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ABSTRACT ARTICLE HISTORY

Three new pyranoxanthones, calotetrapterins A-C (1-3) were iso- Received 9 April 2019
lated from the stem bark of Calophyllum tetrapterum Miq along Accepted 18 June 2019
with three known xanthones, w-mangostin (4), garciniafuran (5),
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1. Introduction

The genus Calophyllum (Calophyllaceae) comprises about 198 species found mainly in
the restrictive area of Southeast Asia. Calophyllum plants are source of phenolic com-
pounds especially xanthones (Ferchichi et al. 2012; Daud et al. 2016), benzofurans
(Tanjung et al. 2018) and 4-phenylcoumarins (Zhong et al. 2010) containing isoprenyl
as side chain. Isoprenylation of phenolic compounds displays as a major chromophore
to increase their cytotoxicity activities against various human cancer cells (Mah et al.
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2015). Calophyllum tetrapterum Miq. is one species plant found originated in East
Kalimantan, Indonesia. Based on our knowledge, no pyranoxanthones from
C.tetrapterum has been reported. As part of the phytochemical investigation on
Calophyllum in Indonesia, six pyranoxanthones including three new pyranoxanthones
(1-3) were isolated from the stem bark of C. tetrapterum. The cytotoxic activity of pyr-
anoxanthones against murine leukemia P-388 is also reported.

2. Result and discussion

Calotetrapterin A (1) showed absorption bands at Ap., 247, 264, 322 nm consimilar
with a xanthone chromophore (Tanjung et al. 2018). The HRESIMS spectrum displayed
negative ion peak [M-HI" at m/z 461.1971 appropriate with a molecular formula of
C2sH3006. The IR spectrum of 1 showed strong absorption for hydroxyl (3423cm™"),
conjugated carbonyl (1622cm "), and aromatic (1577 and 1460cm ") groups. The 'H
NMR spectrum of 1 demonstrated two aromatic signals at 6, 6.40 (H-4) and 6.77 (H-5)
recommended for a 1,2,3,6,7,8-hexasubstituted xanthone (Azebaze et al. 2004).
Additionally, the "H NMR spectrum of 1 also showed the signals of hydroxyl group, 3-
methyl-2-butenyl (isoprenyl), 3-methyl-1-butenyl, and a monosubstituted 2,2-dimethyl-
pyrano ring confirmed by HMBC spectrum. A signal at 8 13.77 is the signal a hydroxyl
group at C-1 of xanthone structure. The presence of 3-methyl-2-butenyl side chain sig-
nals showed a methylene signal at 6y 3.34 (2H, d, J=7.3Hz, H-1), a vinylic at &4 5.27
(1H, tm, J=7.3Hz, H-2), and two methyls at &4 1.63 (3H, s, H-4), and 1.77 (3H, s, H-5).
The signal of a monosubstituted 2,2-dimethylpyrano ring demonstrated a vinylic at 3y
8.19 (1H, s, H-4), and a gem dimethyl at 1.49 (6H, s, H-5/H-6). A downfield signal at &4
8.19 indicating for a vinylic from influenced by anisotropic factor from carbonyl group
(Azebaze et al. 2004). Furthermore, the signal of 3-methyl-1-butenyl side chain showed
a vinylic at 8y 6.02 (1H, dd, J=10.6; 17.5Hz, H-8), a methylene terminal [8y 5.16 (1H,
dd, J=1.1; 17.5Hz, H-94) and &y 5.08 (1H, dd, /=1.1; 10.6Hz, H-9b)], and a gem
dimethyl at &,; 1.41 (6H, s, H-107H-11). The >C NMR spectrum (APT experiment) of 1
demonstrated the existence of six methyl carbons, two methylene carbons, five
methine carbons and 15 quaternary carbons (including one carbonyl carbon and six
oxyaryl carbons). The location of hydroxyl, 3-methyl-2-butenyl side chain, 3-methyl-1-
butenyl side chain, and a monosubstituted 2,2-dimethylpyrano ring was confirmed
with HMQC and HMBC spectra. The signal of a chelated hydroxyl at éy 13.77 (1-OH)
showed correlation to C-1 (6¢ 161.5), C-2 (6¢c 110.9), C-9a (d¢ 103.8) and methylene sig-
nal of 3-methyl-2-butenyl side chain at H-1" (84 3.34) correlated to C-2 (5. 110.9), C-3
(6c 162.9), C-2" (6 1234), C-3 (8¢ 131.4) showing that isoprenyl side chain located at
C-2. The signal aromatic at 6y 6.40 (H-4) showed correlation with to C-2 (6 110.9), C-3
(6c 162.9), C-4a (6 155.9), and C-9a (dc 103.8) supported that an isoprenyl at C-2.
Furthermore, the signal at &y 6.77 (H-5) correlated to three oxyarils [C-6 (8- 154.1), C-7
(6c 137.6)], C-10a (6 153.3), and a quaternary carbon at C-8a (d¢ 108.4). Consequently,
a monosubstituted 2,2-dimethylpyrano ring attached to aromatic at C-7 and C-8. The
location of a monosubstituted 2,2-dimethylpyrano ring attached to C-7 and C-8 was
supported by the long-range correlations of the proton signal at 4 8.19 (H-4) to C-7
(6c 137.6), C-8a (dc 108.4), C-2° (dc 80.3), C-7 (5c 42.7) unequivocally located the
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3-methyl-1-butenyl side chain at C-37 The existence of long-range correlations of a
gem dimethyl at 64 1.41 (H-10/H-11) to C-3" (¢ 149.7), C-7 (5¢ 42.7), C-8 (6¢ 147.9), C-
117C-10" (¢ 42.7) and the signal of a methylene terminal at 8y 5.16, and 3 5.08 (H-9)
correlated to C-7 (6c 42.7), C-8 (8¢ 147.9) obviously placed the 3-methyl-1-butenyl side
chain at C-3. Based on the above-mentioned spectral orientation, the structure of
calotetrapterin A was established as 1.

