (MDE-272.0 g), n-butanol extracts (MDB-133.0 g) and a
water-soluble fraction (80.0 g), respectively. The ethyl acetate extract (272.0 g) was applied to
silica gel column chromatography and was eluted by a mixture of chloroform/methanol with
gradient 100:0, 50:1, 30:1, 20:1, 10:1, 5:1, 2:1, 1:1 to afford ten fractions (Frs. F1-F10). Fraction
F2 (16.5 g) was subjected to silica gel column chromatography (150.0 g, 80 x 2 cm) eluting with
a mixture of n-hexane/acetone 15:1 to obtain six fractions (Frs. F2.1-F2.6). Fraction F2.1 (2.5 g)
was subjected to silica gel column chromatography (300 g, 80 x 3 cm) eluting with a mixture of
n-hexane/acetone (7:1) to give compound 3 (21.0 mg). Fraction F2.2 (0.2 g) was separated by
preparative HPLC (MeOH/H,0, 80:40 to 90:10, 10 min, 16 ml min") to afford compound 1
(15.0 mg) and 2 (12.0 mg).

Compound 1: 21a-O-Methylmelianodiol (1) White powder; [o]p™® = -98.4 (¢ = 0.1,
CHCI3); UV (CHCl3) Amax 242 nm; IR (KBr) cm™: 3505, 2953, 1707, 1468, 1386, 1099, 1037;
'H-NMR (500 MHz) and *CNMR (125 MHz), see Table 1; ESI-MS (positive ion mode) m/z:
503.4 [M+H]".

Compound 2: 214-O-Methylmelianodiol (2) White powder; [a]p™ = -12.9 (¢ = 0.1,
CHCIs3); UV (CHCl3) Amax 242 nm; IR (KBr) cm™: 3444, 2952, 1707, 1467, 1385, 1093; 'H-
NMR (500 MHz) and *C-NMR (125 MHz), see Table 1; ESI-MS (positive ion mode) m/z:
503.4 [M+H]".

Compound 3: (21S,23R,24R)-21,23-epoxy-24-hydroxy-214-methoxytirucalla-7,25-dien-3-
one (3). White needles (MeOH). m.p. 148 — 150°C. [a]p™ = -12.4 (c = 0.1, CDCls). IR (KBr)
cm: 3447 (OH), 2950, 1714 (C=0), 1453, 1385, 1365, 1092, 986. 'H- and *C-NMR: see
Tables 1. ESI-MS m/z: 507.3 [M+Na]".

3. RESULTS AND DISCUSSION

Compound 1 was obtained as a white amorphous powder. A molecular formula of 1
(C31Hs00s) was assigned on the basis of its ESI-MS, **C-NMR and DEPT spectral data. The *H-
NMR, *C-NMR and DEPT spectra of 1 (Table 1) displayed characteristic signals for seven
methyl groups at d¢n 23.1/C-18, 0.90/H;-18; 13.1/C-19, 1.07/H;-19; 20.8/C-26, 1.20/H;-26;
22.6/C-27, 1.26/H;-27; 22.0/C-28, 1.15/H;-28; 25.1/C-29, 1.05/H3-29 and 27.8/C-30, 1.08/H;-
30, a methoxy group at d¢n 55.6/3.37, three oxygenated methine groups at dcy 110.2/C-21,
4.79/H-21; 76.6/C-23, 4.19/H-23; 76.9/C-24, 3.24/H-24, an olefinic bond at dcn 119.3/C-7,
5.37/H-7; 147.1/C-8, and several overlapping protons for other aliphatic methines and
methylenes. Besides, based on the *C-NMR chemical shifts, it was apparent that a saturated
carbonyl ketone at d¢c 219.2/C-3 and an oxygenated tertiary carbon at Jc 78.7/C-25 were present
in the molecule of 1. All of the above-mentioned NMR observations suggested that compound 1
is a triterpene possessing one methoxy group. The locations of seven methyl groups were
assigned at C-4, C-10, C-13, C-14 and C-25 on the basis of the HMBC correlations seen in Fig.
1. Also, the presence of a tetrahydrofuran ring in the side chain was assigned based on the
observed correlations in its 2D NMR (*H-*H COSY, HMQC and HMBC) spectra.
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Figure 1. Chemical structures and NOESY, HMBC correlations of 1-3.

