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Two new diterpenes, sinulodurin A (1) and sinulodurin B (2), along with two known sterols, 24S-methyl cholesterol
and 24-methylene cholesterol, were isolated from the Palau soft coral Sinularia dura. The structures of the new metabolites
were determined on the basis of spectroscopic methods and by comparison of NMR data with those of related metabolites.
Sinulodurin A (1) and sinulodurin B (2) showed antiproliferative activity against highly malignant +SA mammary
epithelial cells with an ICs, range of 20—30 M. They also displayed anti-invasive activity against human highly metastatic
prostate cancer PC-3M-CT+ cells in the spheroid disaggregation assay. Furthermore, the antimicrobial activities of the

isolates were tested.

Soft coral of the genus Sinularia has been found to be a rich
source of diterpenes belonging to cembranoide,' norcembranoid,®’
and amphilectane skeletal classes.® Many of these compounds were
reported to possess cytotoxic,>® anti-inflammatory,*'° and
antimicrobial'" activities. The chemistry and the bioactivity of the
genus Sinularia have been reviewed by Kamel et al.'* Previous
work on Sinularia dura resulted in the isolation of the known
cembranoid epoxypukalide and sindurol, a hydroquinone deriva-
tive.'

In the course of our study of biologically active secondary
metabolites from marine organisms,13 we have undertaken the
chemical examination of the soft coral Sinularia dura. In this paper
the details of isolation and structure elucidation of two new
diterpenes, sinulodurin A (1) and sinulodurin B (2), as well as two
known sterols, 24S-methyl cholesterol and 24-methylene cholesterol,
are discussed together with their biological properties. Sinulodurin
A (1) and sinulodurin B (2) showed antiproliferative and anti-
invasive activities.

Sinulodurin A (1) R =0Ac
Sinulodurin B (2) R=H

Sinulodurin A (1) was obtained as a colorless oil, [a]p +91.3 (¢
0.25, CHCl3), and showed a pseudomolecular ion peak at m/z
4252326 [M + Na]" in the HRESIMS, indicating the molecular
formula C,4H340s and eight degrees of unsaturation. The IR
spectrum displayed a characteristic absorbance for an a,(-unsatur-
ated ketone (1640 cm™"), which was confirmed by a UV absorbance
band at Ama 239 nm (caled 239 nm).'* The IR spectrum also
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showed an ester carbonyl absorbance at vy, 1736 cm™!. The 'H
NMR spectrum (Table 1) showed the presence of two olefinic
protons (dy 6.03 and 6.08, 1H each, s), an exocyclic methylene
(0n 4.73, 2H, brs), two vinyl methyls (Oy 1.94, 2.18, 3H each, s),
two secondary methyls [y 0.99 (3H, d, J = 7.0 Hz), 1.03 (3H, d,
J =17.0 Hz)], two oxymethines [0y 4.81 (1H, brs), 5.19 (1H, td, J
= 4.0, 12.8 Hz)], and two acetoxy methyl singlets resonating at oy
2.05 and 2.14. The 3C, DEPT-135, and HMQC NMR data (Table
1) displayed 24 resonances assigned to six methyl, four methylene,
eight methine, and six quaternary carbons, of which three resonances
are assigned to an a,f-unsaturated (Oc 197.2 ppm) and two ester
carbonyls (6¢ 170.6, 170.4, 22.0, 21.1 ppm). Taking into account
the eight degrees of unsaturation inferred from the molecular
formula and the six degrees of unsaturation corresponding to three
olefinic bonds and three carbonyl groups, sinulodurin A had to have
a bicyclic structure. From the 2D COSY and HMBC spectra (Figure
1) as well as comparison of the NMR data of 1 (Table 1) with
those reported for compounds 3 and 4, the related diterpenes
previously isolated from Pseudopterogorgia elisabethae,'>'® the
structure of sinulodurin A (1) should be similar to 3 except for the
absence of a hydroxyl group at C-7, the presence of a o.f-
unsaturated ketone at C-13, and two acetoxy groups at C-2 and
C-12. The configurations at C-1, C-4, and C-9 were determined by
comparing their 3C NMR and proton—proton coupling constants
with 3 and 4 (Table 1) and confirmed by ROESY correlations.'>'®
The S configuration of C-9 was based on matching its 3C NMR
chemical shift data (0c 36.8) with C-9 of 3 (O¢ 38.7), unlike the
C-9R in 4 (O¢c 49.9).'>'S The B-oriented proton H-9 (oy 2.43)
showed ROESY correlations with H-4 (dy 2.58) and H3-20 (dy
0.99), suggesting similar stereo-orientation. Similarly, protons H-1
and H-2 were found to be o-oriented. Despite the [-substitution
upfield shifting effect of the C-12 acetoxy, the downfield shifting
of C-11 (d¢ 50.7) in 1 compared to those of 3 (Oc 32.4) and 4 (Oc¢
35.5) (Table 1) suggested opposite configurations. Therefore, C-11
in 1 was proved to be in the S configuration. The *C NMR data
similarity of 1 with those reported for sinulobatin A (an amphi-
lectane-type diterpene previously isolated from Sinularia nanolo-
bat),® support the assumption that 1 could be a biosynthetic
intermediate for the amphelectane sinulobatin A.'® The configu-
ration at C-12 was not determined due to insufficiency of the
compound (0.8 mg) left after running the bioactivity assay.

