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The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
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Cites / Doc. (4 years) 2006 0.836
Cites / Doc. (4 years) 2007 0.723
Cites / Doc. (4 years) 2008 0.936

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.
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External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.
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International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 22.22
2000 22 45

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
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Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.
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Uncited documents 2000 146
Uncited documents 2001 136
Uncited documents 2002 109
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Natural Product Research 
Formerly Natural Product Letters

This journal 

Aims and scope

The aim of Natural Product Research is to publish important contributions in the �eld

of natural product chemistry. The journal covers all aspects of research in the chemistry

and biochemistry of naturally occurring compounds.

The communications include coverage of work on natural substances of land and sea

and of plants, microbes and animals. Discussions of structure elucidation, synthesis and

experimental biosynthesis of natural products as well as developments of methods in

these areas are welcomed in the journal. Finally, research papers in �elds on the

chemistry-biology boundary, eg. fermentation chemistry, plant tissue culture

investigations etc., are accepted into the journal.

Natural Product Research issues will be subtitled either "Part A - Synthesis and

Structure" or "Part B - Bioactive Natural Products". for details on this , see the

forthcoming articles section.

All manuscript submissions are subject to initial appraisal by the Editor, and, if found

suitable for further consideration, to peer review by independent, anonymous expert

referees. All peer review is single blind and submission is online via ScholarOne

Manuscripts.

Peer Review Policy 

All submitted manuscripts are subject to initial appraisal by the Editor. If found suitable

for further consideration, papers are subject to peer review by independent,

anonymous expert referees. All peer review is single blind and submissions can be

made online at http://mc.manuscriptcentral.com/gnpl. 
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Publishing Ethics 

The Journal adheres to the highest standards of publishing ethics, with rigorous

processes in place to ensure this is achieved. Taylor & Francis is a member of

Committee on Publication Ethics (COPE) and utilises CrossCheck for all Journals. More

information on our ethical standards and policies can be found here:

http://authorservices.taylorandfrancis.com/ethics-for-authors/ 
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Journal

Natural Product Research 
Formerly Natural Product Letters

This journal 

Journal information

Print ISSN: 1478-6419 Online ISSN: 1478-6427

24 issues per year

Natural Product Research is indexed in: Cambridge Crystallographic Data Centre;

Chemical Abstracts Service; Embase; Google Scholar; MEDLINE; Microsoft Academic;

ProQuest; Science Citation Index Expanded and Scopus.

Taylor & Francis make every e�ort to ensure the accuracy of all the information (the

"Content") contained in our publications. However, Taylor & Francis, our agents, and our

licensors make no representations or warranties whatsoever as to the accuracy,

completeness, or suitability for any purpose of the Content. Any opinions and views

expressed in this publication are the opinions and views of the authors, and are not the

views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied

upon and should be independently veri�ed with primary sources of information. Taylor &

Francis shall not be liable for any losses, actions, claims, proceedings, demands, costs,

expenses, damages, and other liabilities whatsoever or howsoever caused arising directly or

indirectly in connection with, in relation to, or arising out of the use of the Content. Terms &

Conditions of access and use can be found at http://www.tandfonline.com/page/terms-and-

conditions .
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Editorial board
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Two novel coumarins bearing an acetophenone
derivative from the leaves of Melicope Quercifolia

Ratih Dewi Saputri, Tjitjik Srie Tjahjandarie and Mulyadi Tanjung

Natural Products Chemistry Research Group, Organic Chemistry Division, Faculty of Science and
Technology, Department of Chemistry, Universitas Airlangga, Surabaya, Indonesia

ABSTRACT
Meliquercifolins A (1), and B (2), two new coumarins are bearing
an acetophenone derivative were isolated from the leaves of
Melicope quercifolia along with three known compounds, melico-
denines E (3), F (4) and I (5). Structures of two new compounds
were identified based on spectroscopic analyses (UV, HR-ESI-MS,
1D and 2D NMR). Cytotoxic activities of compounds (1–5)
towards three human cancer cells (HeLa, MCF-7, P-388), com-
pounds 1, 4 and 5 showed very potent activity against Hela cells
with IC50 values 2.6; 0.8; 1.1lM, respectively.
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KEYWORDS
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1. Introduction

