Chinese Journal of Natural Medicines

Five new terpenoids from Viburnum odoratissimum var. sessiliflorum

Yang LI, Yajiao JIAN, Fan XU, Yongxin LUO, Zhixuan LI, Yi OU, Yan WEN, Jingwei JIN, Chuanrui ZHANG, Lishe GAN

Citation: Yang LI, Yajiao JIAN, Fan XU, Yongxin LUO, Zhixuan LI, Yi OU, Yan WEN, Jingwei JIN, Chuanrui ZHANG, Lishe
GAN, Five new terpenoids from Viburnum odoratissimum var. sessiliflorum, Chinese Journal of Natural Medicines, 2023, 21(4), 298-

307. doi: 10.1016/51875-5364(23)60438-8.

View online: https://doi.org/10.1016/S1875-5364(23)60438-8

Related articles that may interest you

New oligomeric neolignans from the leaves of Magnolia officinalis var. biloba

Chinese Journal of Natural Medicines. 2021, 19(7), 491-499 https://doi.org/10.1016/S1875-5364(21)60048-1

Five new spirosterol saponins from Allii Macrostemonis Bulbus

Chinese Journal of Natural Medicines. 2023, 21(3), 226-232 https://doi.org/10.1016/S1875-5364(23)60423-6

Five Rutaceae family ethanol extracts alleviate H,0, and LPS—induced inflammation via NF— k B and JAK-STAT3 pathway in
HaCaT cells

Chinese Journal of Natural Medicines. 2022, 20(12), 937-947 https://doi.org/10.1016/S1875-5364(22)60217-6

New prenylated flavonoid glycosides derived from Epimedium wushanense by B —glucosidase hydrolysis and their testosterone

production—promoting effects

Chinese Journal of Natural Medicines. 2022, 20(9), 712-720 https://doi.org/10.1016/S1875-5364(22)60188-2

New anti—pulmonary fibrosis prenylflavonoid glycosides from Epimedium koreanum

Chinese Journal of Natural Medicines. 2022, 20(3), 221-228 https://doi.org/10.1016/S1875-5364(21)60116-4

Qi-Tai—Suan, an oleanolic acid derivative, ameliorates ischemic heart failure via suppression of cardiac apoptosis, inflammation and

fibrosis

Chinese Journal of Natural Medicines. 2022, 20(6), 432-442 https://doi.org/10.1016/S1875-5364(22)60156-0

Wechat


http://www.cjnmcpu.com/
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(23)60438-8
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(23)60438-8
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60048-1
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60048-1
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60048-1
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60048-1
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60048-1
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(23)60423-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(23)60423-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60217-6
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60188-2
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60116-4
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60116-4
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(21)60116-4
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0
http://www.cjnmcpu.com/article/doi/10.1016/S1875-5364(22)60156-0

Available online at www.sciencedirect.com

o7 Chinese
o, . .
*s” ScienceDirect Journal of
Natural
Chinese Journal of Natural Medicines 2023, 21(4): 298-307 Medicines

doi: 10.1016/S1875-5364(23)60438-8

*Original articlee

Five new terpenoids from Viburnum odoratissimum
var. sessiliflorum

LI Yang'®, JIAN Yajiao™*, XU Fan*, LUO Yongxin', LI Zhixuan', OU Yi', WEN Yan',
JIN Jingwei', ZHANG Chuanrui®>", GAN Lishe"*

"' School of Biotechnology and Health Sciences, International Healthcare Innovation Institute, Wuyi University, Jiangmen 529020,
China;

’ Chongging Key Laboratory of Natural Product Synthesis and Drug Research, School of Pharmaceutical Sciences, Chongqing
University, Chongqing 401331, China;

? Shandong Laboratory of Yantai Drug Discovery, Bohai Rim Advanced Research Institute for Drug Discovery, Yantai 264117,
China;

* College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China

Available online 20 Apr., 2023

[ABSTRACT] Five new terpenoids, including two vibsane-type diterpenoids (1, 2) and three iridoid allosides (3—5), together with
eight known ones, were isolated from the leaves and twigs of Viburnum odoratissimum var. sessiliflorum. Their planar structures and
relative configurations were determined by spectroscopic methods, especially 2D NMR techniques. The sugar moieties of the iridoids
were confirmed as f-D-allose by GC analysis after acid hydrolysis and acetylation. The absolute configurations of neovibsanin Q (1)
and dehydrovibsanol B (2) were determined by quantum chemical calculation of their theoretical electronic circular dichroism (ECD)
spectra and Rh,(OCOCF;),-induced ECD analysis. The anti-inflammatory activities of compounds 1, 3, 4, and 5 were evaluated using
an LPS-induced RAW264.7 cell model. Compounds 3 suppressed the release of NO in a dose-dependent manner, with an ICs, value of
55.64 umol-L™". The cytotoxicities of compounds 1-5 on HCT-116 cells were assessed and the results showed that compounds 2 and 3

exhibited moderate inhibitory activities with ICs, values of 13.8 and 12.3 pmol-L™", respectively.
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Introduction

