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Studies on the Highly Oxidized Cadinane Sesquiterpenes from
Alangium salviifolium and Their Bioactivities
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Abstract Two new highly oxidized cadinane sesquiterpenes of alansalene A (1) and 2,7-dihydroxy-4-isopropyl-1-methyl-
6-naphthaldehyde (5), and five known analogues were isolated from the barks of Alangium salviifolium, which is a folk
medicinal plant in Hainan. The structures were elucidated by spectroscopic methods (1D and 2D NMR, HR-ESI-MS).
Compound alangene D (2) exhibited stronger anti-inflammatory activity in vitro with ICso value of (2.98+0.11) pmol/L to that
of dexamethasone [ICs0=(39.62+0.12) pumol/L]. Alangene F (3) and 2,7-dihydroxy-4-isopropyl-6-methylnaphthalene-1-
carbaldehyde (6) displayed potential a-glucosidase inhibitory activities with ICso values of (111.85+1.80) and (18.55%0.68)
umol/L, respectively, which were stronger than that of acarbose [ICso=(478.75+27.14) umol/L].

Keywords Alangium salviifolium; highly oxidization; sesquiterpene; anti-inflammatory; a-glucosidase inhibitory

1 Introduction about 30 species growing mainly in tropical and subtropical
Asia and Oceania. Among them, nine species growing in

Alangium salviifolium, also known as ‘Ge-she-luo’, be- China.l! 4. salviifolium is a tall thorny tree and mainly
longs to the genus Alangium (Alangiaceae) and comprises distributed in Hainan, Guangdong, and Guangxi of China.?!
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It is a well-known traditionally used medicinal plant in India
and has a wide spectrum of biological activities, such as
anti-arthritic, antidiabetic, analgesic, anti-inflammatory,
diuretic, antiepileptic and antifungal.[3-4!

Previous phytochemical investigations on A. salviifolium
led to alkaloids, glycosides, and terpenoids, some of which
showed anti-inflammatory, antibacterial, and cytotoxic
activities.’-*] Such as, salicin isolated from A. chinense
ameliorates rheumatoid arthritis (RA), 10-O-demethyl-
cephaeline from 4. salviifolium exhibited potent cytotoxic
activity against human lung carcinoma (A549) and breast
adenocarcinoma (MCF-7) with EDsy values of 0.013 and
0.062 pmol/L, respectively.l! In search for bioactive and
structurally diverse natural products from A. salviifolium,
two new cadinane sesquiterpenes and five analogues (Fig-
ure 1) were isolated from the ethyl acetate extracts of the
barks of 4. salviifolium. Meanwhile, the cytotoxic activity,
anti-inflammation, and a-glucosidase inhibitory of all the
compounds were evaluated.

Figure 1 Cadinane sesquiterpenes constituents from 4. salviifo-
lium.

2 Results and discussion

2.1 Structure elucidation

Alansalene A (1) was obtained as a yellow amorphous
powder. The molecular ion peak was determined by
HR-ESI-MS at m/z 381.0940 [M + Na] *~ (caled for
Ci9H307Na, 381.0950), corresponding to a molecular
formula Ci9H ;307 and indicating eleven degrees of unsat-
uration. Its IR spectrum showed absorptions due to the
hydroxy (3437 cm™ '), chelated aldehyde (1628 cm™ '), and
aromatic (1351 and 1111 cm™ ') groups. The 'H NMR
spectrum (Table 1) exhibited the signals for a chelated hy-
droxy group at oy 14.77 (s, 1H, OH-9), an aldehyde proton
at oy 10.96 (s, 1H, H-15), two olefinic protons at oy 7.07 (d,
J=1.4 Hz, 1H, H-12) and 6.34 (s, 1H, H-8), one methylene
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at on 5.28 (s, 2H, H-14), two methoxyl groups at oy 4.02 (s,
3H, OCH3s-3) and 3.81 (s, 3H, OCH3-2), and two methyl
groups at oy 2.08 (s, 3H, H-2") and 1.95 (d, J/=1.4 Hz, 3H,
H-13). The '3C NMR (Table 1) and DEPT spectra of 1
revealed a total of 19 signals, including an aldehyde car-
bonyl at dc 196.5, eleven quaternary carbons, two methine
groups, one methylene, two methoxy carbons, and two
methyl carbons. The 1D NMR data indicated that 1 was a
highly oxidized cadinane sesquiterpene, and the structure of
1 was similar to that of alangene D (2),°! except for the
presence of an acetyl group dc 171.2 and 21.2/dy 2.08 (s,
3H, H-2") in 1. The HMBC correlations (Figure 2) from H-2'
(01 2.08) to C-1' (6¢c 171.2), and from H-14 (dy 5.28) to C-1'
(6c 171.2), as well as the downfield chemical shift of C-14
(dc 56.0), confirmed the acetyl group located at C-14.
Therefore, the structure of 1 was identified as alansalene A.

