
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ganp20

Download by: [Kunming Institute of Botany] Date: 17 March 2016, At: 23:34

Journal of Asian Natural Products Research

ISSN: 1028-6020 (Print) 1477-2213 (Online) Journal homepage: http://www.tandfonline.com/loi/ganp20

Three new iridoids from two Viburnum species

Min Fan, Yu-Cheng Liu, Wei-Wei Jiang, Jia Su, Xing-De Wu, Li-Yan Peng, Xiao
Cheng, Juan He & Qin-Shi Zhao

To cite this article: Min Fan, Yu-Cheng Liu, Wei-Wei Jiang, Jia Su, Xing-De Wu, Li-Yan Peng, Xiao
Cheng, Juan He & Qin-Shi Zhao (2015) Three new iridoids from two Viburnum species, Journal
of Asian Natural Products Research, 17:10, 976-981, DOI: 10.1080/10286020.2015.1042870

To link to this article:  http://dx.doi.org/10.1080/10286020.2015.1042870

Published online: 19 Aug 2015.

Submit your article to this journal 

Article views: 95

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ganp20
http://www.tandfonline.com/loi/ganp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10286020.2015.1042870
http://dx.doi.org/10.1080/10286020.2015.1042870
http://www.tandfonline.com/action/authorSubmission?journalCode=ganp20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ganp20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10286020.2015.1042870
http://www.tandfonline.com/doi/mlt/10.1080/10286020.2015.1042870
http://crossmark.crossref.org/dialog/?doi=10.1080/10286020.2015.1042870&domain=pdf&date_stamp=2015-08-19
http://crossmark.crossref.org/dialog/?doi=10.1080/10286020.2015.1042870&domain=pdf&date_stamp=2015-08-19


Three new iridoids from two Viburnum species

Min Fanab, Yu-Cheng Liuab, Wei-Wei Jiangab, Jia Sua, Xing-De Wua, Li-Yan Penga,

Xiao Chenga, Juan Hea* and Qin-Shi Zhaoa*

aState Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of
Botany, Chinese Academy of Sciences, Kunming 650204, China; bUniversity of the Chinese

Academy of Sciences, Beijing 100049, China

(Received 22 December 2014; final version received 16 April 2015)

Three new iridoids, 10-deacetyl suspensolide A aglycone (1), 7-deacetyl suspensolide
A aglycone (2), and 7,10-dideacetyl suspensolide A aglycone (3), were isolated from
two species of Viburnum. Their structures were elucidated on the basis of spectroscopic
methods, including 1D and 2D NMR techniques. Compound 2 exhibited moderate anti-
inflammatory activity against NO production in LPS-stimulated RAW 264.7 cells with
IC50 of 17.2mM.

Keywords: Viburnum; iridoids; 10-deacetyl suspensolide A aglycone; 7-deacetyl
suspensolide A aglycone; 7; 10-dideacetyl suspensolide A aglycone

1. Introduction

The genus Viburnum (Caprifoliaceae),

including over 200 species of shrubs or

trees, is widely distributed in subtropical

and warm temperate regions. Some

species are used as folk medicines for a

long time to treat different kinds of

diseases. In our previous research on this

genus, two unprecedented tetranorvibsane-

type diterpenoids, vibsatins A and B [1],

some phenolic glucosides [2], lignans [3],

and dammarane triterpenoids [4] were

reported. To search for more bioactive

compounds from Viburnum species, we

have studied the branches and leaves of

V. odoratissimum Ker-Gawl. and

V. corylifolium J. D. Hooker et Thomson,

which led to the isolation of three new

iridoids, 10-deacetyl suspensolide A agly-

cone (1), 7-deacetyl suspensolide A

aglycone (2), and 7,10-dideacetyl suspen-

solide A aglycone (3) (Figure 1), together

with 11 known compounds, vibsanin B (4)

[5], vibsanol A (5) [6], vibsanin C (6) [5],
viburtinoside A (7) [7], viburtinoside B (8)

[7], pinoresinol (9) [8] a-onocerin (10) [9],
3-O-b-D-glucopyranosylkaempferol (11)
[10], berchemol (12) [11], sitostane-

3b,5a,6b-triol (13) [12], and quercetin-3-

O-rhamnoside (14) [13]. Compounds 1–3

were tested for their anti-inflammatory

activity and only compound 2 exhibited

moderate anti-inflammatory activity.