The genus Viburnum (Adoxaceae) is comprised of about
two hundred species worldwide and over seventy of them are
distributed in most areas of China " These shrubs or small
trees are well-known for their values as ornamentals and
medicines. For example, application of the leaves and stems
of V. dilatatum in traditional Chinese medicine for the treat-
ment of infantile malnutrition can be traced back to the Tang
dynasty (618-907).
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The plant V. odoratissimum and its varietas, including V.
odoratissimum var. odoratissimum and V. odoratissimum var.
awabuki, are widely used in folk medicines to diminish in-
flammation, relieve pain, and treat rheumatic arthralgia *'.
Previous phytochemical investigations on these related spe-
cies showed the presence of triterpenoids, diterpenoids, ses-
quiterpenoids, flavonoids, lignans, and coumarin glycosi-
des *7. Among these constituents, vibsane-type diterpenoids
are a rare class of diterpenoids only found in the genus Vi-
burnum, which can be further divided into three subtypes: el-
even-membered ring, seven-membered ring, and rearranged
ring types. Some of these compounds with eleven-membered
or seven-membered rings from V. odoratissimum exhibited
significant cytotoxic activities against tumor cells ™', Fur-
thermore, compounds with the vibsanin B scaffold are found
to be a new class of HSP90 C-terminal inhibitors with consid-
erable potential as anticancer agents !''"*. Total synthesis of
all the vibsane-type diterpenoids has been achieved ™ '* ',

The evergreen shrub V. odoratissimum var. sessiliflorum

—298 —



LI Yang, et al. / Chin J Nat Med, 2023, 21(4): 298-307

is grown in Yunnan Province of China, Myanmar, and Thail-
and. In the current study, the chemical constituent of this
plant was first investigated and a six-membered ring type
vibsane diterpenoid (1) and one eleven-membered ring type
vibsane diterpenoid (2), three new iridoid allosides (3-5)
(Fig. 1), and eight known compounds were isolated from
95% ethanol extracts of V. odoratissimum var. sessiliflorum.
Herein, we report the isolation, structure elucidation, and po-
tential anti-inflammatory activities of these compounds.

Result and Discussion

Compound 1 was isolated as colorless oil. Its molecular

formula was determined to be C,5H3c04 by a negative HR-
ESI-MS pseudo-ion peak at m/z 431.2439 [M — H] (Calcd.
for C,5H350¢, 431.2439), with eight indices of hydrogen defi-
ciency (IHDs). The IR spectrum showed absorption bands at-
tributable to unsaturated hydrogens (2925 cm™), carbonyl
(1725 cm™"), and double bond (1668 cm™") groups. The 'H
NMR data in combination with the HSQC spectrum (Table 1)
showed the presence of five methyls at oy 2.20 (3H, s, CH;-
4", 1.94 (3H, s, CH3-5"), 1.73 (3H, s, CH;-17), 2.20 (3H, s,
CH;-19), and 0.83 (3H, s, CH3-20)], three olefinic protons at
oy 7.15 (1H, d, J=12.3 Hz, H-8), 5.12 (1H, dd, /=12.3, 11.1
Hz, H-9), and 5.69 (1H, br s, H-2'), and two oxygen-bearing

Table1 'H (600 MHz) and BC NMR (150 MHz) data for compounds 1-2 (6 in ppm, CDCl;)

1 2
No.
Oy (mult, J in Hz) dc Oy (mult, J in Hz) dc
1 (a) 1.53 (m) () 1.90 (m)
41.9 44.9
() 1.88 (dd, 13.2,5.7) () 2.07 (m)
2 4.32 (m) 64.0 6.02 (dd, 12.5, 3.1) 128.9
3 134.5 143.5
4 136.5 202.6
5 5.08 (m) 83.2 6.08 (d, 16.4) 128.7
(a) 2.52 (m)
6 47.7 6.56 (d, 16.4) 155.1
(b) 2.72 (dd, 14.7, 3.5)
7 207.6 74.1
8 7.15(d, 12.3) 138.1 5.35(d, 9.0) 81.4
9 5.12 (dd, 12.3,11.1) 110.9 5.21(dd, 16.2,9.0) 124.5
10 2.56 (m) 422 5.66 (d, 16.2) 144.7
11 37.9 40.4
1.53 2.07
12 (@) 1.53 (m) 36.1 (a) 2.07 (m) 324
(b) 1.25 (m) (b) 1.64 (m)
13 1.53 (m) 29.2 2.67 (m) 329
14 4.00 (m) 76.2 202.1
15 147.7 144.5
16 (a) 4.84 (m) (a)5.91(d, 15.1)
111.1 124.8
(b) 4.95 (m) (b) 5.75 (d, 15.1)
17 1.73 (3H, s) 17.9 1.87 (3H, s) 17.8
18 () 4.82 (m) (a)4.41 (d, 12.8)
74.7 65.3
(p) 4.61 (d, 12.51) (b) 4.18(d, 12.8)
19 2.20 (3H, s) 313 1.38 (3H, s) 18.4
20 0.83 (3H, s) 21.5 1.02 (3H, s) 23.0
1 163.3 167.1
2! 5.69 (brs) 114.8 5.78 (brs) 115.7
3’ 160.6 159.1
4 2.20 (3H, s) 20.7 2.19 (3H, s) 20.6
5! 1.94 (3H, s) 27.8 1.93 (3H, s) 27.7
®
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methines at oy 4.32 (1H, m, H-2) and 4.00 (1H, m, H-14).
The “C NMR spectrum (Table 1) exhibited twenty-five car-
bon signals, including a keto carbonyl at 5. 207.6 (C-7), an
ester carbonyl at dc 163.3 (C-1'), and eight olefinic carbons
for four double bonds (5. 134.5, 136.5, 138.1, 110.9, 147.7,
111.1, 114.8, and 160.6). The above data of compound 1 is
very similar to those of the known rearranged type vibsane
diterpenes with a six-membered ring, neovibsanins H and [,
isolated from V. odoratissimum "®. Comparison of their 1D
NMR and MS data showed that the f,4-dimethylacryl enol
ester and the acetonyl aliphatic side chain remained un-
changed, while the disappearance of 16-methyl and presence
of additional olefinic protons around &y 4.5-5.0, as well as an
additional oxygen-bearing methine proton at 6y 4.00 (1H, m,
H-14) indicated that the dimethyl vinyl side chain
CH,(12)---CH;(17) in neovibsanin I was metabolized in 1.
Subsequently, analyses of the 'H-'"H COSY and HSQC spec-
tra of compound 1 allowed the determination of four spin-
systems, including CH,(1)-CH(2), CH(5)-CH,(6), CH(8)-
CH(9)-CH(10), and CH,(12)-CH,(13)-CH(14), as depicted in
bold bonds in Fig. 2. In the HMBC spectrum (Fig. 2), both
the olefinic methylene H,-16 and the methyl H;-17 signals
showed correlations to the oxygen-bearing methine C-14 at
d¢ 76.2, which suggested an isopropenyl terminal connected
to the oxygen-bearing C-14 for 1. In addition, an HMBC cor-
relation from H,-18 to C-5 confirmed the existence of the di-
hydrofuran ring. HMBC correlations of H-5/C-7, H-9/C-4, H-
9/C-11, and H,-13/C-11 confirmed the three side chains
linked to the bicyclic core. The pg,f-dimethylacryloyloxy
group was arranged at C-8 by a key HMBC correlation from
H-8 to C-1'. The relative configuration of 1 was determined
by ROESY spectrum (Figs. 2 and 3). The trans configuration

