28 Journal of Technical Education Science No.38 (12/2016)
Ho Chi Minh City University of Technology and Education

THE DEPSIDONES FROM USNEA ACICULIFERA
MOT SO DEPSIDONE TU LOAI PIAY USNEA ACICULIFERA

Vo Thi Nga?, Tuong Lam Truong?, Nguyen Kim Phi Phung?
1 Ho Chi Minh City Univerisity of Technology and Education
2 University of Science, National University — Ho Chi Minh City

Received 05/09/2016, Peer reviewed 10/12/2016, Accepted for publication 25/12/2016

ABSTRACT

The lichen is an association between a fungus and a phytosynthetic symbiont, generally
green algae or cyanobacteria. Lichens have a number of practical applications, especially as
sources of medicinal substances. Usnea aciculifera Vain, a lichen growing widely and abundantly
on the bark of Pinus dalatensis at Lam Dong Province, Vietnam, has not yet been chemically and
pharmaceutically studied in Vietnam. Our chemical study on Usnea aciculifera lead to the
isolation of three depsidones, including norstictic acid (1), stictic acid (2) and 8-O-methylstictic
acid (3). Their chemical structures were elucidated by 1D and 2D NMR. Lichen substances such
as depsides or depsidones are of interest as natural antibiotics. The presence of norstictic acid (1)
and stictic acid (2) in high yield of around 0.13% and 0.15%, respectively; and possessing the
ability in inhibiting cell growth of human colon adenocarcinoma HT-29 cells showed that this
species seems to become a potential medicinal resource.
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TOM TAT

Pia y la mét dang két hop giita ndm va mét loai sinh vt cé thé quang hop, nhw tdo xanh.
Pia y ¢é rdt nhiéu g dung, ddc biét trong y diege. Usnea aciculifera Vain, la mét lodi dia y rat
phé bién, song bam trén than cdy théng Pinus dalatensis ¢ tinh Lam Déng, Viét Nam. Hién nay
van it nhém quan tam nghién cieu trén lodi dia y nay. Tir nghién citu trén lodi dia y Usnea
aciculifera chiing t6i da c6 ldp dwoc ba depsidone, gom norstictic acid (1), stictic acid (2) va
8-O-methylstictic acid (3). Cau triic héa hoc ciia chiing dwoc bién gidi bang pho cong hwéng tie
hat nhdn mot chiéu va hai chiéu. Céc hop chat dia y nhie depside hodc depsidone timg dwoc biét
dén nhur nhitng chat khang sinh tu nhién. Sw hién dién cua norstictic acid va stictic acid voi ham
leong kha cao, lan lwot la 0.13% va 0.15%, va kha néng ke ché té bao ung thw tuyén rudt két &
nguoi HT-29 cia stictic acid [6] ¢6 thé mé ra hiedng g dung lodi dia y ndy nhw mét nguon
duwege liéu tiém nang.

Tar khéa: lichen; Usnea aciculifera; depsidone; stictic acid; norstictic acid.

1. INTRODUCTION

A lichen is an association between a medicinal substances. Lichen metabolites are
fungus and a phytosynthetic symbiont, some of the potential natural product
generally green algae or cyanobacteria. [1] resources that exhibit manifold bioactivities
Lichens have a number of practical including antibiotic, antiviral, analgesic,
applications, especially as sources of antipyretic, antiproliferative and cytotoxic
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effects. Lichen substances such as depsides or
depsidones are of interest as natural
antibiotics. [2] Although over 1,000 lichen
metabolites with various biological activities
have been reported, Usnea aciculifera has not
yet been chemically and biologically studied
in Vietnam. In our previous work on Usnea
aciculifera, some depsides icluding barbatinic
acid, diffractaic acid and aciculiferin A, were
found with a strong cytotoxic activity against
three cancer cell lines such as MCF-7,
NCI-H460 and HelLa cell lines.[3]

B-fl-methylstictic acid (3)

Figure 1. Chemical structures of the isolated
depsidones.

In this research, we will discuss the
isolation and elucidation of three depsidones
from Usnea aciculifera (Figure 1).

2. MATERIALS AND METHODS
2.1 Materials

Usnea aciculifera was collected on the
bark of the Pinus dalatensis at Lam Dong

Province, Vietnam in May 2011. The material
was identified by Dr. HarrieSipman, Freie
University of Berlin, Germany. A voucher
specimen (No US-B029) was deposited in the
herbarium of the Department of Organic
Chemistry, University of Science, National
University—Ho Chi Minh City.