Calotetrapterin B (2) was obtainted also as a yellow solid, showed UV (hnax 245,
268, 320), and IR (3330, 1616, 1571, 1463 cm™ ') absorptions very resemblant with 1. Its
molecular formula was established as CogH300; showed [M+H]" ion at m/z 479.2076
by the HRESIMS. The NMR spectrum ('H and '3C) of 2 had very consimilar with 1. The
major difference, the 'H and >C NMR of 2 showed a 2-(1-hydroxy-1-methylethyl)dihy-
drofuran ring attached to C-2 and C-3. The location of a 2-(1-hydroxy-1-methylethyl)di-
hydrofuran ring was assigned by HMBC and HMQC spectrum. The long-range
correlations a chelated hydroxyl group at &y 13.67 (1-OH) to C-1 (8¢ 158.7), C-2 (d¢
108.8), C-9a (8¢ 103.8), and the signal of a methylene of dihydrofuran ring at &y 3.15
(H-3) correlated to C-2 (6¢ 108.8), C-4 (6¢ 71.4) showed that a 2-(1-hydroxy-1-methyle-
thyl)dihydrofuran ring attached to C-2 and C-3. The signal of oxymethine at 5, 4.82
(H-2) correlated to C-5" (8¢ 25.9),C-6" (6¢ 25.6) supporting that the location of a 2-(1-
hydroxy-1-methylethyl)dihydrofuran fused at C-2 and C-3. Other HMBC correlations of
2 consistent with structure of calotetrapterin B.

Calotetrapterin C (3) was obtained also as a yellow solid. Its molecular formula was
established as C,gH350; with HRESIMS spectra by means of ion peak [M+H]" at m/z
477.1911. The NMR ('H and '*C) spectra data of 3 were identically to those 2. The main
difference, in the NMR ('H, '*C) of 3 displayed a 2-(1-hydroxy-1-methylethyl)furan ring
and dertemined based on HMBC and HMQC measurement. The HMBC long-range corre-
lations of a chelated hydroxyl at 1-OH (84 14.25) exhibited that cross peaks with C-1 (d¢
156.8), C-2 (8¢ 113.7), and C-9a (¢ 105.6). The signal of a vinylic of furan ring at H-3" (5
6.86) correlated to C-2 (¢ 113.7), C-3 (8¢ 160.0), C-2 (3¢ 165.6) and a gem dimethyl at H-
5/H-6" (&4 1.62) showing correlations with C-2" (6 165.6), C-4" (3 67.9). The long-range
correlations of 8y 6.86 and &y 1.62 with carbon signals were supported the location of a
2-(1-hydroxy-1-methylethyl)furan ring fused at C-2 and C-3 on xanthone skeleton. Based
on the above NMR data, structure 3 was established as calotetrapterin C.