of the C-8/C-9 double bond was determined by a 3./8,9 coup-
ling constant value of 12.3 Hz and ROESY correlations (Fig.
3) between H-8 and H-10. ROESY correlations of H;-20/H-2
and H3-20/H-9 confirmed their S-orientation. ROESY correl-
ations between the a-oriented H-10 and H-6a then indicated a
p-configuration for H-5. The above data verified that the rel-
ative configurations on the bicyclic core of 1 were the same
as those of neovibsanin I. The absolute configuration of the
bicyclic core was confirmed to be 2R,5S,10R,11S by quantum
chemical calculation of the theoretical ECD spectra. As de-
picted in Fig. 4, the experimental ECD spectrum and theoret-
ical spectra for both 2R,55,10R,11S,14S5-1 and 2R,5S,10R,115,
14R-1 showed similar positive Cotton effects (Fig. 4). The
absolute configuration of 14-OH on the flexible side chain far
from the chromophores of these diterpenoids was not determ-
ined in previous literatures '”"'”. Herein, the absolute config-
uration of the secondary alcohol was assigned by
Rh,(OCOCF3),-induced ECD analysis. According to the
bulkiness rule for secondary alcohols 120211 an enhanced neg-
ative Cotton effect around 350 nm in the Rh,(OCOCF;),-in-
duced CD spectrum of 1 implied an R-configuration for C-14
(see Supporting Information). The above approaches allowed
the determination of the absolute configuration of 1 as
2R,58,10R,11S,14R. Thus, the structure of compound 1 was
clucidated as shown in Fig. 1 and named neovibsanin Q.
Compound 2 was isolated as colorless oil. The molecu-
lar formula was determined to be C,sH3,0¢ on the basis of
(-)-HR-ESI-MS data (m/z 429.2289, [M — H], Calcd. for
C,5sH330¢, 429.2283). The IR spectrum suggested the pres-
ence of hydroxy group (3442 cm™") and double bond (1653
cm ). The "H NMR spectrum of 2 (Table 1) showed the pres-
ence of two characteristic methyls at 3 2.19 (s, CH3-4") and

