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Bioassay-directed fractionation using a glucocorticoid receptor assay led to the isolation of two new, weakly active
polyprenylated acylphloroglucinol derivatives, sundaicumones A (1) and B (2), from the leaves ofCalophyllum sundaicum
collected in Singapore. The structures of1 and2, which were established by spectroscopic methods, contain a 3-substituted
hexanoic acid unit not previously reported in other polyprenylated acylphloroglucinols.

Polyprenylated acylphloroglucinols are a class of biologically
active secondary metabolites isolated from the plant family Clu-
siaceae (Guttiferae), predominantly from the generaHypericum,1-3

Garcinia,4-10 and Clusia10-13 but also fromSymphonia,10 Allan-
blackia,14 andCalophyllum.15 Polyprenylated acylphloroglucinols
also have been isolated from Cuban bee propolis and are thought
to be present through transfer from the floral resin ofClusia
rosea.16,17 The best known example of a polyprenylated acylphlo-
roglucinol is hyperforin (3),1,2 a metabolite ofHypericum perfo-
ratum (St. John’s Wort), which has been reported to have
antidepressant18 and in vitro and in vivo anticancer activity.19 Other
biological activities ascribed to polyprenylated acylphloroglucinols
include HIV inhibition,10,14 cytotoxic effects against cancer cell
lines,6,7,9,17,19anti-inflammatory,5 choline acetyltransferase inhibi-
tion,4 and as ligand binders of the liver-X receptor.8

The glucocorticoid receptor (GR) belongs to the superfamily of
ligand-activated transcription factors, the nuclear hormone receptors,
which along with other steroid receptors affect the body through
regulation of gene transcription.20 The GR agonist complex binds
and inhibits pro-inflammatory transcription factors such as nuclear
factor-κB and activation protein-1, resulting in anti-inflammatory
effects.21,22 Synthetic glucocorticoids such as dexamethasone and
prednisolone have been used since the 1960s to treat chronic
inflammatory diseases but have side effects due to inhibition of
other steroid receptors.23 A reporter gene assay was developed to
identify novel GR agonists as anti-inflammatory therapy for asthma
and other airway diseases.

Screening of our natural product extract library in the GR assay
identified an active extract from the leaves ofCalophyllum
sundaicumP.F. Stev. (Clusiaceae). Bioassay-guided isolation using
a modified Kupchan solvent partition scheme24 and preparative C18

reversed-phase HPLC gave two polyprenylated acylphloroglucinol
derivatives, sundaicumones A (1) and B (2), which showed EC50

values of 173 and 75µM, respectively, in the GR assay. The GR
activity of these compounds was too weak to warrant any further
biological investigation. Dexamethasone was used as a control in
the GR assay and had an EC50 of 1.0 ( 0.6 nM.

Sundaicumone A (1) was obtained as a colorless oil and had a
molecular formula of C32H50O9 based on its HRESIMS. The1H
NMR spectrum of1 (Table 1) displayed signals for six methyl
singlet resonances atδH 0.90, 0.96, 1.01, 1.08, 1.11, and 1.21, one
methyl doublet atδH 0.98, and two methyl triplets atδH 0.70 and
0.81. The13C and multiplicity-edited HSQC NMR spectra of1
showed nine CH3, seven CH2, five CH, and 11 quaternary carbons,
six of which were located at low field (δC 208.5, 205.1, 192.2,

