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ABSTRACT

In the present study, the chemical investigation of the seeds of A. reticulata L.
(Annonaceae) in Vietnam has resulted in the identification of four known compounds, including
two triterpenoids (rotundic acid (1), pedunculoside (2)), and two phenolic compounds
(eleutheroside B (3), sinapaldehyde glucoside (4). Their chemical structures were elucidated on
the basis of spectroscopic analysis, including homonuclear and heteronuclear correlation NMR
(*H-NMR, *C-NMR, COSY, HSQC, and HMBC) experiments.
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1. INTRODUCTION

The Annonagenus (Annonaceae) consists of about 119 species, most of which are shrubs
and trees widely distributed in the tropical and subtropical regions, including the Southeast Asia
countries. In Indian folk medicine, various species of Annona have been used as vermifuges, anti
inflammatory agents, in wound healing, as antimalarial agents and in the treatment of diarrhoea
and dysentery [1]. Seed, leaf, stem and roots of Annona reticulata L. are insecticidal,
antihelmenthic, suppurant and are used against inflammatory tumors. Leaf decoction is
used for nervous shock, indigestion and abdominal pain [2] and leaf paste is applied
externally for boils [3]. The phytochemical studies revealed that the plant contains
acetogenins, alkaloids, diterpenoids, triterpenoids, phytosterols, phenolic compounds and
flavonoids [4]. In the present study, we describe isolation and structural characterization of four
compounds, including two triterpenoids, rotundic acid (1), pedunculoside (2), and two phenlic
compounds eleutheroside B (3), sinapaldehyde glucoside (4). Their chemical structures were
established on the basis of physical, chemical and spectroscopic methods UV, IR, 1D (*H- and
3C) NMR and 2D (COSY, HSQC and HMBC) NMR spectrum, mass spectrometry (MS) and by
comparison with literature data.

2. MATERIALS AND METHODS

2.1. General procedures
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Melting points were determined using Yanagimoto MP-S3 apparatus. The UV spectra were
obtained on a Hitachi UV-3210 spectrophotometer, IR spectra (KBr) were obtained on a
Shimadzu FTIR-8501 spectrophotometer. The electrospray ionization- mass spectra (ESI-MS)
were determined using an Agilent 1200 LC-MSD Trap spectrometer. Silica gel 60F,s, was used
in thin layer chromatography analysis. *H and *C NMR, COSY, HMBC, HSQC, DEPT spectra
recorded on a Bruker Avance-500 spectrometer using tetramethylsilane (TMS) as internal
standard. Column chromatography (CC) was performed on silica gel (Kieselgel 60, 70-230
mesh and 230-400 mesh, E. Merck, Darmstadt, Germany). The compounds were visualized by
spraying with 10 % (v/v) H,SO, followed by heating at 110 °C for 10 min.

2.2. Plant materials

The seeds of Annona reticulata L. (Annonaceae) were collected during October 2010 in
Tien Giang, Vietnam. The plant materials were identified and authenticated by Dr. Tran Huy
Thai, Institute of Ecology and Biological Resources, Vietnam Academy of Science and
Technology. A voucher specimen (Viet-TSWu-20101015) was deposited at the Herbarium of
the Vinh University.

2.3. Extraction and Isolation

The air-dried and powdered seeds of A. reticulata L. (3.0 kg) were soaked with methanol (5
L x 3) at room temperature (7 days), and the combined extracts were concentrated under reduced
pressure to give deep brown syrup (184.0 g). The crude extract was suspended into water (1 L)
and partitioned with n-hexane (1 L x 3), ethyl acetate (1 L x 5), and n-butanol (1 L x 3 times),
successively to afford hexane (10.0 g), ethyl acetate (94.5 g), butanol (12.0 g), and water
solubles fractions, respectively.

The ethyl acetate fraction was applied to silica gel column chromatography with n-hexane
and acetone gradients (50:1 to 2:1) to afford eight fractions. Fraction 3 (4.7 g) was subjected to
silica gel column chromatography eluted with n-hexane : ethyl acetate (8:1; 6:1 and 4:1) to
afford eleutheroside B (3), sinapaldehyde glucoside (4). Fraction 5 (3.4 g) was subjected to silica
gel column chromatography eluted with dichloromethane : methanol (10 :1 and 7 :1) to afford
rotundic acid (1), pedunculoside (2).