Fig. 1 The structures of compounds 1-5

®
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W/AS%

2

Fig.2 Key HMBC and 'H-'"H-COSY correlations of compounds 1-5

1.93 (s, CH;-5"), as well as an olefinic proton at 6y 5.78 (1H,
br s, H-2') for the f,f-dimethylacryl substituent. Two pairs of
olefinic protons at 6y 6.08 (1H, d, J = 16.4 Hz, H-5), 6.56
(1H, d, J=16.4 Hz, H-6), and 5.21 (1H, dd, J=16.2, 9.0 Hz,
H-9), 5.66 (1H, d, J =16.2 Hz, H-10) indicated two charac-
teristic trans-configuration di-substituted double bonds for the
11-membered ring type vibsane diterpenoid, similar as that of
visbsanol B isolated from V. odoratissimum “*. Furthermore,
the presence of an additional keto carbonyl at ¢ 202.1 and
the absence of a proton on the oxygen-bearing carbon C-14
around &y 4.00, as well as the molecular formula with two
less hydrogen atoms, suggested that the hydroxyl was oxy-
genated to a ketone group at C-14. Subsequently, analyses of
the "H-"H COSY and HSQC spectra of compound 2 allowed
the determination of four spin-systems, including CH,(1)-
CH(2), CH(5)-CH(6), CH(8)-CH(9)-CH(10), and CH,(12)-
CH,(13), as depicted in bold bonds in Fig. 2. In the HMBC
spectrum, correlations from H,-18 to C-2, C-3, and C-4, cor-
relations from H3-20 to C-11, C-12, C-10, and C-1, and cor-
relations from H;-19 to C-6, C-7, and C-8 verified an eleven
membered ring skeleton. Key HMBC correlations from H,-
16 and H;-17 to the keto carbonyl at 5 202.1 confirmed the
ketone group at C-14. The relative configuration of 2 was
elucidated by ROESY spectrum (Fig. 3). The ROESY cross-
peaks of H3-19/H-5, H3-19/H-9, and H-9/H;5-20 revealed that
they were co-facial and assigned as f. The other key correla-
tions of H-10/H-8 and H-10/H-12a then showed their a-ori-
entation. The above ROESY data showed a relative configur-
ation that was the same as that of visbsanol B. The absolute
configuration of 2 was also determined by quantum chemical
calculation of its theoretical ECD spectrum. In the 200450
nm region (Fig. 4), both the experimental ECD curve of 2 and
the theoretical one for 7R,8R,115-2 showed a first positive

®

Cotton effect around 330 nm, a second negative Cotton ef-
fect around 260 nm, and a third positive Cotton effect around
230 nm. The high similarity between the experimental and
theoretical curves enabled the verification of the absolute
configuration of 2 as 7R,8R,11S. Therefore, the structure of
compound 2 was determined and named dehydrovibsanol B
(Fig. 1).

Compound 3 was isolated as a colorless gum. The mo-
lecular formula was found to be C,;H,;;0,5 on the basis of a
negative HR-ESI-MS pseudo-ion peak at m/z 603.2291 ([M —
H], Calcd. for C,;H39045, 603.2294), indicating eight in-
dices of hydrogen deficiency. The IR spectrum suggested the
presence of hydroxyl group (3481 cm™"), ester carbonyl group
(1740 cm™) and double bond (1673 cm™). The 'H NMR
spectrum of 3 (Table 2) exhibited typical resonances for an
iridoid acetal proton and an oxygen-bearing olefinic methine
proton at & 6.28 (1H, d, J= 5.6 Hz, H-1) and 6.41 (1H, s, H-
3), respectively. Additionally, an anomeric proton signal for
the sugar moiety at 8y 4.65 (1H, d, J = 7.7 Hz, H-1"), three
acetoxyl singlets around 8y 2.10, and two overlapped methyl
doublets at &y 0.95 (6H, d, J = 6.6 Hz, H-4", H-5" ) for an
isovaleryl moiety indicated an iridoid structure similar to
those of viburnumfocesides A-D, isolated from Viburnum
foetidum var. ceanothoides ™. The ?C NMR spectrum veri-
fied the existence of the characteristic acetal carbon at 6 89.1
(C-1) and the oxygen-bearing double bond carbons at &¢
141.0 (C-3) and 112.3 (C-4). Compared with the 1D NMR
spectra of viburnumfoceside A, the absence of the Z-p-cou-
maroyl group and the presence of an additional acetyl moiety
indicated that the coumaroyl group on the sugar moiety might
be replaced by an acetyl group, which also was consistent
with the MS data. The '"H—'"H COSY and HSQC spectra of
compound 3 allowed the determination of three spin-systems
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Fig.3 Selected ROESY correlations of compounds 1-5
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Fig.4 The experimental and calculated ECD spectra of compounds 1 and 2

depicted as bold bonds in Fig. 2. On the HMBC spectrum,
those correlations confirmed the same subunits as those of vi-
burnumfoceside A, while a key signal from the hexose
methylene (CH,-6") to the acetyl carbonyl carbon at 5 171.5
(C-5"") confirmed the location of the acetoxyl group at C-6'.
The relative configuration of 3 was confirmed by the ROESY
data (Fig. 3). The p-orientation of H-5, H-9, and H,-10 was
confirmed by key ROESY correlations of H-5/H-9, H-5/H-
6, and H-9/H,-10. The ROESY correlations of H-60/H-7
then verified their a-orientation. For the hexose moiety, the
anomeric proton resonated at oy 4.65 (d, J = 7.7 Hz, H-1")
and the other NMR data suggested the presence of a f-D-al-
lopyranosyl group, the same as that of viburnumfoceside
A ™. Furthermore, an acid hydrolysis of 3 and subsequent
acetylation and GC analysis showed that the hexose was
identical as an authentic sample of D-allose. Therefore, the
structure of compound 3 was identified as 11-O-(6-O-acetyl-

p-D-allopyranosyl)-7,10-diacetoxy-8-hydroxy-1-isovaleroxy
iridoid.