Three known xanthones, «-mangostin (4), garciniafuran (5), pyranojacareubin (6) by
1D ('H, *C) and 2D (HMQC, HMBC) NMR, HRESIMS data very resemblant with pub-
lished data (Chae et al. 2012, Shiozaki et al. 2013).

The cytotoxic activity of compounds (1-6) were evaluated for their cytotoxicity
using cell viability in murine leukemia P-388 with MTT method. These compounds dis-
played IC5, values of 54+06, 1.0x02, 4104 2120%+1.1, 935+1.3, and
71.2£1.2 uM, respectively. Those cytotoxic data suggested that all of new compounds
(1-3) showed high activity and known compounds (4-6) were inactive. Influence of a
pyrano ring fused at C-7 and C-8 along with a 3-methyl-1-butenyl side chain attached
at C-3" suggested as a key factor to enhance cytotoxic effect (Ito et al. 2002). Hence,
the lipophilicity of a 3-methyl-1-butenyl side chain on pyrano ring contributes to dam-
age the cell membranes of P-388 cells. The main difference between the three new
compounds (1-3) be located in the substituent at C-2 and C-3. The existence of a




4 (&) M.TANJUNG ET AL.

dihydrofuran ring of compound 2 tend to be more active than a furan ring of com-
pound 3 fused at C-2 and C-3. However, influence of a furan ring of compound 3
slighly more active than the existence of the isoprenyl side chain at C-2 and hydroxyl
group at C-3 of compound 1.

3. Experimental
3.1. Plant material

The fresh stem barks of C. tetrapterum were collected from Mendawak River, East
Kalimantan, Indonesia in Apr 2016. The plant was authenticated by Mr. lsmail
Rachman, botanist from the Herbarium Bogeriense, LIPI, Bogor. A specimen (CT 65798)
was deposited as a reference.

3.2. Extraction and isolation

The dried stem barks of C. tetrapterum (1.8kg) was extracted successively at room
temperature with MeOH over a period of two days, and then evaporation of the solv-
ent under reduced pressure gave a dark brown residue (125g). The extract was redis-
solved in MeOH-H;0 (9:1) and partitioned with n-hexane (32g) and EtOAc (26g)
fractions. A part of EtOAc fraction (25g) was subjected to VLC chromatography over
silica gel and eluted with n-hexane-EtOAc (from 9:1 to 1:1) to give three fractions A-C.
TLC analysis of fraction A (2.5 g) showed no phenolic compounds with UV light, there-
fore analysis was not continued. Fraction B (3.6 g) was fractionated with CC chroma-
tography, eluted with n-hexane-EtOAc (from 19;1 to 7:3) gave two subfractions B,-B..
Subfraction B, (325 mg) was purified by planar radial chromatography using n-hexane-
CHCl; (from 4:1 to 1:1) to yielded compound 5 (10mg) and compound 6 (15mg).
Subfraction B; (410 mg) was purified by planar radial chromatography using n-hexane-
acetone (from 19:1 to 4:1) to obtain compound 2 (13mg) and compound 3 (18 mg).
Fraction C (4.5g) was separated by CC chromatography and eluted with n-hexane-
EtOAc (from 4:1 to 1:1) to produce three subfractions C;-Cs. Subfraction C; was puri-
fied by planar radial chromatography using n-hexane-EtOAc (from 9:1 to 3:7) to
yielded compound 1 (8 mg) and compound 4 (9 mg).

3.3. Spectral data

Calotetrapterin A (1): yellow solid, UV/Vis (MeOH) L. (nm) (log £): 247 (4.64), 264
(4.60), and 322 (4.38). IR (KBr) v (cm™'): 3423, 2972, 2923, 2852, 1622, 1577, 1460 and
1188. 'H-NMR (400MHz, acetone-ds) 8y ppm: 13.77 (1H, 5, 1-OH), 6.40 (1H, s, H-4), 6.77
(1H, s, H-5), 3.34 (2H, d, J=7.3Hz, H-1), 5.27 (1H, tm, J=7.3Hz, H-2), 1.63 (3H, s, H-4),
1.77 (3H, s, H-5), 8.19 (1H, s, H-4), 1.49 (6H, s, H-57H-6), 6.02 (1H, dd, J=10.6; 17.5Hz,
H-8), 5.16 (1H, dd, J=1.1; 17.5Hz, H-93), 5.08 (1H, dd, J=1.1; 10.6 Hz, H-9b), 1.41 (6H,
s, H-107H-11). >C-NMR (100 MHz, acetone-dg), ¢ ppm: 161.5 (C-1), 1109 (C-2), 162.9
(C-3), 93.2 (C-4), 155.9 (C-4a), 102.9 (C-5), 154.1 (C-6), 137.6 (C-7), 122.8 (C-8), 108.4 (C-
8a), 183.1 (C-9), 103.8 (C-9a), 153.3 (C-10a), 21.9 (C-1), 123.4 (C-2), 131.4 (C-3), 259 (C-
4), 17.8 (C-5), 80.3 (C-2), 149.7 (C-3), 1188 (C-4), 27.3 (C-5/C-6), 42.7 (C-7), 147.9 (C-8),
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112.2 (C-9), 28.6 (C-107C-11). HRESIMS: m/z [M-H]" calcd. for CogHzqQs 461.1964,
found 461.1971.