Rotundic acid (1): white needles; mp 272-273°C; UVAma°" (nm ): 195, 275, 219;
IRVmax2cm™: 3566, 3627, 3649 (OH), 1700 (C=0), 1615 (C=C); ‘H-NMR (500 MHz, CD;0D)
8 (ppm): 5.31 (1H, t, J = 3.0 Hz, H-12), 3.63 (1H, dd, J = 11.5, 4.5 Hz, H-3), 3.55 (1H, d, J =
11,0 Hz, H-23), 3.31 (1H, d, J = 11,0 Hz, H-23), 2.59 (1H, dt, J = 11.5, 4.5 Hz, H-16), 2.52 (1H,
br s, H-18), 2.0 (2H, m, H-11), 1.83 (1H, m, H-15), 1.78 (1H, m, H-9), 1.76 (4H, m, H-21,22),
1.67 (1H, m, H-7), 1.64 (1H, m, H-1), 1.53 (1H, dt, J = 11.5, 4.5 Hz, H-16), 1.46 (2H, m, H-6),
1.39 (1H, m, H-20), 1.36 (3H, s, H-27), 1.30 (1H,m, H-7), 1.21 (3H, s, H-29), 1.18 (1H, m, H-5),
1.03 (1H, m, H-1), 1,0 (3H, s, H-25), 0.95 (3H, d, J = 7,0 Hz, H-30), 0.82 (3H, s, H-26), 0.74
(3H, s, H-24); *C-NMR (125 MHz, CD;0D) & (ppm): 182.3 (C-28), 140.0 (C-13), 129.5 (C-12),
74.2(C-3), 73.6 (C-19), 67.6 (C-23), 55.1 (C-18), 48.9 (C-5), 49.1 (C-17), 48.5 (C-9), 43.3 (C-4),
43.1 (C-20), 42.7 (C-14), 41.0 (C-8), 39.5 (C-1), 39.0 (C-22), 37.9 (C-10), 33.7 (C-7), 29.6 (C-
15), 27.4 (C-2), 27.3 (C-21), 27.1 (C-29), 26.6 (16), 24.9 (C-27), 24.7 (C-11), 19.2 (C-6), 17.5
(C-26), 16.6 (C-30), 16.3 (C-25), 12.7 (C-24); ESI-MS m/z 489 [M+H]".

Pedunculoside (2): white needles; mp 213 — 214°C; UV Ao ™™ nm: 219, 199, 275;
IRVmax 2" cm™: 3390 (OH), 1702 (C=0), 1612 (C=C); 'H-NMR (500 MHz, CD;0D) & (ppm):
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5.35 (1H, br s, H-1"), 5.33 (1H, br s, H-12), 3.81 (1H, dd, J = 12.0, 2.0 Hz, H-6), 3.70 (1H, dd,
J =120, 45 Hz, H-6"), 3.63 (1H, dd, J = 11.5, 4.5 Hz, H-3), 3.55 (1H, d, J = 10.5 Hz, H-23),
3.42 (1H, m, H-5"), 3.38 (1H, m, H-4"), 3.35 (1H, m, H-2"), 3.34 (1H, m, H-3), 3.31 (1H, d, J =
10.5 Hz, H-23), 2.62 (1H, dt, J = 11.5, 4.5 Hz, H-16), 2.53 (1H, br s, H-18), 2.0 (2H, m, H-11),
1.86 (1H, m, H-15), 1.82 (1H, m, H-22), 1.77 (1H, m, H-21), 1.74 (1H, m, H-9), 1.67 (2H, m, H-
1,7), 1.65 (2H, m, H-16,22), 1.64 (2H, m, H-2), 1.46 (2H, m, H-6), 1.39 (1H, m, H-20), 1.35 (3H,
s, H-27), 1.30 (1H, m, H-7), 1.28 (1H, m, H-21), 1.22 (3H, s, H-29), 1.18 (1H, m, H-5), 1.02
(1H, m, H-1), 1.0 (3H, s, H-25), 1.0 (1H, m, H-15), 0.95 (3H, d, J = 7.0 Hz, H-30), 0.8 (3H, s, H-
26), 0.73 (3H, s, H-24); ®C-NMR (125 MHz, CD;0D) & (ppm): 177.9 (C-28); 140.2 (C-13),
129.4 (C-12), 95.8 (C-1°), 80.2 (C-5), 79.9 (C-3"), 75.0 (C-2°), 74.2 (C-3) 73.7 (C-19), 72.2 (C-
4%), 67.6 (C-23), 62.5 (C-6"), 55.0 (C-18), 49.5 (C-17), 49.0 (C-5), 48.5 (C-9), 43.3 (C-4), 42.9
(C-20), 42.7 (C-14), 41.2 (C-8), 39.6 (C-1), 38.3 (C-22), 37.9 (C-10), 33.7 (C-7), 29.7 (C-15),
27.4 (C-2), 27.2 (C-21), 27.1 (C-29), 26.5 (C-16), 24.7 (C-27), 24.7 (C-11), 19.3 (C-16), 17.7
(C-26), 16.6 (C-30), 16.3 (C-25), 12.7 (C-24); HR-ESI-MS m/z: 673.3923 [M+Na]".