2.2 Apparatus

NMR spectra were measured on a Bruker
Avance 111 spectrometer, at 500 MHz for 'H
NMR and 125 MHz for BC-NMR, using
residual solvent signal as internal reference:
DMSO-ds 1 2.50, d¢ 39.5.

2.3 Methods

The clean, air-dried and ground material
(1.5 kg) was macerated by methanol at room
temperature and concentrated under reduced
pressure to afford the crude methanolic
extract (400 g). This extract was subjected to
silica gel column chromatography using
gradient elution of n-hexane—ethyl acetate
then ethyl acetate—methanol (99:1-1:1) to
give seven fractions from Al to A7. Fraction
A2 (453 @) was applied to column
chromatography and eluted in stepwise with
solvent systems of n-hexane — ethyl acetate
(85:15 to 60:40) to give 5 fractions
(A2.1-A25).

Fraction A2.3 (3.5 g) was applied to
column chromatography and eluted in
stepwise with solvent systems of n-hexane —
ethyl acetate (70:30 to 20:80) to give three
compounds including 1 (2,000.0 mg), 2
(2,200.0 mg) and 3 (193.0 mg).

Norstictic acid (1): White powder, mp.
286 — 287 °C. 'H-NMR (DMSO-ds) and
13C-NMR (DMSO-ds) data as seen in Table 1.

Stictic acid (2): White powder, mp. 270 —
272 °C. 'H-NMR (DMSO-ds) and *C-NMR
(DMSO-ds) data as seen in Table 1.


http://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=11&sqi=2&ved=0CKYBEBYwCg&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFree_University_of_Berlin&ei=P33YT7LeE62TiQeziIGjAw&usg=AFQjCNHZZPhU-w3dvWuuMZUjV89t1yLWQA
http://www.google.com.vn/url?sa=t&rct=j&q=&esrc=s&source=web&cd=11&sqi=2&ved=0CKYBEBYwCg&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFree_University_of_Berlin&ei=P33YT7LeE62TiQeziIGjAw&usg=AFQjCNHZZPhU-w3dvWuuMZUjV89t1yLWQA
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8-O-methylstictic acid (3): White powder,

mp. 248 — 249 °C. 'H-NMR (DMSO-ds) and
13C-NMR (DMSO-ds) data as seen in Table 1.

3. RESULTS AND DISCUSSIONS
3.1 Structural elucidation of compound 1

The *H NMR spectrum of 1 exhibited
eight proton signals including two methyl
groups attached to aromatic rings at 6 2.20
(H-9%) and 2.44 (H-8), one hemiacetal proton
at 6 6.78 (H-8"), one aromatic proton at & 6.84
(H-5), two hydroxyl groups at 10.16 (4-OH)
and 8.26 (8’-OH), one formyl group at 5 10.45
(C-9) and one chelated hydroxyl group to a
neighboring carboxyl group at & 12.04
( 2°-OH). The presence of only one aromatic
proton at 5 6.84 (H-5) was supportive of the
ether bridge between C-2 and C-5’ leading to
a depsidone skeleton.[ 4]

The BC-NMR spectrum of compound 1
showed 18 carbons including 12 aromatic
carbons, two carboxyl group signals at &
163.6, 160.3 and one hemiacetal carbon at 5
95.0. It showed two methyl signals at 6 9.6
(3’-CHBs), 21.4 (6-CHs) and one formyl group
at 6192.8 (C-9). The positions of these
groups were confirmed by HMBC
correlations (Figure 2).

In the HMBC experiment, the aromatic
proton at & 6.84 (H-5) showed HMBC
correlations with C-1 (8 111.8), C-4 (6 164.0),
6-CHs (8 21.4) and C-9 (6 192.8). The proton
of formyl group at & 10.45 showed HMBC
correlations with C-3 (6 110.6), C-4 (5 164.0)
and C-5 (& 117.4) established the position of
the CHO group at C-3. The two methyl groups
could be linked at C-6 and C-3 by
correlations from H-8 to C-1, C-5, C-6 and
H-9’ to C-2’, C-3’and C-4’

The spectral data were suitable to the
published ones [5] therefore, the chemical

structure of compound 1 was ditermined as
norstictic acid.

Figure 2. Key HMBC correlations in
norstictic acid (1).