Sinulodurin B (2) was isolated as a colorless oil, [a]p +110.7
(¢ 0.25, CHCI;). Its molecular formula C,,H3,05 was determined
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Table 1. 'H and '3C NMR Data of 1 and 2“ Compared with 3 and 4'>-'

Journal of Natural Products, 2008, Vol. 71, No. 8§ 1469

1 2 3 4>
position oc Oy Oc Oon Oc Oon ¢ Oy
1 34.1,CH 2.16,m 347,CH 233, m 32.6,CH 1.96,m 31.9,CH 1.70,m
2 71.3,CH 5.19,td 29.0,CH, 192, m 28.5,CH, 1.35,m 232,CH;, 1.20,m

4.0, 12.8) 1.75, m 1.60, m
3 35.1,CH, 1.66, m 29.3,CH; 1.26,m 21.8,CH; 1.60m 1.65m 27.5,CH, 1.45,m1.58, m
4 324,CH 2.58,dd 335,CH 232,m 47.8,CH 1.82, brd (10.0) 37.1,CH 224,m
(4.4,12.4)
5 131.4,CH 6.08,s 128.5,CH 5.94,s 125.6,CH 5.92,s 127.5,CH 6.12,d (2.0)
6 142.7, qC 14322, qC 147.6, qC 144.0, qC
7 264,CH, 124, m 27.1,CH; 1.35m 69.7,CH 4.20,m 29.8,CH, 2.15,m
2.80 m 2.24, m 2.34, m
8 28.8,CH, 2.14,m 29.0,CH; 2.00m 36.4,CHy 1.52,q(12.0) 352,CH; 1.02,m
2.26, m 2.28, m 1.91, dt (12.0, 6.0) 1.59, m
9 36.8,CH 2.43,dd 372,CH 247,dd 38.7,CH 2.56,m 499,CH 1.80,m
(5.4,14.2) (5.6,14.2)
10 138.4, qC 141.6, qC 143.9, qC 143.9, qC
11 50.7,CH 2.67,ddq 46.8,CH 2.01,m 324,CH 1.65,m 355,CH 1.77,m
4.4,6.8,12.4)
12 80.7,CH 4.81, brs 79.9,CH 4.81,d(1.6) 34.6,CH, 1.31,2H, m 29.6,CH; 1.20,m 1.63, m
13 197.2,qC 196.9, qC 25.5,CH; 2.02,2H, m 25.9,CH; 1.96, m
2.15, m
14 119.5,CH 6.03,s 119.6,CH 6.02,s 1249,CH 5.01,t(7.1) 119.6,CH 5.19m
15 159.4, qC 158.5, qC 131.2, qC 130.9, qC
16 21.7,CH; 2.18,3H,s 21.1,CH; 2.18,3H,s 25.7,CH; 1.67,3H,s 25.9,CH; 1.63,3H,d (4.5)
17 28.7,CH; 1.94,3H,s 28.1,CH; 1.93,3H,s 17.7,CH; 1.57,3H,s 17.7,CH, 1.57,3H,s
18 14.8,CH; 1.03,3H,d (7.0) 14.6,CH; 0.91,d (6.8) 17.5,CH; 0.91, 3H, d (6.6) 15.1,CH; 0.85,3H,d (7.5)
19 111.2, CH, 4.73,2H, brs 109.5, CH, 4.68, 2H, brs 105.0,CH, 4.80s 109.0, CH, 4.76,dd (1.5, 1.0) 4.85, brs
5.06 s
20 15.7,CH; 0.99,3H,d(7.0) 11.9,CH; 0091,3H,d (6.8) 14.6,CH; 0.84,3H,d (7.1) 17.6, CH; 0.89, 3H, d (6.5)
2-OAc 22.0,CH; 2.05,3H,s 20.8, CH; 2.16,3H, s
170.4, qC 170.4, qC
12-OAc  21.1,CH; 2.14,3H,s
170.6, qC