Melicope quercifolia (Rutaceae) is a small tree and found as an endemic plant in West
Java, Indonesia. The leaves of M. quercifolia have been used to treat skin diseases
(Appelhans et al. 2018). Acetophenones (Nguyen et al. 2016), alkaloids (George et al.
2017), coumarins (Xu et al. 2016), flavonoids (Saputri et al. 2018), and phenylpropa-
noids (Nakashima et al. 2012) are phenolic compounds from the Melicope plants.
Some of the phenolic compounds showed various Diels-Alder adduct and [2þ 2]
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cycloaddition (Nakashima et al. 2012). Melicodenines E (3), F (4) and I (5) formed a
[2þ 2] cycloaddition type, and a Diels-Alder adduct type. In the ongoing phytochem-
ical investigation of M. quercifolia, we report two new compounds, meliquercifolins A
(1), and B (2) from the leaves of M. quercifolia. These structures of two new com-
pounds are coumarins bearing an acetophenone moiety. Heterodimer compounds (1
and 2) are the first time found skeleton structure from Melicope. The cytotoxic proper-
ties against three human cancer cells (P-388, MCF-7, and HeLa) of isolated compounds
will also report.

2. Result and discussion

Meliquercifolin A (1) obtained a colorless oil in which showed an optical rotation was
inactive. Based on the HRESIMS measurement of 1 gave a positive ion peak [MþH]þ

at m/z 479.1729 correspondings for a molecular formula C27H27O8. The IR absorptions
of 1 displayed vibrations the presence of conjugated C¼O (1636 cm�1), aromatic
(1608 and 1579 cm�1) and ether (1119 cm�1) groups. Two maximum absorptions at
kmax 280 (3.86) and 332 (3.88) nm very like with benzoyl and cinnamoyl chromophore.
Four signals of a 1,2,3,4-tetrasubstituted cyclobutane ring showed at dH 3.05 (1H, dd,
J¼ 9.8; 5.8 Hz, H-3�), dH 3.96 (1H, t, J¼ 2.2 Hz, H-4�), dH 4.71 (1H, t, J¼ 6.9 Hz, H-6) and
dH 5.42 (1H, ddd, J¼ 8.2; 6.2; 2.2 Hz, H-7). The signal at dH 5.42 implied an oxymethine
attached in the cyclobutane ring. Compound 1 also demonstrated the presence of
two proton signals of two aromatics at dH 5.98 (1H, s, H-8�), dH 6.21 (1H, s, H-9) and a
pair of cis vinylic of chromen-2-one ring at dH 6.01 (1H, d, J¼ 9.8 Hz, H-3), dH 7.82 (1H,
d, J¼ 9.8 Hz, H-4). Based on the 1H NMR spectrum, compound 1 likewise showed the
presence of three methyl signals at dH 2.17 (3H, s, H-10�), dH 1.19 (3H, s, H-11�), dH 1.61
(3H, s, H-12�) as well as three methoxyl signals at dH 4.04 (3H, s, 5-OCH3), dH 3.67 (3H,
s, 5�-OCH3), and dH 3.59 (3H, s, 7�-OCH3). The