Table 1 'H NMR (400 MHz) and '*C NMR (100 MHz) data of
compounds 1 and 5
No. : I : S
ou (J in Hz) oc ou (J in Hz) oc
1 128.5 (C) 142.1 (C)
2 143.0 (C) 7.19, s 108.2 (CH)
3 154.3 (C) 157.1 (C)
4 110.2 (C) 120.8 (C)
5 148.2 (C) 8.47,s 134.1 (CH)
6 115.1 (C) 122.3 (C)
7 141.2 (C) 148.0 (C)
8 6.34,s  105.2 (CH) 6.95, s 113.9 (CH)
9 170.1 (C) 157.4 (C)
10 110.2 (C) 112.8 (C)
11 112.7(C) 3.71~3.73,m 29.5 (CH)

12 7.07,d (1.4) 144.1 (CH)
13 1.95,d (1.3) 13.4 (CH3)

1.37,d(6.8) 24.1 (CHs)
1.37,d(6.8) 24.1 (CHs)

14 528,s 560 (CH»)  10.10,s  197.4 (CH)
15 10.96,s 196.5(CH)  234,s  10.6 (CHs)
i 171.2 (C)

2 2.08,s  21.2(CHs)
2-OCH;  3.8l,s  59.2 (CHs)
3-OCH;  4.02,s  61.9 (CHs)

OH-9 14.77, s
4 Measured in CDCls; * Measured in CD;0D.

~~ HMBC =— "H-'HCOsY

Figure 2 Key HMBC and 'H-'H COSY correlations for com-
pounds 1 and 5

2,7-Dihydroxy-4-isopropyl-1-methyl-6-naphthaldehyde
(5) was isolated as a yellow solid power. Its molecular

formula was defined as CisHis03 with eight degrees of
unsaturation from its HR-ESI-MS ion at m/z 243.1021 [M—
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Chinese Journal of Organic Chemistry

H] (calcd for Ci5H;s03, 243.1021). Its IR spectrum
showed absorptions due to the hydroxy (3429 cm '), che-
lated aldehyde (1624 cm™!), and aromatic (1350 and 1121
cm ') groups. The 'H NMR spectrum of compound 5 (Ta-
ble 1) showed resonances of one aldehyde group at oy 10.10
(s, 1H, H-14), three aromatic protons at oy 8.47 (s, 1H, H-5),
7.19 (s, 1H, H-2) and 6.95 (s, 1H, H-8), three methyl groups
at oy 2.34 (s, 3H, H-15) and 1.37 (d, 6H, J=6.8 Hz,
H-12/13), and one methine proton at oy 3.71~3.73 (m, 1H,
H-11). The 'H-'H COSY correlations (Figure 2) of H-11/
H-12/13, showed that the structure contains an isopropyl
group. The '*C NMR (Table 1) and DEPT showed 15 car-
bon signals, including one aldehyde carbon, three methyl
groups, one sp> methine group, three aromatic methine
groups, and seven quaternary carbons. Detailed analysis of
1D NMR data suggested that 5 was a highly oxidized ca-
dinane sesquiterpene. The NMR data closely resembled
those of 2,7-dihydroxycadalene.l'”! The only difference
between them was the presence of additional an aldehyde
group at the C-4 position in 5 instead of methyl in 2,7-
dihydroxycadalene. The HMBC correlations (Figure 2)
from the aldehyde proton (H-14) to C-4 (Jc 120.8) and C-3
(dc 157.1) revealed that the aldehyde group was attached at
C-4. Further analysis of the HMBC correlations from H3-12
to C-7 and C-11, from H-5 to C-7, C-4, C-3 and C-1, from
H-2 to C-10, C-4, C-3 and C-6, from H3-15 to C-10, C-9 and
C-1, from H-8 to C-10, C-6 and C-11, leading to the pro-
posed structure of 5 as shown in Figure 1, and named as
2,7-dihydroxy-4-isopropyl-1-methyl-6-naphthaldehyde.