The molecular formula of compound 4 was determined
as C,9Hy,014 by HR-ESI-MS data (m/z 645.2409, [M — HJ ,
Calcd. for CyoH,4 046, 645.2400). The IR spectrum showed
very similar absorptions as those of 3. Compared with that of
compound 3, the 'H NMR spectrum of 4 (Table 2) exhibited
an additional acetoxyl methyl singlet at oy 2.12 (3H, s),
which was verified again by the °C NMR resonances at 5¢
171.3 and 21.0 (Table 3). The above data showed that 4 is an
acetylized product of 3, and the additional acetoxyl group
was attached to C-4' on the allose moiety according to HM-
BC correlations from H-4' (3y; 4.85) to the acetoxyl carbonyl.
The relative configuration of 4 was confirmed to be identical
with that of 3 by the ROESY correlations depicted as shown
in Fig. 3. Therefore, the structure of compound 4 was elucid-
ated as 11-O-(4,6-O-diacetyl-p-D-allopyranosyl)-7,10-di-
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Table2 'H NMR data for compounds 3-5 (600 MHz, 6 in ppm, J in Hz, CDCl,)

No. 3 4 5
1 6.28 (d, 5.6) 630 (d, 5.6) 6.29 (d, 5.6)
3 6.41 (s) 6.42 (brs) 6.43 (brs)
5 2.89 (m) 2.92 (m) 2.91 (m)
6 (@) 1.91 (m) (@) 1.92 (m) (@) 1.94 (m)
(B) 2.42 (m) (B) 2.40 (m) (B) 2.36 (m)
7 5.08 (t, 5.9) 5.08 (t, 6.1) 5.04 (t, 5.8)
9 2.42 (m) 2.44 (m) 2.42 (m)
10 421 (brs) 421 (brs) 421 (brs)
11 (a) 4.25 (d, 11.8) (a) 4.30 (d, 11.8) (a) 4.28 (d, 11.8)
(b) 4.06 (d, 12.0) (b) 4.06 (d, 11.8) (b) 4.08 (d, 11.6)
i 4.65(d,7.7) 472(d,7.8) 4.68(d, 7.8)
2 3.44 (dd, 8.0,2.9) 3.53(dd, 7.9,3.1) 3.60 (dd, 7.6,2.7)
3 420 (m) 436 (t,2.5) 5.55 (t, 3.0)
4 3.52 (brd) 4585 (dd, 10.1,2.5) 3.85(dd, 9.2,2.7)
5 3.80 (m) 4.12 (m) 3.70 (m)
6 (a) 4.38 (dd, 12.3, 2.1) (a) 4.26 (dd, 12.2, 4.9) (a)3.78 (dd, 11.9, 4.5)

(b) 4.29 (dd, 11.7, 4.2)

21 2.21(d,7.2)
3 2.06 (m)
4 0.95 (3H, s)
5" 0.95 (3H, s)
o 2.09 3H, s)
4m 2.06 3H, s)
6" 2.10 (3H, s)
8" R

(b)4.18 (dd, 12.1, 1.7) (b) 3.87 (m)

2.22(d,7.2) 2.23(d,7.2)
2.10 (m) 2.10 (m)

0.97 (3H, s) 0.95 (3H, s)
0.97 (3H, s) 0.95 (3H, s)
2.07 3H, s) 2.11 (3H, s)
2.12 3H, s) 2.05 3H, s)
2.07 3H, s) 2.19 3H, s)
2.12 3H, s) -

acetoxy-8-hydroxy-1-isovaleroxy iridoid.

Compound 5 exhibited the same molecular formula and
similar IR spectrum as those of 3. Comparison of the 'H
NMR spectra of 5 and 3 (Table 2) showed that the signals of
the acetylized 6'-CH,O in 3 were shifted to higher field at oy
3.87 (dd, J = 11.9, 4.5 Hz) and 3.78 (dd, J = 11.8, 2.7 Hz),
and the 3'-CH-O signal was strongly shifted to lower field at
Oy 5.55 (m), which indicated that the acetoxyl group at C-6’
in 3 was shifted to C-3' in compound 5. HMBC correlations
from H-3' to the acetoxyl carbonyl C-5"" and the anomeric
carbon C-1' confirmed the position of the acetoxyl group on
the allose moiety. The structure of compound 5 was finally
determined to be 11-0O-(3-O-acetyl-f-D-allopyranosyl)-7,10-
diacetoxy-8-hydroxy-1-isovaleroxy iridoid.

Through spectroscopic analysis and comparison with the
reported data in the literature, the structures of the known
compounds were determined as three eleven-membered ring
type vibsane diterpenoids, vibsanol A (6) **, vibsanol B (7)
and 15-O-methylvibsanol A (8) ¥, three seven-membered

®

ring type vibsane diterpenoids, vibsanin H (9) ®, dehyd-
rovibsanin G (10) ®, and vibsanin G (11) """, and two
iridoids, opulus iridoid I (12) 29 and 7,10,2',3'-tetraacetylus-
pensolide F (13) *".