Table 1. The NMR data of compounds 1-2 in CD;0D, compounds 3 in CDCls, 500 MHz for *H- and
125 MHz for *C-NMR.

Posit Compound 1 Compound 2 Compound 3
osition oC oH (in Hz) oC SH (Jin Hz) oC SH (Jin Hz)

147m 1.48 m 1.98-2.01m

1 39.6 205 m 39.6 205 m 38.5
2.23m 2.22m

2 363 2.89 dt (14.5,5.5) 363 2.89 dt (14.5,5.5) 341 1.28-135m

3 219.2 - 219.2 - 216.8 -

4 48.7 - 48.7 - 47.9 -

5 53.9 1.77m 54.0 1.78 m 52.4 1.70-1.76 m

6 25.4 214 m 25.4 2.13m 24.4 2.03-2.01 m

7 119.3 5.37 brd (3.5) 119.3 5.37 brd (3.0) 118.2 5.31d (3.0)

8 147.0 - 147.0 - 145.6 -

9 49.8 2.39m 49.8 2.39m 48.3 2.31-2.36 m

10 36.9 - 35.9 - 35.1 -

11 18.9 1.68 m 18.9 1.67m 17.8 1.53-1.57 m
154 m 1.53 m

12 32.9 186m 325 194m 31.7 1.66-1.70 m

13 449 - 44.8 - 43.7 -

14 52.2 - 52.0 - 50.5 -
2.86m 2.84m

15 35.9 223 m 35.4 220m 34.9 1.47-155m
1.36 m 1.39m

16 28.4 197 m 28.3 1o4am 275 1.03s

17 51.8 1.84m 48.0 1.98 m 45.1 2.19-2.23 m
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18 23.1 0.90s 23.6 0.90s 22.6 0.86 s
19 13.1 1.07s 13.1 1.07 s 12.8 111s
20 48.5 2.15m 46.5 2.08 m 48.6 1.99-2.06 m
21 110.2 4.79brs 106.0 4.75brs 108.7 4.72 d (3.5)
1.61m 1.75m
22 35.0 1.96m 33.9 196m 33.8 1.85-1.94 m
23 76.9 4.19brs 79.6 433brs 78.7 4.16-4.18 m
24 76.6 3.24brs 78.3 3.32brs 78.3 3.86d (4.0)
25 78.7 - 78.5 - 1445 -
26 26.8 1.20s 26.7 1.19s 113.3 5.01s
27 26.6 1.26s 26.4 1.24s 18.2 1.76s
28 22.0 1.15s 22.0 1.15s 24.5 1.04s
29 25.1 1.05s 25.1 1.05s 21.6 1.11s
30 27.8 1.08s 28.0 1.07s 27.3 1.01s
21-OCHj,4 55.6 3.37s 55.1 3.36s 55.5 3.35s

The side chain possessing tetrahydrofuran ring in compound 1 was found to be similar to
that of holstinone A [11], the 21-methoxy group analogue of melianodiol [12]. Furthermore, the
NOESY correlations between OMe-21 and H-23 (64 3.37/4.19), OMe-21/H-23 (64 3.37/4.79)
also showed the relative configuration of the methoxy group at C-21 in the a-orientation with
respect to the tetrahydrofuran ring. Based on ESI-MS, 'H-, *C-NMR, DEPT, 'H-'H COSY,
NOESY, HSQC and HMBC spectral data and comparison with the reported spectral data of 21a-
O-methylmelianodiol [13], compound 1 had been identified as 21a-O-methylmelianodiol.