Calotetrapterin B (2): yellow solid, UV/Vis (MeOH) X ..« (nm) (log g): 245 (4.62), 268
(4.59), and 320 (4.36). IR (KBr) v (cm™"): 3330, 2958, 2952, 2856, 1616, 1571, 1463 and
1172. "H-NMR (400 MHz, acetone-ds) &y ppm: 13.67 (1H, s, 1-OH), 6.29 (1H, s, H-4), 6.80
(1H, s, H-5), 4.82 (1H, d, /=7.9; 9.4Hz, H-2), 3.15 (2H, t, J=8.2Hz, H-3), 1.24 (3H, s, H-
5), 1.29 (3H, s, H-6), 8.18 (1H, s, H=4), 1.50 (6H, s, H-5/H-6), 6.03 (1H, dd, /=10.6;
17.5Hz, H-8), 5.16 (1H, dd, J=1.1; 17.5Hz, H-93), 5.08 (1H, dd, J=1.1; 10.6 Hz, H-9b),
1.41 (6H, s, H-107H-11). ">*C-NMR (100 MHz, acetone-dy), 6¢ ppm: 158.7 (C-1), 108.8 (C-
2), 167.8 (C-3), 88.7 (C-4), 158.1 (C-4a), 1029 (C-5), 1534 (C-6), 137.8 (C-7), 122.7 (C-8),
108.3 (C-8a), 183.3 (C-9), 103.8 (C-9a), 154.6 (C-10a), 92.8 (C-2), 27.0 (C-3), 71.4 (C-4),
259 (C-5), 25.6 (C-6), 80.4 (C-2), 149.8 (C-3), 118.7 (C-4), 27.3 (C-5/C-6), 42.7 (C-7), 147.8
(C-8), 1123 (C-9), 28.7 (C-10/C-11). HRESIMS: m/z [M+H]" caled. for CagH3005
479.2070, found 479.2076.

Calotetrapterin C (3): yellow solid, IR (KBr) v (cm'): 3450, 2958, 2927, 2858, 1620,
1573, 1461 and 1172. 'H-NMR (400 MHz, acetone-ds) 8y ppm: 14.25 (1H, 5, 1-OH), 7.05
(1H, s, H-4), 6.78 (1H, 5, H-5), 6.86 (1H, s, H-3), 1.62 (6H, s, H-5/H-6), 8.19 (1H, 5, H-4),
1.52 (6H, s, H-5/H-6), 6.04 (1H, dd, /=10.6; 17.6Hz, H-8), 5.18 (1H, dd, J=1.1; 17.6 Hz,
H-94), 5.10 (1H, dd, J=1.1; 10.6 Hz, H-9b), 1.43 (6H, s, H-107H-11). ">*C-NMR (100 MHz,
acetone-dg), 6c ppm: 156.8 (C-1), 113.7 (C-2), 160.0 (C-3), 90.2 (C-4), 154.1 (C-4a), 102.9
(C-5), 152.8 (C-6), 137.8 (C-7), 122.0 (C-8), 108.1 (C-8a), 182.2 (C-9), 105.6 (C-9a), 154.9
(C-10a), 165.6 (C-2), 98.1 (C-3), 67.9 (C-4), 29.2 (C-5/C-6), 80.4 (C-2), 149.8 (C-3), 118.7
(C-4), 27.3 (C-5/C-6), 42.5 (C-7), 147.9 (C-8), 112.3 (C-9), 28.7 (C-10/C-11). HRESIMS: m/z
[M 4 H]" caled. for CogH2505 477.1913, found 477.1911.