Five known compounds were isolated and identified as
alangene D (2),) alangene F (3),”) alangene C (4),”
2,7-dihydroxy-4-isopropyl-6-methyl-naphthalene- 1-carbal
dehyde (6),!'"! 7-hydroxycadalin (7)''? (Figure 1) by com-
paring their spectroscopic data with the reported ones.

Compounds 1~7 were evaluated for their inhibitory
potencies on nitric oxide (NO) release from lipopolysac-
charide (LPS)-stimulated RAW264.7 cells, while dexame-
thasone was used as a positive control. The results showed
that compound 2 with ICs value of (2.98+0.11) pmol/L,
which were stronger than dexamethasone [ICsp=(39.62 1
0.12) umol/L] (Table 2).

Table 2 Anti-inflammatory activity of compounds 1~7 on
LPS-induced NO production in RAW264.7 cells

Compound? ICs0%/(umol-L ™)
2 2.98%0.11
Dexamethasone® 39.62+0.12

“ The compounds with ICsy values >100 pmolsL ! were not listed in the
table; © Values represent means®SD of the triplicate experiment; ¢ Positive
control.

Compounds 1~7 were evaluated for a-glucosidase in-
hibitory activity, while acarbose was used as the positive
control. Among them, compounds 3 and 6 displayed inhib-
itory activities with ICso values of (111.85 % 1.80) and
(18.55+0.68) umol/L, respectively, which were compara-
ble to that of acarbose [ICso=(478.75327.14) umol/L]
(Table 3).

Chin. J. Org. Chem. 2024, 44, 1363~1367

Table 3 o-glucosidase inhibitory activity of compounds 1~7

Compound? ICs0%/(umoleL 1)
3 111.85+1.80
6 18.55+0.68

Acarbose® 478.75+27.14

¢ The compounds with ICsyp values >200 pmolsL ! were not listed in the
table; © Values represent means+SD of the triplicate experiment; ¢ Positive
control.

Compounds 1~7 were evaluated for their cytotoxic ac-
tivities in vitro (doxorubicin hydrochloride was used as a
positive control). Compounds 1 and 5 showed weak cyto-
toxic activities against human cancer cell lines (SGC-7901,
K562, A549, BEL) with ICsy values ranging from 30.60
umol/L to 72.88 pmol/L (Table 4).

Table 4 Cytotoxicity of compounds 1~7 in cancer cell lines

Compd.* SGC-7901> K562° A549P BEL?
+
1 59.49+3.07 301'6308_ 61.181+0.65 72.88=1.64
4527+
5 55.18%3.11 50673 39.20%1.40 49.62£0.57
Doxorubicin
.. .0.0620.01 0.55%0.01 1.51£0.06 3.79%0.22
hydrochloride*

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ The compounds with ICsy values >100 pmolsL ! were not listed in the
table; ? Values represent means®SD of the triplicate experiment; ¢ Positive
control.