Herein, the isolation and structure elucida-

tion of the three isolated compounds are

described.

2. Results and discussion

Compound 1 (½a�26:0D –77.3), isolated as

colorless oil, had a molecular formula of

C17H26O8 deduced from the HR-EI-MS at

m/z 393.1313 [M þ Cl]2, corresponding

to five degrees of unsaturation. The IR

spectrum showed absorption bands for

hydroxyl (3424 cm21) and carbonyl

(1736 cm21) groups. Analysis of the 1H

and 13C NMR spectroscopic data indicated

the existence of 17 carbons due to four

quaternary carbons, six tertiary carbons,

q 2015 Taylor & Francis

*Corresponding author. Email: qinshizhao@mail.kib.ac.cn

Journal of Asian Natural Products Research, 2015

http://dx.doi.org/10.1080/10286020.2015.1042870Vol. 17, No. 10, 976–981,

D
ow

nl
oa

de
d 

by
 [

K
un

m
in

g 
In

st
itu

te
 o

f 
B

ot
an

y]
 a

t 2
3:

34
 1

7 
M

ar
ch

 2
01

6 

mailto:qinshizhao@mail.kib.ac.cn
mailto:qinshizhao@mail.kib.ac.cn
http://dx.doi.org/10.1080/10286020.2015.1042870


four methylenes, and three methyl groups

(Table 1). Among them, an acetyl group

[dH 2.14 (3H, s); dC 21.1 (q) and 170.9 (s)],
an isovaleryl group [dH 1.07 (6H, d,

J ¼ 6.6Hz), 2.15–2.21 (m), and 2.33 (d,

J ¼ 7.1Hz); dC 22.5 (q), 26.2 (d), 43.7 (t),

and 171.4 (s)], a trisubstituted olefinic

bond [dH 6.43 (s, H-3); dC 138.0 (C-3), and
119.3 (C-4)], and a hemiketal methine [dH
6.22 (d, J ¼ 5.8Hz, H-1); dC 91.0 (C-1)]

were verified according to the HSQC and

HMBC spectra. The above data, combined

with the hemiketal methine at dC 91.0,

indicated a bicyclic iridoid skeleton of 1,

which was also proved by the 1H–1H

COSY correlations of H-C(1)/H-C(9)/H-C

(5)/H-C(6). After careful analysis of the
1H and 13C NMR data of 1, we found they

were similar to those of suspensolide A

aglycone [14,15]. The main difference was

1 had only one acetyl group, compared

with that of suspensolide A aglycone,

which was connected at C-7 as deduced

from the HMBC correlation of H-7 [dH
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Figure 1. Structures of compounds 1–3.

Table 1. 13C and 1H NMR spectral data of compounds 1–3 (acetone-d6, d in ppm, J in Hz).