3.4. Cytotoxic assay

All of compounds (1-6) were assayed cytotoxic activity against murine leukemia P-388
cell in accordance with the MTT colorimetric method as erenow described (Tanjung
et al. 2018; Saputri et al. 2018).

4. Conclusions

In summary, three new pyranoxanthones, calotetrapterins A-C (1-3) were isolated from
the stem bark of C. tetrapterum Miq together with three known xanthones, a-mangos-
tin (4), garciniafuran (5) and pyranojacareubin (6). Compound 2 showed high activity
against murine leukemia P-388.

Disclosure statement

The authors proclaim no potential conflict of interest.

Funding

This work was supported by Universitas Airlangga, Surabaya, Indonesia through Hibah Riset
Mandat grant 2018 number 1918/UN3.1.8./LT/2018.




6 (&) M.TANJUNG ET AL.

References

Azebaze AGB, Meyer M, Bodo B, Nkengfack AE. 2004. Allanxanthone B, a polyisoprenylated xan-
thone from the stem bark of Alfanblackia monticola Staner L.C. Phytochem. 65(18):2561-2564.

Chae H-5, Oh 5-R, Lee H-K, Joo SH, Chin Y-W. 2012. Mangosteen xanthones, o and y-mangostins,
inhibit allergic mediators in bone marrow-derived mast cell. Food Chem. 134(1):397-400.

Daud SB, Ee GCL, Malek EA, Ahmad Z, Hashim NM, See |, Teh 5SS, Ismail A. 2016. A new pyranox-
anthone from the stem bark of Calophyllum buxifolium. Chem Nat Compd. 52:807-809,

Ferchichi L, Derbre 5, Mahmood K, Toure K, Guilet D, Litaudon M, Awang K, Hadi AHA, Ray AML,
Richomme P. 2012. Bioguided fractionation and isolation of natural inhibitors advanced glyca-
tion end-products (AGEs) from Calophyllum flavoramulum. Phytochem. 78:98-106.

Ito C, Itoigawa M, Mishina Y, Filho VC, Mukainaka T, Tokuda H, Nishino H, Furukawa H. 2002.
Chemical constituents of Calophyllum brasiliensis: structure elucidation of seven new xan-
thones and their cancer chemopreventive activity. J. Nat Prod. 65(3):267-272.

Mah SH, Ee GCL, Teh SS, Sukari MA. 2015. Calophyllum inophyllum and Calophyllum soulattri
source of anti-proliferative xanthones and their structure-activity relationships. Nat Prod Res.
29(1):98-101.

Saputri RD, Tjahjandarie TS, Tanjung M. 2018. Meliglabrin, a new flavonol derivative from the
leaves of Melicope glabra (Blume) T.G. Hartley. Nat Prod Sci. 24(3):155-158.

Shiozaki T, Fukai M, Hermawati E, Juliawaty LD, Syah YM, Hakim EH, Puthongking P, Suzuki T,
Kinoshita K, Takahashi K, Koyama K. 2013. Anti-angiogenic effect of a-mangostin. J Nat Med.
67(1):202-206.

Tanjung M, Rachmadiarti F, Prameswari A, Agyani VUW, Saputri RD, Tjahjandarie TS, Syah YM.
2018. Airlanggins A-B, two new isoprenylated benzofuran-3-ones from the stem bark of
Calophyllum soulattri. Nat Prod Res. 32(13):1493-1498.

Tanjung M, Rachmadiarti F, Saputri RD, Tjahjandarie TS. 2018. Mesucalophylloidin, a new isopre-
nylated 4-phenylcoumarin from Mesua calophylloides (Ridl.) Kosterm . Nat Prod Res. 32(9):
1062-1067.

Zhong H, Ruan J-L, Yao Q-Q. 2010. Two new 4-arylcoumarins from the seeds of Calophyllum pol-
yanthum. J Asian Nat Prod Res. 12(7):562-568. [InsertedFromOnline[pubmedMismatch]]




Calotetrapterins A-C, three new pyranoxanthones and their

cytotoxicity from the stem bark of Calophyllum tetrapterum Miq

ORIGINALITY REPORT

25, 6. 24, O

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

Nilar. "Xanthones and benzophenones from
Garcinia griffithii and Garcinia mangostana”,
Phytochemistry, 200507

Publication

1o

Yu Chen, Hua Fan, Guang-zhong Yang, Yan
Jiang, Fang-fang Zhong, Hong-wu He.
"Prenylated Xanthones from the Bark of
Garcinia xanthochymus and Their 1,1-
Diphenyl-2-picrylhydrazyl (DPPH) Radical
Scavenging Activities", Molecules, 2010