The anti-inflammatory activity of compounds 1, 3, 4, and
5 was evaluated using a lipopolysaccharide (LPS)-stimulated
RAW264.7 macrophage cell model. The cytotoxicity of com-
pounds 1, 3, 4, and 5 on RAW264.7 cells were first evalu-
ated by MTT assay. Compounds 1, 4, and 5 had no obvious
cytotoxicity, while compound 3 exhibited slight cytotoxicity
in the range of 40-160 umol-L™". For the inhibitory effect on
NO production, compounds 3 and 5 dose-dependently inhib-
ited the NO level in the range of 10-160 ymol-L™" and com-
pound 3 exhibited an ICs, of 55.64 + 3.39 umol-L™', which
indicated that the two compounds had weak anti-inflammat-
ory effect (see Supporting Information). The above data also
indicated that substituents can obviously affect the activity
and cytotoxicity of these iridoids and the NO inhibitory ef-
fect of compound 3 may partially be induced by its cytotox-
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Table 3 "“C NMR data for compounds 3-5 (150 MHz, 6 in
ppm, CDCl;)
No. 3 4 5
1 89.1 89.2 89.3
3 141.0 141.0 140.8
4 1123 112.7 112.7
5 31.7 31.5 313
6 34.0 34.1 34.0
7 81.2 81.4 81.1
8 80.3 80.4 80.3
9 447 449 44.6
10 674 67.6 67.3
11 68.8 69.3 69.0
I 98.7 99.5 99.5
2! 70.9 70.7 69.7
3 70.6 69.0 73.1
4 67.5 68.8 67.7
5! 72.0 69.6 74.0
6' 64.0 62.9 62.4
1" 171.3 171.1 171.3
2" 43.2 43.4 43.4
3" 25.6 25.8 25.8
4" 223 22.5 223
5" 223 22.5 223
" 171.1 170.9 170.9
2" 20.9 21.1 21.0
3" 171.0 171.1 171.0
4" 21.0 21.0 20.7
5" 171.5 171.2 172.0
6" 20.7 21.2 21.0
7" - 171.3 -
8" - 21.0 -

icity on RAW264.7 macrophage cells.

A cytotoxic activity assay on HCT-116 human colorectal
adenocarcinoma cells was also performed for compounds
1-5. The results showed that compounds 2 (ICs, 13.8
pmol-L™") and 3 (ICsy 12.3 pmol-L™") exhibited moderate in-
hibitory activity against the proliferation of HCT-116 cells.

Experimental

General experimental procedures
Optical rotation values were obtained on a Jasco P-1010
polarimeter. UV spectra were measured on a Shimadzu UV-

®

1601 UV-Vis spectrometer. IR spectra were measured on a
Shimadzu FTIR-8300 spectrometer using KBr disks. ESIMS
data were measured on a Bruker Apex-ultra FT-ICR spectro-
meter. ECD spectra were measured on a MOS-450 CD spec-
trometer. NMR spectra were measured on an Agilent 600 MR
DD2 spectrometer (Agilent Co., USA) with TMS as the in-
ternal standard. Column chromatography (CC) were per-
formed using silica gel (100—200 mesh, 200—-300 mesh and
300—400 mesh, Yantai Jiangyou Silicone Development Co.,
Ltd., Yantai, China), MCI gel (CHP20P, 75-150 pm, Mit-
subishi Chemical Industries Ltd., Japan), and Sephadex LH-
20 gel (25-100 pm, GE Healthcare Bio-Sciences AB, Swe-
den). All solvents used for CC were of analytical grade
(Tianjin Fuyu Fine Chemical Co., Ltd., Tianjin, China) and
those used for HPLC were of HPLC grade (Oceanpak Alexat-
ive Chemical Ltd., Goteborg, Sweden). Pre-coated silica gel
GF,s,4 plates (Qingdao Haiyang Chemical Co., Ltd., Qingdao,
China) were used for thin-layer chromatography (TLC). The
clean bench and CO, incubator were from Esco Micro Pte.
Ltd. (Singapore).
Plant material

The leaves and twigs of Viburnum odoratissimum var.
sessilifolrum were collected in Xishuangbanna Tropical
Botanical Garden in May 2018 and authenticated by Prof. XU
Youkai from Xishuangbanna Tropical Botanical Garden,
Chinese Academy of Sciences. A specimen (CRZ2018
VOVS) was stored in School of Pharmaceutical Sciences,
Chongqing University.
Extraction and isolation

The air-dried twigs and leaves of Viburnum odoratissim-
um var. sessilifolrum (6.2 kg) were powdered and extracted
with 95% ethanol at room temperature for three times, each
time for 3 d. The solvent was removed under reduced pres-
sure to obtain a crude extract (524.0 g), which was then dis-
solved in distilled water and extracted with petroleum ether,
ethyl acetate, and n-butanol successively. The ethyl acetate
fraction (95.7 g) was subjected to an MCI gel column eluted
with MeOH-H,0 (40 : 1 to 100 : 1, V/V) to give five sub-
fractions Frs. 1-5. Fr. 2 (9.7 g) was further separated on a
silica gel column (CH,Cl,-MeOH, 1 : 1, V/V) and later a
semi-preparative column (250 mm x 10 mm, 5 um) by HPLC
(CH;CN-H,0, 4 : 6 to 10 : 0, ¥/V, 2 mL-min") to obtain
compound 3 (fz = 13.9 min, 100.5 mg), compound 4 (fz =
16.6 min, 1.5 mg), compound 5 (zg = 15.3 min, 8.6 mg), com-
pound 12 (f = 11.6 min, 10.9 mg), and compound 13 (tz =
14.5 min, 10.3 mg). Fr. 3 (6.5 g) was subjected to a silica gel
column (CH,Cl,-MeOH, 1 : 1, V/V) and later a semi-prepar-
ative column (250 mmx 10 mm, 5 pm) on HPLC
(CH;CN-H,0, 5:5 to 10 : 0 ¥/V, 2 mL-min"") to obtain
compound 2 (g = 18.3 min, 7.8 mg), compound 6
(tg = 19.6 min, 8.6 mg), compound 7 (g = 16.5 min, 8.5 mg)
and compound 8 (g = 16.6 min, 8.6 mg). Fr. 4 (3.8 g) was
also subjected to a silica gel column (CH,Cl,-MeOH, 1 : 1,
V/V) and later a semi-preparative column (250 mm X 10 mm,
5 um) by HPLC (MeOH -H,O, 6 :4 to 10:0, V/V, 2
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mL-min™") to obtain compound 1 ( fz = 22.4 min, 3.1 mg),
compound 9 (g = 24.6 min, 8.9 mg), compound 10 (tz = 25.7
min, 6.1 mg), and compound 11 (g = 23.5 min, 5.9 mg).
Identification of new compounds