1 2 3

No. dC dH dC dH dC dH

1 91.0 6.22 (d, 5.8) 91.3 6.25 (d, 5.9) 91.4 6.09 (d, 6.0)
3 138.0 6.43 (s) 137.5 6.41 (s) 137.6 6.28 (s)
4 119.3 120.3 120.3
5 32.9 3.05–3.12 (m) 33.0 3.20 (dd, 17.8, 8.7) 33.3 3.04 (dd, 17.4, 8.4)
6a 35.8 2.18–2.24 (m) 38.5 2.15–2.21 (m) 38.6 2.00 (ddd, 12.8, 7.1, 2.7)
6b 2.10–2.17 (m) 2.02–2.09 (m) 1.85–1.94 (m)
7 80.7 5.06 (t, 3.9) 78.1 4.12–4.17 (m) 79.3 3.99–4.02 (m)
8 83.3 83.0 83.7
9 44.8 2.41 (dd, 9.8, 5.8) 45.2 2.43 (dd, 10.0, 5.9) 44.4 2.30 (dd, 9.8, 6.0)
10a 65.2 3.87 (dd, 11.3, 6.5) 68.0 4.43 (AB, 11.3) 66.2 3.84 (dd, 10.9, 5.3)
10b 3.74 (dd, 11.3, 6.5) 4.40 (AB, 11.3) 3.67 (dd, 10.9, 5.3)
11a 61.8 4.18 (dd, 12.4, 5.7) 61.9 4.17 (dd, 12.3, 4.7) 62.0 4.04 (dd, 12.3, 6.1)
11b 4.07 (dd, 12.4, 5.7) 4.08 (dd, 12.3, 4.7) 3.94 (dd, 12.3, 6.1)
10 171.4 171.5 171.5
20 43.7 2.33 (d, 7.1) 43.8 2.34 (d, 7.0) 43.8 2.20 (d, 6.6)
30 26.2 2.15–2.21 (m) 26.2 2.16–2.25 (m) 26.3 2.03–2.13 (m)
40/50 22.5 1.07 (d, 6.6) 22.5 1.07 (d, 6.7) 22.6 0.95 (d, 6.7)
100 170.9 171.4
200 21.1 2.14 (s) 20.8 2.15 (s)
7-OH 4.12 (s) 4.16 (d, 3.6)
8-OH 4.01 (s) 4.35 (d, 3.8) 3.58 (s)
10-OH 4.10 (t, 6.5) 3.93 (t, 5.3)
11-OH 3.85 (t, 5.7) 3.81 (t, 4.7) 3.62 (t, 6.1)
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5.06 (t, J ¼ 3.9 Hz)] to the carbonyl

carbon (dC 170.9, C-100) (Figure 2).
The relative configuration of 1 was

deduced from the ROESY spectrum

(Figure 2). The ROESY correlation of H-

5/H-9 indicated the same side of them

which were assigned to be b-orientation.
And the correlation of H-9/H-10 indicated

the a-orientation of OH-8, while the

correlations of H-6a/H-5 and H-6b/H-7

indicated OH-7 was b-oriented. Addition-
ally, the correlation of H-1/H-9 established

the b-orientation of H-1. Thus, the

structure of compound 1 was elucidated

as 10-deacetyl suspensolide A aglycone.

Compound 2 (½a�26:1D –33.2) was

obtained as a colorless oil. Its molecular

formula C17H26O8 was established by HR-

EI-MS at m/z 393.1316 [M þ Cl]2, same

to that of 1. The 1D NMR data of 2 were

also approximately same to those of 1
(Table 1). Detailed 2D NMR analysis

indicated the difference between the two

compounds was the different location of

the acetyl group. The acetyl group in 2 was

located at C-10 according to the HMBC

correlation of H-10 [dH 4.43, 4.40 (each,

1H, AB, 11.3)] to the carbonyl carbon (dC
171.4). The ROESY correlations of H-5/

H-9, H-9/H-10, H-6a/H-5, H-6b/H-7 and

H-1/H-9 were observed and suggested that

2 had the same stereo structures as 1.

Accordingly, the structure of 2 was

elucidated to be 7-deacetyl suspensolide

A aglycone.

Compound 3 (½a�22:7D –52.8) was

obtained as a colorless oil. Its molecular

formula C15H24O7 was inferred from the

HR-ESI-MS at m/z 339.1420 [M þ Na]þ,
42 mass less than that of 1which suggested

3 should be a deacetyl derivant of 1. The

1D and 2D NMR spectra confirmed this

deduction. The ROESY correlations of H-

5/H-9, H-9/H-10, H-6a/H-5, H-6b/H-7,

and H-1/H-9 established the same relative

configuration of 3 as that of 1. Therefore,

the structure of 3 was determined as 7,10-

dideacetyl suspensolide A aglycone.

The new compounds 1–3 were tested

for their anti-inflammatory activity and

only compound 2 exhibited moderate anti-

inflammatory activity against NO pro-

duction in LPS-stimulated RAW 264.7

cells with IC50 of 17.2mM.