175.3, 174.0, and 116.5). Analysis of the COSY, TOCSY, HSQC,
and HMBC NMR data indicated the presence of 2-methyl-1-
oxobutyl (C-16 to C-20), 3-substituted-hexanoic acid (C-1′ to C-6′),
2-oxygenated-3-hydroxy-3-methylbutyl (C-2, C-3, and C-13 to
C-15), and a dihydroxylated monoterpene (C-9 to C-11 and C-21
to C-27) moiety, which were attached to C-8, C-6, C-1/C-5, and
C-1/C-8 of the acylphloroglucinol core, respectively. These data
suggested that the structure of1 is similar to garsubellin B (4) except
for the 3-substituted hexanoic acid moiety at C-6 in1 instead of
an isoprene moiety.4 A total synthesis of (()-garsubellin A (5) was
reported recently, which confirmed the structure and relative
stereochemistry originally proposed.25 Although H-17 did not
exhibit a correlation to C-8 in the HMBC spectrum of1, the
chemical shift of C-8 (δC 82.2) was consistent with that assigned
in garsubellins B (4) and A (5).4 Therefore, the planar structure of
1 was determined as shown and attention was focused on the
compound’s relative stereochemistry. In their paper on the structures
of the sampsoniones, Hu and Sim discussed an empirical rule that
can be used to establish the axial or equatorial orientation of C-10
side-chains in acylphloroglucinols.3 In 1, the C-10 side-chain was
assigned as having an equatorial orientation due to the13C NMR
resonances of the C-9gem-dimethyl groups (C-21,δ 16.2 and C-22,
δ 22.3) and the1H NMR resonances and coupling constants of
H-11â (δ 1.53, dd,J ) 13.8, 12.0 Hz) and H-11R (δ 2.19, dd,J )
13.8, 4.4 Hz).2-4,10 Furthermore, ROESY correlations between
H-11â and H3-21 confirmed the assigned relative stereochemistry
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about C-10, while ROESY correlations between H-3 and H-11R
allowed the relative stereochemistry at C-3 to be assigned.

Sundaicumone B (2) was obtained as an unstable, colorless oil
and was assigned a molecular formula of C32H50O9 based on its
HRESIMS. The NMR data of2 were closely related to those of1,
with the only difference being a 3-methyl-2-butenyl side-chain at
C-10 in2 in place of the 2,3-dihydroxyl-3-methylbutyl side-chain
in 1. Hence, the structure and relative stereochemistry of2 were
determined as shown.

Although sundaicumones A (1) and B (2) are closely related to
other polyprenylated acylphloroglucinols, the 3-substituted hexanoic
acid unit has not been previously reported in this series. However,
the 3-substituted hexanoic acid unit has been found previously in
apetalic acid,26 isoapetalic acid,27 calolongic acid,28,29isocalolongic
acid,29 recedensic acid,28 brasiliensic acid,30 isobrasiliensic acid,30

and inocalophyllin B.31 The 3-substituted hexanoic acid also is
present as part of the coumarin ring in naturally occurring HIV-1
inhibitor calanolide A (6),32 which is currently in phase II clinical
evaluation in combination with other antiviral agents.33

Experimental Section

General Experimental Procedures.Optical rotations were recorded
on a JASCO DIP-1000 digital polarimeter. UV spectra were scanned
on a Pharmacia Biotech Ultrospec 2000 and IR spectra on a Perkin-
Elmer BioRad FT-IR spectrophotometer. NMR spectra were collected
on a Bruker Avance DRX-500 NMR spectrometer, using 5 mm BBI
(1H, G-COSY, multiplicity-edited G-HSQC, G-HMBC, G-TOCSY, and
G-ROESY spectra) or BBO (13C spectra) probeheads equipped with
z-gradients. Spectra were calibrated to residual protonated solvent
signals. HRESIMS values were collected on an Applied Biosystems
Mariner TOF mass spectrometer, using sodium trifluoroacetate as an
internal standard for both positive- and negative-ionization modes.
Preparative HPLC was performed on a Gilson system complete with
UniPoint software, 170 DAD detector, dual 306 pumps, 811C dynamic
mixer, Gilson 202 fraction collector, and a Rheodyne 7125 injector
with a 5 mL injection loop.

Plant Material. The leaves ofC. sundaicumP.F. Stev. (Clusiaceae)
were collected in the Upper Pierce Reservoir, Singapore, in September
1994 and identified by Haji Sidek. A voucher specimen (CNPR 57)
has been deposited at the Singapore Botanic Gardens herbarium.