Neovibsanin Q (1)

Colorless oil; [a] +188.2 (¢ 0.085, MeOH); CD (c 0.05
mg-mL™', MeOH) A, (Ag) 223 (+5.89);(—)-HR-ESI-MS m/z
431.2439 [M — H] (Caled. for C,sH3504, 431.2439); IR
(KBr) vpax: 2925, 2855, 1725, 1668, 1460, 1222, 1140, 1092,
948 cm '; 'H and °C NMR data: see Table 1.
Dehydrovibsanol B (2)

Colorless oil; [e]}] —147.0 (¢ 0.1, MeOH); CD (c 0.1
mg-mL™", MeOH) A, (Ae) 234 (+65.38), 259 (—22.51), 327
(+9.62); (—)-HR-ESI-MS m/z 429.2289 [M — H] (Calcd. for
CysH3306, 429.2283); UV (MeOH) 1., (log €): 258(3.19)
nm; IR (KBr) vy,,: 3442, 2927, 1653, 1451, 1379, 1227,
1146, 1082, 999, 853, 736 cm '; 'H and °C NMR data: see
Table 1.
11-0-(6-O-acetyl-p-D-allopyranosyl)-7, 10-diacetoxy-8-hy-
droxy-1-isovaleroxy iridoid (3)

Colorless gum; [a]3* —33.5 (¢ 0.275, MeOH); (—)-HR-
ESI-MS m/z 603.2291 [M — H] (Caled. for Cy;H390;5,
603.2294); IR (KBr) vy, 3481, 2960, 2929, 1740, 1673,
1440, 1375, 1248, 1148, 1095, 1038, 936, 736, 606 cm '; 'H
and °C NMR data: see Tables 2 and 3.
11-O-(4,6-O-diacetyl-f-D-allopyranosyl)-7,10-diacetoxy-8-
hydroxy-1-isovaleroxy iridoid (4)

Colorless gum; [e];* —28 (¢ 0.025, MeOH); (—)-HR-ESI-
MS m/z 6452409 [M — H] (Caled. for CyyHy Oqg,
645.2400); IR (KBr) vy, 3359, 3194, 2925, 2854, 1742,
1665, 1463, 1374, 1252, 1146, 1096, 1036, 863, 805, 738
cm'; 'H and "C NMR data: see Tables 2 and 3.
11-O-(3-O-acetyl-f-D-allopyranosyl)-7,10-diacetoxy-8-hy-
droxy-1-isovaleroxy iridoid (5)

Colorless gum; [a]” =32 (¢ 0.1, MeOH); (-)-HR-ESI-
MS m/z 603.2298 [M — H] (Caled. for 603.2294,
Cy7H39015); IR (KBr) vy, 3500, 3331, 2927, 2858, 1740,
1674, 1607, 1460, 1375, 1251, 1147, 1093, 1039, 935, 736,
605 cm™'; "H and C NMR data: see Tables 2 and 3.

Acid hydrolysis, acetylation, and GC analysis of compounds
3-5

Each compound (1-2 mg) was hydrolyzed with 2
mol-L™ HCI (4 mL) at 90 °C for 2 h. The reaction mixture
was extracted with ethyl acetate for three times. The ethyl
acetate layer was removed and the aqueous layer was evapor-
ated to dryness and then dissolved in anhydrous pyridine (0.4
mL). Hydroxylamine hydrochloride (5 mg) was added into
the mixture and kept at 90 °C for 1 h. Acetic anhydride (0.6
mL) was then added and stirred at 90 °C for another 1 h. The
reaction mixture was directly analyzed by GC-MS. The sug-
ar moieties of compounds 3—5 were determined by compar-
ing the retention times with the derivatives of standard sug-
ars prepared by the same protocol.

GC-MS conditions: the temperature of the injector, 270
°C; injection volume, 1.0 pL; split ratio, 10 : 1; carrier gas,

helium at a flow rate of 1.0 mL-min"'; chromatographic
column, hp-5ms (250) pum x 30 m, 0.25 pm; column temper-
ature, 160 °C (2 °C-min "), 195 °C (10 °C'min "', 6 min), and
300 °C (5 min); and detector: FID 280 °C (nitrogen volume
30 mL-min ', hydrogen volume flow 40 °C'min', and air
volume flow 3400 mL-min"").