13C NMR analysis (APT experiment), com-
pound 1 showed 27 carbon signals that are completely separated, consisting of six
methyl carbons, eight methine carbons, and 13 quaternary carbons. Three of them (dC
161.9; dC 139.5 and dC 109.7) are characteristic of C-2, C-3, and C-4 of the chromen-2-
one ring (coumarin). Furthermore, two signals of the acetyl group (dC 32.3; dC 202.5)
are characteristic of the acetophenone structure (Nakashima et al. 2012). The signal of
a cis vinylic of chromen-2-one at dH 7.82 (H-4) in the HMBC spectrum exhibited correl-
ation with two oxyaryl carbons, C-5 (dC 152.7), C-9a (dC 156.7) and a lactone carbonyl
at C-2 (dC 161.9) as well as the methoxyl signal at dH 4.04 correlated to C-5 (dC 152.7)
unambiguously located the methoxyl group at C-5. Another proton signal of a cis
vinylic at dH 6.01 (H-3) correlated to C-2 (dC 161.9) and a quaternary carbon at C-4a
(dC 108.1). Furthermore, a signal of aromatic at dH 6.21 correlated to two oxyaryl car-
bons at C-9a (dC 156.7); C-8a (dC 168.5) and two quaternary carbons at C-4a (dC 108.1);
C-5a (dC 104.7) showed that the signal of dH 6.21 at H-9. A signal of an oxymethine at
dH 5.42 correlated to C-8a (dC 168.5), and C-4� (dC 34.7) revealed that a part of the het-
erodimer is bergapten (coumarin) (Nakashima et al. 2012). The HMBC spectrum, a sig-
nal of methine at dH 4.71 (H-6) correlated to C-3� (dC 45.5), C-4� (dC 34.7) and C-8a (dC
168.5) reinforced the structure of the bergapten experiencing a [2þ 2] cycloaddition
reaction on furano ring (Nakashima et al. 2012). A methine signal (cyclobutane ring) at
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dH 3.96 (H-4�) correlated to dC 44.1 (C-6), dC 84.9 (C-7), dC 156.4 (C-8�a) and dC 106.6 (C-
4�a). Two methyl signals of pyrano ring at dH 1.19 (H-11�) and dH 1.61 (H-12�) correlated
to a methine carbon at C-3� (dC 45.5) and an ether cyclic carbon at C-2� (dC 74.0).
Besides, a signal of aromatic isolated at dH 5.98 (H-8�) correlated to an oxyaryl carbon
at dC 156.8 (C-7�), and two quaternary carbons at dC 106.6 (C-4�a); 117.8 (C-6�). A
methoxyl signal at dH 3.67 (7�-OCH3) correlated to dC 156.8 (C-7�). Another a methoxyl
signal at dH 3.59 (5�-OCH3) correlated to dC 155.7 (C-5�). A methyl signal of acetyl at dH
2.17 (H-10�) correlated to dC 202.5 (C-9�). These correlations showed that a part of evo-
dionol (Nakashima et al. 2012). This result implied that compound 1 is a reaction of
[2þ 2] cycloaddition between bergapten-evodionol. Therefore, the structure of meli-
quercifolin A established as 1.

Meliquercifolin B (2) also acquired as a colorless oil. The UV absorption bands (kmax 269,
335), and IR (1620, 1601, 1571 and 1110 cm�1) absorptions very semblable with 1. The
molecular formula of compound 2 was assigned to be C28H29O9 exhibited positive ion
peak [MþH]þ at m/z 509.1802 (calcd for 509.1812) by HRESIMS measurement. The 1H and
13C NMR spectrum of 2 had very semblable with 1. The main difference, the 1H and 13C
NMR of 2 showed a methoxyl group at C-9 (dH 3.98; dC 58.6). The HMBC and HMQC experi-
ments confirmed the location of a methoxyl group at C-9. With the addition, a methoxyl
group attached in the aromatic ring of coumarin skeleton indicated is [2þ 2] cycloaddition
between isopimpinellin-evodionol. Based on UV, IR, HRESIMS, 1D, and 2D NMR measure-
ments, the structure of meliquercifolin B assigned as 2. The chemical structures of isolated
compounds shown in (Figure 1).

Three known compounds, melicodenine E (3), melicodenine F (4) and melicodenine
I (5) from HRESIMS, 1 D and 2D NMR data showed chemical formula, and the chemical

Figure 1. Chemical structures of isolated compounds from M. quercifolia.
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shift very resemblant with published previously (Nakashima et al. 2012; George et al.
2017). Compound 3 is a form of a [2þ 2] cycloaddition reaction of N-methylflindersin-
melicodin A, and compound 4 is N-methylflindersin-bergapten. Compound 5 is a
[4þ 2] cycloaddition (a Diels-Alder adduct type) two N-methylflindersins (George et al.
2017; Nakashima et al. 2012).