Publication

1o

Dai, J.. "Combined biotransformations of
4(20),11-taxadienes", Tetrahedron, 20050606

Publication

1o

Siti Mariam Abdul Lathiff, Noraini Jemaon, Siti
Awanis Abdullah, Shajarahtunnur Jamil. "
Flavonoids from and their Bioactivities ",
Natural Product Communications, 2015

Publication

1o

Nguemeving, J.R.. "Laurentixanthones A and
B, antimicrobial xanthones from Vismia

1o



laurentii”, Phytochemistry, 200607

Publication

Welyi Wang, Yanyan Liao, Xiaomei Huang, 1 y
Chao Tang, Peng Cai. " A novel xanthone °
dimer derivative with antibacterial activity

isolated from the bark of ", Natural Product

Research, 2017

Publication

Yuan-Wah Leong, Leslie J Harrison, Joseph D 1 o
Connolly, David S Rycroft, Selma Dagli. °
"Amorphane sesquiterpenoids from the

liverwort Marsupella emarginata var.

aquatica", Tetrahedron, 2002

Publication

Tchokouaha, Ruben F., Xanthippi Alexi, 1 o
Elizabeth Chosson, Thierry Besson, Alexios- °
Leandros Skaltsounis, Elisabeth Seguin,

Michael N. Alexis, and Jean Wandiji.

"Erymildbraedin A and B, two novel cytotoxic
dimethylpyrano-isoflavones from the stem

bark of Erythrina mildbraedii: evaluation of

their activity toward endocrine cancer cells",

Journal of Enzyme Inhibition and Medicinal

Chemistry, 2010.

Publication

Nobutoshi Murakami, Satoru Tamura, Weiqi
Wang, Tatsuya Takagi, Motomasa Kobayashi.
"Synthesis of stable analogs in blood and
conformational analysis of arenastatin A, a

1o



potent cytotoxic spongean depsipeptide”,
Tetrahedron, 2001

Publication

Lynette K. Lambert, Mary J. Garson. " Lignans
and Triterpenes from the Bark of and ",
Journal of Natural Products, 2010

Publication

1o

Huang, Lu-Qiang, Zhi-Feng Li, Qi Wang, Ya-
Ru Cui, Yang-Hui Ou, Si-Si Xiong, Wen-Ping
Huang, Yu-Lin Feng, and Shi-Lin Yang. "Two
new furaldehyde compounds from the
rhizomes of Gastrodia elata”, Journal of Asian
Natural Products Research, 2015.

Publication

1o

Xin-Wen Zhang, Yan-Song Ye, Fan Xia, Xing-
Wei Yang, Gang Xu. "Diverse Polyphenols
from Hypericum faberi", Natural Products and
Bioprospecting, 2019

Publication

1o

Boonsri, S.. "Antibacterial and cytotoxic
xanthones from the roots of Cratoxylum
formosum", Phytochemistry, 200604

Publication

1o

Azebaze, A.G.B.. "Allanxanthone B, a
polyisoprenylated xanthone from the stem

bark of Allanblackia monticola Staner L.C",
Phytochemistry, 200409

Publication

1o

Panthong, K.. "Tetraoxygenated xanthones



from the fruits of Garcinia cowa", 1
Phytochemistry, 200605 %

Publication

Sobolev, Victor S., Scott A. Neff, and James 1 o
B. Gloer. "New Dimeric Stilbenoids from °
Fungal-Challenged Peanut (Arachis
hypogaea) Seeds", Journal of Agricultural and
Food Chemistry, 2010.

Publication

Sasaki, Hisako, Hirofumi Shibata, Kiyoshi 1 o
Imabayashi, Yoshihisa Takaishi, and Yoshiki °
Kashiwada. "Prenylated Flavonoids from the
Stems and Leaves of Desmodium caudatum
and Evaluation of Their Inhibitory Activity
against the Film-Forming Growth of
Zygosaccharomyces rouxii F51", Journal of
Agricultural and Food Chemistry

Publication

Muhtadi. "Cytotoxic resveratrol oligomers from 1 o
the tree bark of Dipterocarpus hasseltii", °
Fitoterapia, 200612

Publication

pubs.acs.org 1 .
Internet Source A)