3. Experimental

3.1 General experimental procedures

Optical rotations were measured on a

JASCO-20C digital polarimeter (JASCO,

Tokyo, Japan). UV spectra were recorded

using a Shimadzu UV-2401A spectropho-

tometer (Shimadzu, Kyoto, Japan). IR

spectra were obtained on a Tensor 27

HMBC ROESY

O

O

O

OH

H

H

HO
HO

OO a

b

1

1H-1HCOSY

Figure 2. Key 2D correlations of 1.
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spectrometer (Bruker Optics, Ettlingen,

Germany) with KBrpelets. ESIMS were

recorded on an API QSTAR Pulsar i

spectrometer (Agilent, Palo Alto, CA,

USA). EIMS and HREIMS were measured

using a Waters Auto Premier P776

spectrometer (Waters, Milford, MA,

USA). 1D NMR and 2D NMR were

performed on Bruker AM-400, DRX-500,

or AVANCE III-600 spectrometers with

TMS as an internal standard (Bruker

Optics, Ettlingen, Germany). Column

chromatography (CC) was performed

over silica gel (100–200 or 200–

300mesh, Qingdao Marine Chemical Co.

Ltd., Qingdao, China), MCI gel (CHP 20P,

75–150mm, Mitsubishi Chemical Corpor-

ation, Japan), and Sephadex LH-20

(Amersham Pharmacia Biotech, Sweden).

Thin-layer chromatography was carried

out on silica gel 60 F254 glass plates

(Qingdao Marine Chemical Inc.) using

various solvent systems, and spots were

visualized by spraying with 10% H2SO4 in

EtOH followed by heating.

3.2 Plant material

The branches and leaves of Viburnum

odoratissimum (7 kg) used in this study

were collected from Xishuangbanna, Yun-

nan province, China, in December 2008.

The plant was identified by Prof. Xiao

Cheng at Kunming Institute of Botany,

Chinese Academy of Sciences (voucher

no. KIB-2008127v).

The aerial parts of Viburnum corylifo-

lium (7.5 kg) used in this study were

collected from Wenshan, Yunnan pro-

vince, China, in June 2012. The plant was

identified by Prof. Xiao Cheng at Kunming

Institute of Botany, Chinese Academy of

Sciences (voucher no. KIB-20120729v).

3.3 Extraction and isolation

The air-dried aerial plants of

V. odoratissimum (7 kg) were extracted

with 70% aqueous acetone (48 h £ 3).

After concentration, the extract was

partitioned with EtOAc. This EtOAc

residue (180 g) was chromatographed

over a silica gel column (petroleum

ether/acetone; 1:0→0:1) to give six frac-

tions, I–VI. Fr. IV (20 g) was subjected to

reversed-phase MPLC (MCI) (MeOH/

H2O; 10%→100%) to give fractions (Fr.

IV–I to Fr. IV–IV). Fr. IV–II (12 g) was

subjected to repeated silica gel columns

(petroleum ether/acetone; 8:2) to afford

compounds 4 (5 g), 5 (15mg), and 6

(5mg). Fr. V (15 g) was separated over

reversed-phase MPLC (MCI) to obtain

five fractions Fr. V-I to Fr. V-V. Fr. V-I (5

g) was separated over silica gel column

(CHCl3/MeOH; 9:1) to obtain compounds

1 (15mg) and 2 (12mg). Fr. V-II (2 g) was

separated over several silica gel columns

and purified by a Sephadex LH-20

(MeOH) column to afford compounds 7

(10mg) and 8 (11mg). Compound 9

(6mg) was isolated from Fr. V–V (1.7 g)

by repeated Sephadex LH-20 (MeOH)

column.