3 Conclusions

Two new cadinane sesquiterpenes (1 and S) and five
known analogues (2~4, 6 and 7) were obtained from the
barks of A. salviifolium. Their structures were determined
by extensive analysis. The results of anti-inflammatory
activity screening showed that 2 exhibited strong an-
ti-inflammatory activity with ICsy value of (2.98 +0.11)
umol/L. Compounds 3 and 6 displayed pronounced
a-glucosidase inhibitory activities with ICsy values of
(111.85%1.80) and (18.55£0.68) pumol/L, respectively.
Compounds 1 and 5 showed moderate cytotoxic activities
against four human cancer cell lines with ICsy values rang-
ing from 30.60 umol/L to 72.88 pumol/L. These findings
enriched the chemical diversity of the constituents from A.
salviifolium and provided a few promising lead compounds
for further development of anti-inflammatory and anti-
diabetic drugs.

4 Experimental section

4.1 General experimental procedures

The NMR spectra were recorded on Bruker AV 400
NMR spectrometers using TMS as an internal standard.
HR-ESI-MS spectra were performed on an Agilent 6210
ESI/TOF mass spectrometer. Ultra Performance Liquid
Chromatography (UPLC) was performed on a Thermo
Fisher Ultimate 3000. Semi-preparative HPLC was per-
formed on an Agilent 1260 LC series with a DAD detector
using an Agilent Eclipse XDB-Ci3 column (9.4 mm X250
mm, 5 pum). IR spectra were recorded on a Nicolet 6700

http://sioc-journal.cn/ 1365
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spectrophotometer. Column chromatography (CC) was
carried out on silica gel (100~ 200, 200~ 300 mesh,
Qingdao Haiyang Chemical Co., Ltd, China) and Cis
ODS-A (50 um, YMC, Japan). TLC analysis was per-
formed on precoated silica gel GF»s4 plates (Qingdao Hai-
yang Chemical Co., Ltd, China).

4.2 Plant material

A. salviifolium was collected in December 2021 from
Haikou Crater National Geopark, Hainan Island, China. The
species was authenticated as A. salviifolium by Dr. Yu-Kai
Chen (Hainan Normal University, Hainan, China). A
voucher specimen (No. 20211220) was deposited at the Key
Laboratory of Tropical Medicinal Resource Chemistry of
the Ministry of Education, Hainan Normal University.

4.3 Extraction and isolation

The dried barks of the A. salviifolium (20 kg) were
crushed and extracted with petroleum ether (PE) (30 LX2,
each for 3 d), ethyl acetate (EtOAc) (30 L X2, each for 3 d),
and 95% ethanol (EtOH) (30 L X2, each for 5 d) succes-
sively. The extracts were condensed in vacuo to obtain
different solvent crude extracts. Subsequently, the EtOAc
crude extract (141.0 g) was subjected to silica gel vacuum
liquid column (VLC) eluted with PE/EtOAc (V' : V=100 :
1~0 1) to give 25 fractions (Fr.1 ~Fr.25).

Fr.4 (10.636 g) was separated by ODS column chroma-
tography (CC) with methanol (CH30H)/H>O as eluent (V :
V=3 :2~1:0) to obtain 18 fractions (Fr.4.1~Fr.4.18).
Fr.4.2 was separated by semi-preparative HPLC eluting by
48% acetonitrile in water to obtain 5 (3.0 mg, tr=60 min,
flow rate=3 mL/min). Fr.4.3 was purified by semi-pre-
parative HPLC eluting by 58% acetonitrile in water to yield
6 (7.8 mg, ;=30 min) and 4 (5.5 mg, rx=36 min, flow
rate = 2.5 mL/min). Fr.4.4 was divided into 9 fractions
(Fr.4.4.1~Fr.4.4.9) by a silica gel CC eluting with PE/
EtOAc (V. V=10 : 1~1 . 0), Fr.4.4.2 was dissolved in
CH3O0H and recrystallized to obtain 3 (12.3 mg). Fr.4.4.3
was separated by semi-preparative HPLC eluting by 62%
acetonitrile in water to yield 7 (2.0 mg, /r=20 min, flow
rate =2.5 mL/min). Similarly, Fr.4.4.5 was purified by
semi-preparative HPLC eluting with 70% acetonitrile in
water to afford 1 (3.6 mg, tx =15 min, flow rate=2.5
mL/min). Fr.4.9 was subjected to silica gel CC eluting with
PE/EtOAc (V' 1 V=8  1~1 . 0) to yield 6 fractions
(Fr.4.9.1~Fr.4.9.6). Fr.4.9.4 was dissolved in CH;0H and
purified to get 2 (22.3 mg).