3.2 Structural elucidation of compound 2

Compound 2 was obtained as white powder.
The *H NMR spectrum of 2 was similar to the
one of compound 1, except the presence of a
singlet signal at 6 3.94 (3H, s, 4-OCHs) for an
additional methoxy group. This was also
supported by *C-NMR according to the
presence of methoxy group at & 56.7 ppm.
The position of this methoxy was assigned at
C-4 due to the HMBC correlation between
this proton and C-4 (6 163.0 ppm).

Figure 3. Key HMBC correlations in
stictic acid (2)

The structure of compound 2 was
demonstrated by HMBC correlation (Figure
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3). The above NMR data analysis and
comparison with those in literature [6]
suggested that compound 2 was static acid.

3.3 Structural elucidation of compound 3

Compound 3 was obtained as white
powder. The *H-NMR in DMSO-d6 of 3 gave
signals for two methyl groups (6 2.19, 2.50),
one each for methoxy (6 3.92) and aldehyde
(6 10.40) attached to aromatic rings at almost
the same chemical shifts given by 2, whereas
an additional methoxy signal at & 3.44 was
given by 3 in place of a signal for a lactol at &
8.19 observed in 2. The BC-NMR also
showed the presence of an additional methoxy
group at & 56.8 ppm. The position of this
methoxy was assigned at C-8’ due to the
HMBC correlation between this proton and
C-8’ (5 100.0 ppm).

Figure 4. Key HMBC correlations in
8-0O-methylstictic acid (3)

The structure of compound 3 was
confirmed by HMBC correlations (Figure 4).
The above NMR data analysis and comparison
with those in literature [7] suggested that
compound 3 was 8-O-methylstictic acid.

4. CONCLUSSION

Usnea aciculifera Vain, lichen growing
widely and abundantly on the bark of Pinus
dalatensis at Lam Dong Province, Viet Nam,
has not yet been chemically and
pharmaceutically studied. Our chemical study
on Usnea aciculifera lead to the isolation and
the structure elucidation of three depsidones,
including norstictic acid (1), stictic acid (2)
and 8-O-methylstictic acid (3) by 1D and 2D
NMR analysis. Although norstictic acid has
been isolated from Usnea densirostra and
Usnea angulata, it was isolated for the first
time in the species Usnea aciculifera. Stictic
acid has been demonstrated the ability in
inhibiting cell growth of human colon
adenocarcinoma HT-29 cells. There was a
remarkable result that norstictic acid (1) and
stictic acid (2) presented in high yield of
around 0.13% and 0.15%, respectively,
comparing to the dried material of Usnea
aciculifera. This species of lichen seems to
become a potential medicinal resource.
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Table 1: NMR spectroscopic data of compounds 1, 2 and 3

Compound 1 Compound 2 Compound 3
Position (DMSO-ds) (DMSO-ds) (DMSO-ds)
OH dc OH oc OH dc
1 111.8 113.0 113.3
2 166.2 162.3 162.5
3 110.6 114.3 114.4
4 164.0 163.0 162.9
5 6.84 (1H,s) | 117.4 7.11 (1H,s) | 112.7 | 7.10 (1H,s) | 113.0
6 152.3 150.8 152.4
7 160.3 160.6 160.7
8 244 (3H,s) | 21.4 2.52 (3H,s) | 214 2.50 (3H,s) | 21.6
9 10.45 (1H,s) | 192.8 10.49 (1H,s) | 186.6 | 10.40 (1H,s) | 186.8
10 - - 3.94 (3H,s) | 56.7 3.92 (3H,s) | 56.8
I 109.2 109.1 109.0
2’ 152.1 151.8 151.1
3’ 120.9 120.7 121.8
4 147.9 147.9 148.4
5’ 137.4 135.8 133.2
6’ 135.8 137.4 137.7
7 163.6 166.3 166.0
8’ 6.78 (1H, brs) | 95.0 6.63 (1H,s) | 95.0 6.47 (1H, s) | 100.0
9 2.20 (3H, s) 9.6 2.22 (3H, s) 9.5 2.19(3H,s) | 9.8
10° - - - - 3.44 (3H,s) | 57.0
2’-OH | 12.04 (1H, brs) 10.14 (1H, s) - -
4-OH |10.16 (1H, brs) - - -
8’-OH 8.26 (1H, s) 8.19 (1H, s) - -
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