Those cytotoxic activities of isolated compounds, compounds 1, 4 and 5 showed high
activity against HeLa cells while compounds 2 and 3 were inactive. However, all of the
isolated compounds were inactive against MCF-7 and P-388 cells (Table 1). For coumarin
bearing an acetophenone derivative, compound 1more active than compound 2 against
HeLa cells. The influence of a methoxyl group at C-9 suggested as a critical element to
decrease the cytotoxic effect towards HeLa cells. The melicodenine E (4) more active
than meliquercifolins A (1). However, compound 4 slightly active than compound 5. The
N-methylflindersin factor is a crucial element to enhance the cytotoxic effect of HeLa
cells. In addition to the N-methylflindersin factor tend to increase cytotoxic activity
against human colon cancer cells (DLD-1) (Nakashima et al. 2012).

3. Experimental

3.1. Plant material

The fresh leaves of M. quercifolia obtained from Cianten Farm, Cigudek District, Bogor,
West Java, Indonesia on Nov. 2017. The plant identified by Mr. Ismail Rachman, a bot-
anist senior from the Herbarium Bogoriense, Bogor, Indonesia. A specimen (MQ
20171104) deposited as a reference.

3.2. Extraction and isolation

The air-dried leaves of M. quercifolia (2.0 kg) were extracted with MeOH three times
(6 L, each for two days) at room temperature. Evaporation of the solvent with evapor-
ator gave a MeOH extract (450 g) and then partitioned with n-hexane three times.
Furthermore, the MeOH extract was added with H2O (4:1 v/v) and partitioned with
EtOAc three times gave the crude extract (5 g). The EtOAc extract (4.8 g), fractionatio-
nated by CC on silica gel, eluted with n-hexane-EtOAc (from 9:1 to 3:7) providing two
fractions, A and B. Fraction A (1.3 g) was fractionationated by CC chromatography on
polyamide, eluted with n-hexane-CHCl3 (from 9:1 to 1:4) gave two subfractions, A1 and
A2. Compounds 3 (13mg) and 4 (15mg) were isolated from subfraction A2 (655mg)
using radial planar chromatography with the same eluent. Fraction B (800 g) was

Table 1. Cytotoxic activities of isolated compounds (1–5).

Compound

IC50 (lM)

HeLa MCF-7 P-388

1 2.6 ± 0.10 >100 78.9 ± 1.20
2 >100 >100 >100
3 >100 >100 11.9 ± 0.42
4 0.8 ± 0.01 >100 38.3 ± 0.87
5 1.1 ± 0.05 >100 >100
Artonin E – – 1.33 ± 0.07
Doxorubicin 0.9 ± 0.04 0.8 ± 0.02 –
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separated by CC chromatography on polyamide, and eluted n-hexane-EtOAc (from 4:1
to 1:1) gave subfractions B1-B2. Compounds 1 (5mg) and 2 (7mg) was obtained from
subfraction B1 (265mg) by radial planar chromatography, eluted with n-hexane-diiso-
propylether (from 3:9 to 7:3), and diisopropylether as a solvent system. By the same
methods, compound 5 (16mg) isolated from subfraction B2 (148mg).

3.3. Spectral data

Meliquercifolin A (1): yellow solid, UV/Vis (MeOH) kmax (nm) (log e): 217 (3.03), 269
(3.08), 289 (3.20) and 325 (2.81) nm. IR (KBr) mmax (cm