Extraction and Isolation. Dried and milled leaves (46.9 g) were
extracted with 1:1 CH2Cl2-MeOH (2× 500 mL) and dried by rotary
evaporation. The crude extract (8.1 g) was partitioned between 90%
aqueous MeOH (1 L) and hexane (1 L), and the ratio of MeOH to
H2O was adjusted from 9:1 to 7:3 by addition of H2O and further
partitioned with CH2Cl2 (0.5 L × 2). The active CH2Cl2 fraction was
separated by reversed-phase HPLC (Waters PrepLC 25 mm Module
C18, 25 × 100 mm) to yield sundaicumone A (1) (1.5 mg) and
sundaicumone B (2) (1.2 mg).

Table 1. NMR Spectroscopic Data of Sundaicumones A (1) in DMSO-d6 and B (2) in CDCl3

1 2

no. 13C δ 1H δ m J (Hz) gHMBC (H to C) ROESY/1D-ROESY 13C δa 1H δ m J (Hz)

1 60.0 59.9
2 28.9 HR: 1.84 dd 5.6, 12.9 C-1, 5, 11 2â, 3 30.5 HR: 1.76 dd 6.2, 13.3

Hâ: 2.46 dd 10.6, 12.9 C-1, 3, 11, 12, 13 2R Hâ: 2.80 dd 10.2, 13.3
3 90.7 4.70 dd 5.6, 10.6 C-14, 15 2R, 14, 15, 11R 90.6 4.58 dd 6.2, 10.2
4
5 175.3 175.6
6 116.5 116.4
7 192.2 192.1
8 82.4 82.2
9 46.3 46.0
10 37.0 1.83 m C-9, 21, 23 11R, 22, 23, 24 44.5 1.64 m
11 37.5 HR: 2.19 dd 4.4, 13.8 C-1, 2, 5, 9, 10, 12, 23 3, 10, 11â, 24 40.1 HR: 2.02 m

Hâ: 1.53 dd 12.0, 13.8 C-1, 2, 5, 10, 23 11R, 21 Hâ: 1.51 m
12 205.1 204.7
13 69.2 69.3
14 25.9 1.21 s C-3, 13, 15 3 28.8 1.48 s
15 25.3 1.11 s C-3, 13, 14 3 24.7 1.15 s
16 208.5 208.5
17 47.6 1.75 m C-16, 18, 19, 20 49.4 1.81 m
18 16.3 0.98 d 6.5 C-16, 17, 19 17.8 1.10 d 6.5
19 27.0 Ha:1.11 m C-16, 17, 18, 20 27.0 Ha: 1.32 m

Hb: 1.54 m Hb: 1.68 m
20 10.7 0.70 t 7.4 C-17, 19 11.8 0.80 t 7.5
21 16.2 0.90 s C-8, 9, 10, 22 11â 17.0 1.27 s
22 22.3 1.08 s C-8, 9, 10, 21 10 23.8 1.05 s
23 28.9 Ha:1.13 m C-9, 24 10 27.6 Ha:1.65 m

Hb: 1.31 m Hb: 2.18 m
24 73.9 3.08 br d 10.8 C-10, 23, 25, 26, 27 10, 11R, 26 123.5 4.96 t 7.2
25 71.6 132.2
26 26.5 1.01 s C-24, 25, 27 26.9 1.70 s
27 24.6 0.96 s C-24, 25, 26 18.6 1.57 s
1′ 174.0 173.7
2′ 37.7 2.49 m C-1′, 3′, 4′, 6 3′, 4′a, 4′b 38.1 Ha: 2.43 dd 3.3, 16.3

Hb: 2.92 dd 11.9, 16.3
3′ 30.8 3.30 m C-2′, 4′, 5, 6, 7 2′ 34.1 3.35 m
4′ 33.9 Ha: 1.39 m C-2′, 3′, 5′, 6′ 2′ 35.4 Ha: 1.54 m