RN
(0

Young Ho Kim, Eung-Seok Lee, Nuphavan M. <1 y
Koonchanok, Robert L. Geahlen, Curtis L. °
Ashendel, Ching-Jer Chang. " Prenylated

Flavanones from ", Natural Product Letters,

2006

20



Publication

Alexandru Razus. "Pyranylium Salts as <1 y
Synthones in the Synthesis of Substituted °
Benzenes", Synthetic Communications,

01/2009
Publication

Por.tet, B.. Actlv!ty-gwded isolation of <1 o
antiplasmodial dihydrochalcones and
flavanones from Piper hostmannianum var.
berbicense", Phytochemistry, 200705
Publication

Fatmawati, Sri, Taslim Ersam, and Kuniyoshi <1 y
Shimizu. "The inhibitory activity of aldose °
reductase in vitro by constituents of Garcinia
mangostana Linn", Phytomedicine, 2015.

Publication
collections.mun.ca

Internet Source <1 %
Wimal Herath, Daneel Ferreira, Ikhlas A. 1

ratn, . <71«
Khan. "Microbial metabolism. Part 7:

Curcumin”, Natural Product Research, 2007
Publication

Yongsheng Wang. "Isolation and identification <1 o
of two steroid compounds from Oviductus °
Ranae", Natural Product Research, 10/2010
Publication

John M Mellor, Afaf H EI-Sagheer, EI-Sayed H <1 o

El-Tamany, Reda N Metwally. "Synthesis of



Trifluoromethylnaphthalenes", Tetrahedron,
2000

Publication

Nusrat Jahan, Abdul Malik, Ghulam Mustafa,
Zaheer Ahmad et al. " Triterpenes from ",
Natural Product Letters, 2001

Publication

<1%

Ndom, J.C.. "Secondary metabolites from
Senecio burtonii (Compositae)”,
Phytochemistry, 200604

Publication

<1%

B
o

www.eurekaselect.com

Internet Source

<1%

B
—

Soumya Vasu. "A novel microwave-assisted
extraction for the isolation of andrographolide
from Andrographis paniculata and its in vitro
antioxidant activity", Natural Product
Research, 10/2010

Publication

<1%

pergamos.lib.uoa.gr

Internet Source

<1%

Mah, Siau Hui, Gwendoline Cheng Lian Ee,
Soek Sin Teh, and Mohd Aspollah Sukari.
"Calophyllum inophyllum and Calophyllum
soulattri source of anti-proliferative xanthones
and their structure—activity relationships”,
Natural Product Research, 2015.

Publication

<1%




www.tandfonline.com

34 Internet Source < 1 %
Uehara, H.. "Convergent synthesis of the <1 o
HIJKLM ring fragment of ciguatoxin CTX3C", °
Tetrahedron, 20020805
Publication

M. J. Colston. "Antimycobacterial Calixarenes <1 o
Enhance Innate Defense Mechanisms in °
Murine Macrophages and Induce Control of
Mycobacterium tuberculosis Infection in Mice",
Infection and Immunity, 11/01/2004
Publication

Reyes-Chilpa, R.. "Cytotoxic effects of <1 o
mammea type coumarins from Calophyllum °
brasiliense", Life Sciences, 20040813
Publication

Zhengqing You, Henry Joung Lee. "New Azt <1 y
Conjugates as Potent Anti-HIV Agents", °
Nucleosides, Nucleotides and Nucleic Acids,
2006
Publication

Sophie Monge, Jimmy Sélambarom, Jean <1 o

Pierre Roque, André A Pavia. "Synthesis of
precursors of iodine-labeled multifunctional
ligands containing 2-nitroimidazole for the
detection of hypoxic tissues and/or tumors",
Tetrahedron, 2001

Publication




Isaraporn Polbuppha, Wisanu Maneerat, <1 o
Tawanun Sripisut, Thunwadee Limtharakul °
(née Ritthiwigrom) et al. " Antioxidant,
Cytotoxic and a-Glucosidase Inhibitory
Activities of Compounds isolated from the
Twig Extracts of ", Natural Product
Communications, 2017

Publication

Atta Ur Rahman, M. Igbal Choudhary, <1 o
Farzana Shaheen, A. Rauf, Afgan Farooq. °
"Microbial Transformation of Some Bioactive
Natural Products", Natural Product Letters,

1998
Publication

JQanna Rabiczko, Zofia_ Urbahc.:zyk- <1 o
Lipkowska, Marek Chmielewski. "Syntheses of
pyrrolizidines and indolizidines from a,3-
unsaturated sugar o-lactones via Dieckmann
condensation"”, Tetrahedron, 2002
Publication
www.thieme-connect.com