�1): 3411, 2972, 2925, 2852, 1649,
1604, 1579 and 1159. 1H-NMR (400MHz, CDCl3) dH ppm: 6.01 (1H, d, J¼ 9.8 Hz, H-3),
7.81 (1H, d, J¼ 9.8 Hz, H-4), 4.04 (3H, s, 5-OCH3), 4.71 (1H, t, J¼ 6.9 Hz, H-6), 5.42 (1H,
ddd, J¼ 8.2; 6.2; 2.2 Hz, H-7), 6.21 (1H, s, H-9), 3.05 (1H, dd, J¼ 9.8; 5.8 Hz, H-3�), 3.96
(1H, t, J¼ 2.2 Hz, H-4�), 3.67 (3H, s, 5�-OCH3), 3.59 (3H, s, 7�-OCH3), 5.98 (1H, s, H-8�), 2.17
(3H, s, H-10�), 1.19 (3H, s, H-11�) and 1.61 (3H, s, H-12�). 13C-NMR (100MHz, CDCl3), dC
ppm: 161.1 (C-2), 109.7 (C-3), 139.5 (C-4), 108.1 (C-4a), 152.7 (C-5), 104.7 (C-5a), 44.1 (C-
6), 84.9 (C-7), 168.5 (C-8a), 91.7 (C-9), 156.7 (C-9a), 74.0 (C-2�), 45.5 (C-3�), 34.7 (C-4�),
106.6 (C-4�a), 155.7 (C-5�), 62.6 (5�-OCH3), 117.8 (C-6�), 156.8 (C-7�), 55.8 (7�-OCH3), 96.8 (C-
8�), 156.4 (C-8�a), 202.5 (C-9�), 32.3 (C-10�), 25.3 (C-11�) and 25.7 (C-12�). HRESIMS: m/z
[MþH]þ calcd. for C27H27O8 479.1706, found 479.1729.

Meliquercifolin B (2): yellow solid, UV/Vis (MeOH) kmax (nm) (log e): 217 (3.33), 234
(3.12), 255 (3.02), 268 (2.98) and 299 (2.69) nm. IR (KBr) m (cm�1): 3448, 2966, 2923,
2854, 1651, 1627, 1460 and 1186. 1H-NMR (400MHz, CDCl3) dH ppm: 6.02 (1H, d,
J¼ 9.6 Hz, H-3), 7.79 (1H, d, J¼ 9.6 Hz, H-4), 3.68 (3H, s, 5-OCH3), 4.75 (1H, t, J¼ 6.8Hz,
H-6), 5.50 (1H, dd, J¼ 6.8; 3.9 Hz, H-7), 3.98 (3H, s, 9-OCH3), 3.09 (1H, dd, J¼ 9.9; 5.8 Hz,
H-3�), 3.99 (1H, dd, J¼ 5.8; 1.8 Hz, H-4�), 3.68 (3H, s, 5�-OCH3), 3.57 (3H, s, 7�-OCH3), 5.92
(1H, s, H-8�), 2.21 (3H, s, H-10�), 1.12 (3H, s, H-11�), and 1.66 (3H, s, H-12�). 13C-NMR
(100MHz, CDCl3), dC ppm: 160.9 (C-2), 109.9 (C-3), 139.6 (C-4), 104.4 (C-4a), 126.0 (C-5),
106.9 (C-5a), 44.4 (C-6), 85.3 (C-7), 159.8 (C-8a), 148.1 (C-9), 149.1 (C-9a), 74.1 (C-2�), 45.7
(C-3�), 34.5 (C-4�), 106.2 (C-4�a), 156.9 (C-5�), 62.7 (5�-OCH3), 117.3 (C-6�), 156.8 (C-7�), 55.8
(7�-OCH3), 96.8 (C-8�), 163.8 (C-8�a), 209.2 (C-9�), 32.3 (C-10�), 25.4 (C-11�), and 25.7 (C-12�).
HRESIMS: m/z [MþH]þ calcd. for C28H29O9 509.1812, found 509.1802.

3.4. Cytotoxic assay

Effect cytotoxic of compounds (1-5) against HeLa (human cervical cancer cells), MCF-7
(human breast cancer cells), P-388 (human murine leukemia cells) were evaluated
using the MTT colorimetric methods (Mah et al. 2015; Tanjung et al. 2017, 2018;
Segun et al. 2019). Doxorubicin used as a control positive for HeLa, and MCF-7 as well
as artonin for P-388 cells.

4. Conclusions

Meliquercifolins A (1) and B (2), two new coumarins bearing an acetophenone deriva-
tive were isolated from the leaves of M. quercifolia together with three known
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compounds, melicodenines E (3), F (4) and I (5). Compounds (1 and 2) are the first
time coumarin bearing an acetophenone derivative found on Melicope.
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