Hb: 1.71 m C-2′, 3′, 5′, 6′, 6 2′ Hb: 2.02 m
5′ 20.5 Ha: 1.08 m 20.5 1.29 m

Hb: 1.16 m
6′ 14.0 0.81 t 7.2 C-4′, 5′ 14.8 0.92 t 7.3

a 13C NMR chemical shifts obtained from the HSQC and HMBC NMR spectra.
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Sundaicumone A (1):colorless oil; [R]D
25 +52 (c 0.2, EtOH); UV

(EtOH) λmax (log ε) 207 (4.67), 271 (4.90) nm; IR (film)νmax 3442,
1729, 1620 cm-1; NMR data, see Table 1; (-)-HRESIMSm/z577.3415
(calcd for C32H50O9, 577.3377).

Sundaicumone B (2):colorless oil; [R]D
25 +48 (c 0.1, EtOH); UV

(EtOH) λmax (log ε) 207 (3.89), 278 (3.85) nm; IR (film)νmax 3440,
1725, 1618 cm-1; NMR data, see Table 1; (-)-HRESIMSm/z543.3290
(calcd for C32H48O7, 543.3322).

Biological Assay.A 5 µL aliquot of each test compound in 12.5%
DMSO was added to the wells of a Nunc 384-well white plate with a
clear bottom. A549 cells (human lung carcinoma cell) transfected with
a GRE promoter/Renilla luciferase reporter construct were seeded in
45 µL of Dulbecco’s modified Eagle’s medium containing 10% heat-
inactivated fetal bovine serum, 2 mM l-glutamine, 100 U/mL penicillin,
and 100µg/mL streptomycin, at a final density of 10 000 cells/well.
The plate was incubated for 24 h at 37°C in a humidified 5% CO2
incubator, and 20µL of 20 µM coelenterazine was added to the wells.
Following a 2 hincubation in the dark, ligand binding to the GR was
determined by measuring luminescence in a microplate luminometer
(Luminoskan Ascent, Labsystems) using a 600 ms/well integration time.
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M.; Sévenet, T.J. Nat. Prod.2000, 63, 1070-1076.

(10) Gustafson, K. R.; Blunt, J. W.; Munro, M. H. G.; Fuller, R. W.;
McKee, T. C.; Cardellina, J. H., II; McMahon, J. B.; Cragg, G. M.;
Boyd, M. R.Tetrahedron1992, 48, 10093-10102.

(11) Cuesta-Rubio, O.; Velez-Castro, H.; Frontana-Uribe, B. A.; Ca´rdenas,
J. Phytochemistry2001, 57, 279-283.

(12) Grossman, R. B.; Jacobs, H.Tetrahedron Lett.2000, 41, 5165-5169.
(13) Lokvam, J.; Braddock, J. F.; Reichardt, P. B.; Clausen, T. P.

Phytochemistry2000, 55, 29-34.
(14) Fuller, R. W.; Blunt, J. W.; Boswell, J. L.; Cardellina, J. H., II; Boyd,

M. R. J. Nat. Prod.1999, 62, 130-132.
(15) Taher, M.; Idris, M. S.; Ahmad, F.; Arbain, D.Phytochemistry2005,

66, 723-726.
(16) Hernández, I. M.; Fernandez, M. C.; Cuesta-Rubio, O.; Piccinelli,

A. L.; Rastrelli, L. J. Nat. Prod.2005, 68, 931-934.
(17) Cuesta-Rubio, O.; Frontana-Uribe, B. A.; Ramirez-Apan, T.; Ca´rde-

nas, J.Z. Naturforsch. C2002, 57, 372-378.
(18) Cervo, L.; Mennini, T.; Rozio, M.; Ekalle-Soppo, C. B.; Canetta,

A.; Burbassi, S.; Guiso, G.; Pirona, L.; Riva, A.; Morazzoni, P.;
Caccia, S.; Gobbi, M.Eur. Neuropsychopharmacol.2005, 15, 211-
218.