Eleutheroside B (3): White amorphous; mp 191-192°C; UV (MeOH) Amax (NM): 220, 264;
IRvma " cm™: 3560, 3380, 1650, 1510, 1465; ESI-MS m/z 395 [M+Na]*. *H and *C-NMR
spectra data in Table 1.

Sinapaldehyde glucoside (4): white powder; UV Amax (nM): 205, 238, 315; IR vyax o :
3420, 1683, 1506; HR-ESI-MS: m/z 371.1282 [M+H]". *H and BC-NMR spectra data in Table 1.

3. RESULTS AND DISCUSSION

Compound 1 was isolated as white needles and its mass spectral data suggested the
molecular formula as C3yH,s0s. The IR spectrum showed absorption peaks in the region (3649 -
3566) cm™ indicating the presence of hydroxyl groups (-OH). The absorption band at 1720 cm™
indicated the presence of (C=0) stretching. The absorption band at 1615 cm™ indicated the
presence of (C=C) stretching. The *H-NMR spectrum showed resonance signals of olefinic
proton at 6y 5.31 (1H, t, J = 3.0 Hz, H-12), a proton of oxymethine group at 8y 3,63 (1H, dd, J =
11.5, 4.5 Hz, H-3) and two methylene protons of —-CH,OH group at &4 3.55 (1H, d, J = 11.0,
H.-23), 3.31 (1H, d, J =11.0, H,-23), presence of five methyl signals appeared as singlets
signals at 1.36 (H-27), 1.21 (H-29), 1.0 (H-25), 0.82 (H-26), 0.74 (H-24) and presence of a
methyl signal appeared as doublet at 0,95 (3H, d, J = 7.0 Hz, H-30). The **C-NMR spectrum
showed the presence of thirty carbon signals including a resonance signal of carbonyl carbon at
8¢ 178.9, two olefinic carbons at 6¢ 126.8, 138.6 and three oxigenated at ¢ 73.6 (C-19), 74.2 (C-
3), 67,6 (C-23). The HMBC spectrum showed *J-HMBC correlations between H-23 to C-24, H-
24 to C-3, H-24 to C-5 and H-23 to C-3; 2J-HMBC correlations between H-23 and H-24 to C-4;
$J-HMBC correlations between H-18 to C-12 and C-28. A careful comparison of the obtained
NMR data of 1 with the literature [5], allowed us to identify 1 as a rotundic acid.

Compound 2 was isolated as white needles and its mass spectral data suggested the
molecular formula as CzsHsgO10. Its IR spectrum showed absorption peaks in the region 3390
cm™ indicating the presence of hydroxyl groups (-OH). The absorption bands at 1720 cm™
indicated the presence of (C=0) stretching. The absorption band at 1615 cm™ indicated the
presence of (C=C) stretching. A careful comparison of the MS, IR, NMR data obtained for 2
with the 1 displayed that 2 was ester of 1 with one B-glucosyl unit. The carbon signals of the
sugar moiety at ¢ 95.8 (C-17), 80.2 (C-5”), 79.9 (C-3%), 75.0 (C-2’), 72.2 (C-4’) and 62.5 (C-6")
were well consistent with those of glucose. The location of the g-glucosyl unit was determined
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by ®J-HMBC correlations between H-1> to C-28. A careful comparison of the NMR data
obtained for 2 with the literature [6] indicated that 2 was pedunculoside.

Pedunculoside (2)
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OH
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Eleutheroside B (3) Sinapaldehyde glucoside (4)

Figure 1. Significant HMBC of compounds 1-4.