The retention times for standard sugar derivatives were
tg = 13.517 min (D-allose), tg = 14.623 min (D-glucose), f; =
14.197 min (D-mannose), g = 15.282 min (D-fructose), and
tg = 14.524 min (D-sorbose). The retention times for the reac-
tion products of compounds 3, 4, and 5 were fz = 13.378 min
(3), tg = 13.336 min (4), and #z = 13.372 min (5), respect-
ively. A mixture sample of reaction products from D-allose
and compound 3 showed one peak at fz = 13.465 min (see
Fig. 42-50 in supplementary materials).

Quantum chemical calculation of ECD spectra of 1 and 2

Conformational
through Monte Carlo searching using molecular mechanics
with MMFF force field in the Spartan 18 program ™. The
results showed seven lowest energy conformers for
2R,58,10R,118,14S-1 and six ones for 2R,5S,10R,11S,14R-1
within an energy window of 2.0 Kcal'mol ™', and eleven low-
est energy conformers for 7R,8R,11S-2 within an energy win-
dow of 1.5 Kcal'mol™". Those conformers were then reoptim-
ized using DFT at the B3LYP/6-31G(d) level using the Gaus-
sian 09 program *. The B3LYP/6-31G(d) harmonic vibra-
tional frequencies were further calculated to confirm their sta-
bility and six conformers for 2R,5S,10R,11S5,14S-1, two con-
formers for 2R,55,10R,11S,14R-1, and seven conformers for
7R,8R,11S5-2 (See supporting information) were refined and
considered for next steps.

The electronic excitation energies and rotatory strengths
(velocity) of the first 60 excited states of these conformers
were calculated using the TDDFT methodology at the
MO062X/TZVP level in gas phase. The ECD spectra were sim-
ulated by the overlapping Gaussian function ®” (¢ = 0.55 eV
and + 15 nm shifted in the horizontal axis for 1; ¢ = 0.3 eV
and —15 nm shifted in the horizontal axis for 2), in which the
velocity rotatory strengths of the first four exited states for 1
and eight exited states for 2 were adopted. To get the final

analysis was  first  performed

ECD spectra, the simulated spectra of the lowest energy con-
formers were averaged according to the Boltzmann distribu-
tion theory and their relative Gibbs free energy (4G). The
theoretical ECD curve of 7S, 8S, 11R-2 was obtained by dir-
ectly reversing that of 7R, 8R, 115-2.
Determination of the absolute configuration at C-14 of 1 by
Rhy)(OCOCF;) finduced ECD

Compound 1 (0.25 mg) was dissolved in anhydrous
CH,Cl, (0.5 mL) and mixed with [Rh,(OCOCF3),] [molar ra-
tio ca. 1 : 2 secondary alcohol/[Rh,(OCOCF;),]. Then, the
first ECD spectrum was immediately measured from 190 nm
to 450 nm, and its time evolution was monitored until stable
phase (about 30 min). The induced ECD (IECD) spectrum
was subtracted from the inherent ECD spectrum. The ob-
served sign of the band around 350 nm in the induced CD
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spectrum was correlated to the absolute configuration of the
secondary alcohol P2,
Anti-inflammatory activity assay

The anti-inflammatory assay was performed according to
the protocol reported in a lipopolysaccharide (LPS)-stimu-
lated RAW264.7 macrophage cell model and the content of
inflammatory mediator NO was measured to evaluate the
levels of inflammatory response “" *. Briefly, mouse de-
rived RAW264.7 macrophages were cultured and MTT as-
say was performed to evaluate the effect of all the com-
pounds on cell viability. The cells were seeded in 96-well
plates with an initial density of 5 x 10 cells/mL, before treat-
ment with different concentrations of compounds 1 and 3—5
(10, 20, 40, 80, and 160 umol'Lfl) for 1 h. Subsequently, 10
pL of MTT (5 mg-mL™") solution was added to each well and
the microplate was incubated for 4 h. For LPS-stimulation,
after treatment with compounds for 2 h, 2 pg-mL™" LPS was
added and the cells were cultured for 24 h to evaluate inhibit-
ory effect. Dexamethasone (DXM, 0.2 and 0.4 pmol-L™") was
used as the positive control. The content of NO was meas-
ured using Griess reagent. All the experiments were per-
formed in triplicate. Data are expressed as mean + standard
deviation (SD). Values were considered statistically signific-
ant when P < 0.05.
Cytotoxic activity assay on HCT-116 cells

The viability of HCT-116 human colorectal adenocar-
cinoma cells was measured by MTT assay *. The cells were
seeded in 96-well plates (Nalge Nunc International,
Rochester, NY, USA) at a density of 1 x 10* cells/well. After
incubation for 24 h, the cells were treated with various con-
centrations (1, 10, 25, 50, and 100 umol-Lfl) of compounds
1-5 for 24 h. Then, MTT solution (100 pL) was added to
each well and the cells were incubated in a humidified incub-
ator at 37 °C for 4 h. The formed formazan crystals were dis-
solved with DMSO. The absorbances of each sample was
measured at a wavelength of 540 nm using a microplate read-
er (Model 680; Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Doxorubicin (ICs, 0.36 pmol-L™") was used as the
positive control.

Supporting Information

Supporting information of this paper can be requested by
sending E-mail to the corresponding author.
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