(19) (a) Gartner, M.; Mu¨ller, T.; Simon, J. C.; Giannis, A.; Sleeman, J.
P. ChemBioChem2005, 6, 171-177. (b) Dona`, M.; Dell’Aica, I.;
Pezzato, E.; Sartor, L.; Calabrese, F.; Della Barbera, M.; Donella-
Deana, A.; Appendino, G.; Borsarini, A.; Caniato, R.; Garbisa, S.
Cancer Res.2004, 64, 6225-6232.

(20) Kumar, R.; Thompson, E. B.J. Steroid Biochem. Mol. Biol. 2005,
94, 383-394.

(21) Pujols, L.; Mullol, J.; Torrego, A.; Picado, C.Allergy2004, 59, 1042-
1052.

(22) Pelaia, G.; Vatrella, A.; Cuda, G.; Maselli, R.; Marsico, S. A.Life
Sci.2003, 72, 1549-1561.

(23) Coghlan, M. J.; Elmore, S. W.; Kym, P. R.; Kort, M. E. InAnnual
Reports in Medicinal Chemistry; Doherty, A. M., Ed.; Academic
Press: Amsterdam, 2002; Vol. 37, Chapter 17, pp 167-176.

(24) (a) Pettit, G. R.; Kamano, Y.; Aoyagi, R.; Hearld, C. L.; Doubek, D.
L.; Schmidt, J. M.; Rudloe, J. J.Tetrahedron1985, 41, 985-994.
(b) Kupchan, S. M.; Britton, R. W.; Ziegler, M. F.; Sigel, C. W.J.
Org. Chem.1973, 38, 178-179.

(25) Kuramochi, A.; Usuda, H.; Yamatsugu, K.; Kanai, M.; Shibasaki,
M. J. Am. Chem. Soc.2005, 127, 14200-14201.

(26) (a) Guerreiro, E.; Kunesch, G.; Polonsky, J.Phytochemistry1971,
10, 2139-2145. (b) Shen, Y.-C.; Wang, L.-T.; Khalil, A. T.; Kuo,
Y.-H. Chem. Pharm. Bull. 2004, 52, 402-405.

(27) Plattner, R. D.; Spencer, G. F.; Weisleder, D.; Kleiman, R.Phy-
tochemistry1974, 13, 2597-2602. (b) Samaraweera, U.; Sotheeswa-
ran, S.; Sultanbawa, M. U. S.; Balasubramaniam, S.J. Chem. Soc.,
Perkin Trans. 11983, 703-706.

(28) Guerreiro, E.; Kunesch, G.; Polonsky, J.Phytochemistry1973, 12,
185-189.

(29) Hay, A.-E.; Guilet, D.; Morel, C.; Larcher, G.; Macherel, D.; Le
Ray, A.-M.; Litaudon, M.; Richomme, P.Planta Med. 2003, 69,
1130-1135.

(30) Stout, G. H.; Krahn M. M.; Breck, G. D.Tetrahedron Lett.1968, 9,
3285-3290.

(31) Shen, Y. C.; Hung, M. C.; Wang, L. T.; Chen, C.-Y.Chem. Pharm.
Bull. 2003, 51, 802-806.

(32) (a) Kashman, Y.; Gustafson, K. R.; Fuller, R. W.; Cardellina, J. H.,
II; McMahon, J. B.; Currens, M. J.; Buckheit, R. W., Jr.; Hughes, S.
H.; Cragg, G. M.; Boyd, M. R.J. Med. Chem.1992, 35, 2735-
2743. (b) Gustafson, K. R.; Bokesch, H. R.; Fuller, R. W.; Cardellina,
J. H., II; Kadushin, M. R.; Soejarto, D. D.; Boyd, M. R.Tetrahedron
Lett. 1994, 35, 5821-5824.

(33) (a) Advanced Life Sciences, further information available at http://
www.advancedlifesciences.com/. (b) Butler, M. S.Nat. Prod. Rep.
2005, 22, 162-195.

NP050528N

Notes Journal of Natural Products, 2006, Vol. 69, No. 4709