Compound 2 was isolated as a white powder. The ESI-MS of 2 determined the molecular
formula C;;Hs00s, which is the same as that of 1. Both the *H- and **C-NMR spectroscopic data
of compound 2 (Table 1) were comparable to those of 1, suggesting it was also a triterpene
possessing a methoxy group. The gross structure of compound 2 was assigned in the same way
as that of compound 1 based on the observed correlations in its 2D NMR (*H-'H COSY, HSQC
and HMBC) spectra. The same correlations as that of 1 were observed in the HMBC spectrum of
2 (Fig. 1). However, the signals for C-17 and C-21 were relatively upfield at oc 48.0 and 106.0,
while the signal for C-23 was downfield at dc 79.6, suggesting a y-gauche effect of the
oxygenated substituent on C-21p5 [14]. Additionally, in contrast to compound 1, the NOESY
correlation between OMe-21 and H-23 (Jy 3.37/4.19) was not observed in its NOESY
experiment. Therefore, the relative configuration of the methoxy group at C-21 in compound 2
was assigned as a 215. Based on the above spectral evidence and comparison of these data with
those in the literatures [13], the structure of 2 was elucidated as 214-O-methylmelianodiol.

Compound 3 was attributed to molecular formula Cs;H404 by ESI-MS giving m/z 507.3
([IM+Na]"). The optical rotation of 3 is the same with those reported of compound in the
literatures [15]. The *H-NMR and *C-NMR signals of 3 typical for the tirucallane triterpenoids
showed six methyl groups at dc 22.6/C-18, 0.86/H5-18; 12.8/C-19, 1.01/H;-19; 18.2/C-27,
0.85/H3-27; 24.5/C-28, 1.04/H3-28; 21.6/C-29, 1.11/H;-29; 27.3/C-30, 1.01/H;-30, a methoxy
group at ¢y 55.5/3.35/ OCHjs, nine methylenes at dcy 38.5/C-1, 1.98-2.01/H,-1; 34.7/C-2, 1.28-
1.35/H,-25; 24.4/C-6, 2.03-2.10/H,-6; 17.8/C-11, 1.53-1.57/H,-11; 31.7/ C-12, 1.66-1.70/H,-12;
34.9/C-15, 1.47-1.55/H,-15; 27.5/C-16, 1.03/H,-16; 33.8/C-22, 1.85-1.94/H,-22 and a terminal
olefinic ethylene at d¢y 113.3/ C-26, 4.91-5.01/H,-26; eight methine groups at ¢y 52.4/C-5,
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1.70-1.76/H-5; 118.2/C-7, 5.31/H-7; 48.3/C-9, 2.31-2.36/H-9; 45.1/C-17, 2.19-2.23/H-17,
48.6/C-20, 1.99-2.06/H-20; 108.7/C-21, 4.72/H-21; 33.8/C-22, 1.85-1.94/H-22; 78.7/C-23,
4.16-4.18/H-23; 78.3/C-24, 3.86/H-24, six quaternary carbons at ocy 47.9/C-4; 35.1/C-10;
43.7/C-13; 50.5/C-14; 145.6/C-8; 145.6/C-25 and a carbonyl ketone group at dc 216.8/C-3. The
main HMBC correlations of 3 were showed in Fig. 1. The configuration at C-24 for 3 was
determined by comparison of the NMR spectral data with those reported of (21S,23R,24R)-
21,23-epoxy-24-hydroxy-21p-methoxytirucalla-7,25-dien-3-one in the literatures [15]. Based on
the spectral evidence the structure of 3 was elucidated as (21S,23R,24R)-21,23-epoxy-24-
hydroxy-214-methoxytirucalla-7,25-dien-3-one [15].

4. CONCLUSIONS

From the methanolic extract of Melia dubia fruits collected in Nghe An province, three
compounds were isolated and structurally elucidated as 21a-O-methylmelianodiol (1), 215-O-
methylmelianodiol (2), and (21S,23R,24R)-21,23-epoxy-24-hydroxy-214-methoxytirucalla-7,25-
dien-3-one (3). All three compounds (1-3) were isolated for the first time from this plant.
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