Internet Source <1 %

44 Shu-Geng Cao, Valerie H.L. Sng, Xiao-Hua <1
. %
Wu, Keng-Yeow Sim, B.H.K. Tan, J.T.
Pereira, S.H. Goh. "Novel cytotoxic
polyprenylated xanthonoids from Garcinia
gaudichaudii (Guttiferae)", Tetrahedron, 1998

Publication




Lannang, A.M.. "Bangangxanthone A and B, <1 y
two xanthones from the stem bark of Garcinia °
polyantha Oliv.", Phytochemistry, 200510
Publication

Hossam M. Abdallah, Hany M. El-Bassossy, <1 o
Gamal A. Mohamed, Ali M. El-Halawany, °
Khalid Z. Alshali, Zainy M. Banjar.
"Mangostanaxanthones Il and |IV: advanced
glycation end-product inhibitors from the
pericarp of Garcinia mangostana”, Journal of
Natural Medicines, 2016
Publication

oumas ek govt <1%

Vilailak Prachyawarakorn. "NMR Study Of <1 o
Seven Coumarins From Mammea Siamensis", °
Pharmaceutical Biology, 12/1/2000
Publication

Yating.Sun, I.Dahong.Li, .Cuicyi \.Jia, Chunmei <1 o
Xue, Jiao Bai, Zhanlin Li, Huiming Hua.

"Three new xanthones from the leaves of
Garcinia lancilimba", Journal of Natural
Medicines, 2015
Publication
Hua Zhang. "New bisbenzylisoquinoline <1 o,

alkaloids from Cocculus laurifolius", Natural
Product Research, 5/20/2006

Publication




51 Peter D. Clark, Nicholas M. Irvine. <1 o
"PREPARATION OF 3,4-DISUBSTITUTED °
BENZO[B]THIOPHENES FOR USE IN THIA-
ERGOLINE SYNTHESIS", Phosphorus,

Sulfur, and Silicon and the Related Elements,
1996
Publication

Chihiro Ito, Takuyg Matsui, Ai Niimi, Hugh <1 o,
Tan, Masataka Itoigawa. "Four New
Xanthones from Cratoxylum cochinchinense
and Their In Vitro Antiproliferative Effects”,

Planta Medica, 2017
Publication
M.V Gil, E Roman, J.A Serrano. "Studies on 1

. o <I1%
the chemistry of sodium nitronates and
nitronic esters derived from 5-glyco-4-nitro-1-
cyclohexenes", Tetrahedron, 2002
Publication

Rudiyansyah, , and Mary J. Garson. <1 y
"Secondary Metabolites from the Wood Bark °
of Durio zibethinus and Durio kutejensis",

Journal of Natural Products, 2006.
Publication
llina Krasteva, Stefan Platikanov, Stefan 1
| . . <1
Nikolov, Maki Kaloga. " Flavonoids from ",
Natural Product Research, 2007
Publication
56 Ahmet Cakir, Ahmet Mavi, Ali Yildirim, <1 o

Mehmet Emin Duru, Mansur Harmandar, Cavit



Kazaz. "Isolation and characterization of
antioxidant phenolic compounds from the
aerial parts of Hypericum hyssopifolium L. by
activity-guided fractionation", Journal of
Ethnopharmacology, 2003

Publication

Guy H. Harris, Claude Dufresne, Henry
Joshua, Leslie A. Koch et al. "Isolation,
structure determination and squalene
synthase activity of L-731,120 and L-731,128,
alkyl citrate analogs of zaragozic acids A and
B", Bioorganic & Medicinal Chemistry Letters,
1995

Publication

<1%

Exclude quotes Off Exclude matches Off
Exclude bibliography  On



Calotetrapterins A-C, three new pyranoxanthones and their
cytotoxicity from the stem bark of Calophyllum tetrapterum Miq

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




	Calotetrapterins A-C, three new pyranoxanthones and their cytotoxicity from the stem bark of Calophyllum tetrapterum Miq
	by Tjitjik Srie Tjahjandarie

	Calotetrapterins A-C, three new pyranoxanthones and their cytotoxicity from the stem bark of Calophyllum tetrapterum Miq
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Calotetrapterins A-C, three new pyranoxanthones and their cytotoxicity from the stem bark of Calophyllum tetrapterum Miq
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