Compound 3 was isolated as white amorphous powder and its mass spectral data
suggested the molecular formula as Ci7H»Os. The 'H-NMR spectrum of 3 indicated the
presence of a glucose moiety at oy 3.03 to 3.59, an anomeric proton at 6y 4.9 (1H, d, J = 7.5 Hz,
H-1"), and phenylpropanoid skeleton at &y 6.33 (1H, dt, J = 16.0, 5.0 Hz, H-8), 6.46 (1H, d, J =
16.0 Hz, H-7), and 4.1 (2H, br s, H-9). The coupling constant of J = 16.0 Hz was attributable to
one pair of trans protons which is the hallmark of cinnamic acid derivatives, m-substituted
aromatic ring system signals were observed at 6y 6.72 (2H, s, H-2 and H-6), and two O-methyl
groups were revealed at 3.76 (6H, s, 3- and 5-OCHj). In the **C NMR data, an anomeric carbon
signal at 8¢ 102.6 (C- 1') and the peaks derived from a glucose moiety between 6¢c 60.9 (C-6")
and 77.2 (C-5') were confirmed. The signal at &c 56.4 (3,5-OCHs) indicated two O-methyl
carbons. On the basis of the *H and *C NMR data, compound 3 was assumed as eleutheroside B
(syringin) and belongs to the phenylpropanoid glucosides [7].

Compound 4 was isolated as a white powder. The molecular formula of 4 was established
as Cy7H,,09. Compounds 3 and 4 have similar structural signals. Comparison of the 'H-
NMR, *C-NMR, HMBC spectra between 3 and 4 displayed that the CH,OH (C-9) group was
oxidized to aldehyde (84 9.66 (1H, d, J = 7.5 Hz) and 6¢ 196.0) and these were also supported
of determining the molecular formula. Thus, the structure of 4 was assigned as sinapaldehyde
glucoside that was consistent to the reported literature values of [8].
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Table 1. *H and *C-NMR spectra data of compounds 3 (DMSO-dg) and 4 (CD;0D).

Compound 3 Compound 4
No DEPT 8¢ Sn DEPT & Sn
1 Cc 132.7 C 132.0
2 CH 104.5 6.72 (LH, s) CH 107.8 7.06 (1H,s)
3 152.7 C 155.1
4 133.9 C 138.8
5 152.7 C 155.1
6 CH 104.5 6.72 (1H, s) CH 1078 7.06 (1H, s)
7 CH 128.5 6.46 (1H, d, 16.0 Hz) CH 154.7 7.63 (1H, d, J =16.0 Hz)
8 CH 130.2 6.33(1H,d,16.0Hz) | CH 1292 6.73(1H, dd, J=16.0, 8.0 Hz)
9 CH, 61.5 4.10 (2H, brs) CHO 196.0 9.66 (1H, d, J=7.5Hz)
OCH;  56.4 3.76 (6H, s) OCH; 571 3.92 (6H, 9)
r CH 102.6 4.90 (1H, d, 7.5 Hz) CH 104.7 5.06 (1H, d, J=7.5Hz)
2’ CH 74.2 3.20 (1H, m) CH 779 3.45 (1H, m)
3 CH 76.6 3.19 (1H, m) CH 757 3.52 (1H, m)
4  CH 70.0 3.14 (1H, m) CH 713 3.44 (1H, m)
5 CH 77.2 3.03 (1H, m) CH 785 3.26 (1H, m)
- 509 3.59 (1H, m) CH, 625 3.80 (1H, dd, J = 12.0, 2.0 Hz)
3.42 (1H, m) 3.68 (1H, dd, J = 12.0, 5.5 Hz)

4. CONCLUSION

Four compounds were isolated and characterized from the seeds of A. reticulata L.

including two triterpenoids, rotundic acid (1), pedunculoside (2), and two phenlic compounds
eleutheroside B (3), sinapaldehyde glucoside (4).
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TOM TAT

THANH PHAN HOA HQC CUA HAT BINH BAT (ANNONA RETICULATA L.)
O VIET NAM

Nguyén Huy Hung
Khoa Hoa hoc, Truong Dai hoc Vinh, 182, Lé Dudn, Thanh ph5 Vinh, Tinh Nghé An

Email: huyhung2602@gmail.com

Tu hat binh bat (A. reticulata L.) da phén lap duoc bbn ‘hop chat gém hai hop chat

triterpenoid gdom rotundic acid (1), pedunculoside (2); hai hop chit phenolic gdom eleutheroside
B (3), sinapaldehyde glucoside (4). Cau trac ctia cac hop chét nay dwoc xac dinh dua trén sy két
hop nhiéu phuong phap pho, bao gom UV, IR, MS, NMR (*H-NMR, *C-NMR, COSY, HSQC
va HMBC).

Twr khoa: Annona reticulata, Annonaceae, triterpenoids, phenolic.
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