4.4 Characterization of compounds

Alansalene A (1): Yellow amorphous power. UV
(MeOH) Amax [log &/(Lemol 'ecm ™ )]: 209 (4.74), 239
(4.64), 281 (4.33), 428 (3.93) nm; 'H NMR and '*C NMR
data see Table 1; IR (KBr) vmax: 3437, 2356, 1628, 1351,
1111, 476 cm™'; HR-ESI-MS calcd for CjoHisO7Na [M+
Na]" 381.0950, found 381.0940.

2,7-Dihydroxy-4-isopropyl-1-methyl-6-naphthaldehyde
(5): Yellow amorphous power. UV (MeOH) Amax [log
e/(Lemol 'scm 1)]: 221 (4.34), 245 (4.41), 283 (4.25), 343
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(3.88) nm; 'H NMR and C NMR data see Table 1; IR
(KBr) vmax: 3429, 1624, 1350, 1121, 473 cm™'; HR-ESI-
MS caled for CisH;sO; [M — H]  243.1021, found
243.1021.

4.5 Assay of anti-inflammatory activity

The anti-inflammatory activity was evaluated by deter-
mination of NO production in RAW264.7 cell culture su-
pernatants induced by LPS with Griess reagent.'¥) The
RAW264.7 cells were inoculated in 96-well plates with a
density of 1X10° cells per well, and treated with samples
and positive control (dexamethasone) after 12 h. 1 h later,
cells were exposed to 1 pg/mL LPS and cultured at 37 ‘C
and 5% (¢) CO; for 24 h. Next, 50 pL of culture supernatant
and 100 pL of Griess reagent were mixed. The absorbance
values at a wavelength of 540 nm were recorded by a mi-
croplate reader.

4.6 Assay of a-glucosidase inhibitory

o-Glucosidase inhibitory activity assay of 1~7 was
performed followed by the procedures as previously de-
scribed.l' Briefly, 10 uL of sample [it was dissolved in
dimethyl sulfoxide (DMSO) and diluted to different con-
centrations] was incubated with 100 uL of a-glucosidase
solution (0.2 U/mL) at 37 C for 15 min. Then, 40 uL of
2.5mmol/L  p-nitrophenyl-a-d-glucopyranoside (p-NPQG)
was added and further incubated at 37 °C for 15 min. The
OD values were measured at 405 nm with a microplate
reader. The percentage inhibition was calculated using the
following equation:

IIlhlblthIl(%) = [1 - (ODcompound - ODblank)/(ODcomrol -
ODbjand)] X 100%

4.7 Assay of cytotoxicity

The following human tumor lines were used: SGC (gas-
tric cancer), K562 (erythroleukemia), A549 (lung cancer)
and BEL (liver cancer). All cancer cells were seeded in
96-well plates and cultured for 12 h. The appropriate test
compounds and positive control (doxorubicin hydrochlo-
ride) were added into triplicate wells at different concen-
trations and incubated at 37 ‘C and 5% CO, for 48 h. Cell
viability was measured by 3-(4,5-dimehthylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay!'>l. DMSO
was used to dissolve the formazan crystals and then the OD
values at 490 nm of each well were measured.

Supporting Information 1D and 2D NMR, HR-ESI-MS
spectra of compounds 1 and 5. These materials can be
downloaded for free from the website (http://sioc-journal.
cn/).
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