The air-dried aerial plants of

V. corylifolium (7.5 kg) were extracted

with MeOH (24 h £ 3). After concen-

tration, the extract was partitioned with

EtOAc. This EtOAc extract (188 g) was

subjected to reversed-phase MPLC (MCI)

(MeOH/H2O; 10%→100%) to give five

fractions, I–V. Fr. I (25.8 g) was applied to

a silica gel column (petroleum ether/

isopropyl alcohol; 15:1) to obtain eight

fractions. Fr. I–I (CHCl3/MeOH; 9:1) to

afford compound 10 (26mg). Fr. I–VII

(3.5 g) was separated over several silica

gel columns and purified by a Sephadex

LH-20 column to afford compound 12

(16mg). Fr. I–VIII (1 g) was subjected to

repeated silica gel columns and purified by

a Sephadex LH-20 column (MeOH) to

afford compound 3 (15mg). Fr. II was

applied to a silica gel column (petroleum

ether/isopropyl alcohol; 15:1) to obtain six

fractions (Fr. II–I to Fr. II–VI). Fr. II–II

(9 g) was separated over several silica gel

columns, Sephadex LH-20 columns and
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purified by a semipreparative HPLC

(MeOH/H2O, 40:60) to afford compounds

11 (3mg) and 14 (58mg). Fr. III was

applied to a silica gel column (petroleum

ether/isopropyl alcohol; 15:1) to obtain

five fractions (Fr. III–I to Fr. III–V). Fr.

III–IV (36 g) was subjected to repeated

silica gel columns to afford compound 13

(18mg).

3.3.1 10-Deacetyl suspensolide A

aglycone (1)

Colorless oil; ½a�26:0D –77.3 (c 0.1, MeOH);

UV (MeOH) lmax (log 1) nm 192 (2.94),

206 (3.58), 380 (2.35); IR (KBr) nmax

cm21 3424, 2960, 1736, 1252, and 1097;
1H and 13C NMR spectral data see Table 1;

ESI-MS m/z: 393 [M þ Cl]2; HR-EI-MS

m/z: 393.1313 [M þ Cl]2 (calcd for

C17H26O8Cl, 393.1316).

3.3.2 7-Deacetyl suspensolide A

aglycone (2)

Colorless oil; ½a�26:1D –33.2 (c ¼ 0.1,

MeOH); UV (MeOH) lmax (log 1) nm

192 (2.75), 194 (2.74), 206 (3.07); IR

(KBr) nmax cm
21 3432, 2960, 1732, 1253,

and 1097; 1H and 13C NMR spectral data

see Table 1; ESI-MS m/z: 393 [M þ Cl]2;

HR-EI-MS m/z: 393.1316 [M þ Cl]2

(calcd for C17H26O8Cl, 393.1316).

3.3.3 7,10-Dideacetyl suspensolide A

aglycone (3)

Colorless oil; ½a�22:7D –52.8 (c ¼ 1.0,

MeOH); UV (MeOH) lmax (log 1) nm

201 (3.64); IR (KBr) nmax cm21 3431,

2960, 1735, 1631, 1384, 1261, 1096, 803;
1H and 13C NMR spectral data see Table 1;

ESI-MS m/z: 339 [M þ Na]þ; HR-ESI-

MS m/z: 339.1420 [M þ Na]þ (calcd for

C15H24O7Na, 339.1420).

3.4 Bioassay for NO production

Inhibition of NO production and cell

viability of LPS-stimulated RAW 264.7

macrophage cells were determined [16].

The murine monocytic RAW 264.7

macrophages were dispensed into 96-well

plates (2 £ 105 cells/well) containing

RPMI (Roswell Park Memorial Institute)

1640 medium (Hyclone, Logan, UT, USA)

with 10% Fetal Bovine Serum under a

humidified atmosphere of 5% CO2 at

378C. After 24 h of preincubation, cells

were treated with serial dilutions of

compounds 1–3 with the maximum

concentration of 25mM in the presence

of 1mg/ml LPS for 18 h. Each compound

(purity . 95%) was dissolved in DMSO

and further diluted in the medium to

produce different concentrations. NO

production in each well was assessed by

adding 100ml of Griess reagents A and B

to 100ml of each supernatant from LPS or

the compound-treated cells in triplicate.

After 5min of incubation, the absorbance

was measured at 570 nm with 2104

Envision Multilabel Plate Reader

(Perkin-Elmer Life Sciences, Inc., Boston,

MA, USA). Cytotoxicity was determined

by the MTT assay. MG-132 (Sigma–

Aldrich, Stlouis, Missouri, USA, purity

$ 99, IC50 value ¼ 0.16mM) was used as

a positive control.
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