“In CDCl3, 100 MHz for '*C and 400 MHz for 'H. Carbon multiplicities were determined by DEPT135° experiment. qC = quaternary, CH =

methine, CH, = methylene, CH3 = methyl carbons. Coupling constants (/) are in Hz. ? Tn C¢Ds.
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Figure 1. COSY (bold lines) and HMBC (plain arrow) correlations
of 1.

by HRESIMS [(M + H)" m/z 345.2436, (M + Na)* m/z 367.2259,
(2M + Na)™ m/z 711.4606] and '3C NMR data. The 'H and 3C
NMR data (Table 1) of 2 were similar to those of 1 except for the
absence of the C-2 acetoxy group. The structure of 2 was confirmed
by 2D NMR analysis.

The structures of the two sterols 24S-methyl cholesterol and 24-
methylene cholesterol were determined by comparing their NMR
data with literature.'”

The effect of various concentrations of the diterpenes 1 and 2
was studied on the proliferation of highly malignant mice +SA
mammary epithelial cells.'® Sinulodurin B (2) showed antiprolif-
erative activity against +SA mammary epithelial cells at a dose of

Treatment (M)

Figure 2. Effects of various doses of sinulodurin A (1) and
sinulodurin B (2) on malignant +SA mammary epithelial cell
proliferation.

20 uM, while sinulodurin A (1) was less active and showed a
comparable activity at 30 uM compared to their respective vehicle
controls (Figure 2). This is a relevant activity compared with the
positive drug control d-tocotrienol, which showed an ICsy of 7 uM
under the same assay conditions.'®

Spheroid disaggregation provides the measure of cell disaggre-
gation as well as cell migration, and this model simulates the process
of tissue disaggregation and invasion of cells in vivo.'®-*° This assay
is based on disaggregation of cancer cell spheroids and radial
migration of released cells on extracellular matrix (ECM).'?~?!
Current evidence has shown that tumor cells from primary tumors
in vivo are generally released in clumps, which attach to a favorable
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Figure 3. Spheroid disaggregation of PC-3M-CT+ prostate cells
using different doses of sinulodourin A (1) and sinulodourin B (2)
versus no treatment control.

ECM and are later released gradually to migrate in all directions.?’
Therefore, the spheroid disaggregation model is closer to in situ
tumor metastasis than the linear invasion assays. Figure 3 demon-
strates that sinulodurins A and B (1 and 2, respectively) effectively
decreased the disaggregation and cell migration of PC-3M-CT+
spheroids at 25, 50, 100, and 200 uM doses compared to vehicle
control. Sinulodurin A was more active than sinulodurin B
especially at the lower doses (Figure 3).

All compounds were also tested for antimicrobial activity against
Candida albicans, Escherichia coli, Pseudomonas aeruginosa,
Cryptococcus neoformans, Mycobacterium intracellulare, Aspergil-
lus fumigatus, and methicillin-resistant Staphylococcus aureus
(MRSa)."* All compounds displayed no activity up to 50 ug/mL
against all test microbes. They also lacked cytotoxicity against Vero
cells (African green monkey kidney fibroblast).

Experimental Section

General Experimental Procedures. Optical rotations were measured
at ambient temperature using a Rudolph Research Analytical Autopol
IV automatic polarimeter. UV spectra were obtained on a Varian Cary
50 Bio UV—visible spectrophotometer. IR spectra were recorded on a
Bruker Tensor 27 spectrophotometer. 1D and 2D NMR spectra were
recorded in CDCl; on a Varian AS 400 spectrometer. HRESIMS was
obtained using a Bruker Bioapex FTMS in ESI mode. TLC was
performed using Merck precoated plates (Si gel 60 F254). HPLC was
performed on a Waters Delta Prep 4000 preparative chromatography
system using a Phenomenex Luna C18 column (250 x 10.0 mm, 5
um).

Animal Material. The soft coral Sinularia dura was collected (coll.
No. C016103) from Palau (07°28'10" N; 134°37'62" E) at a depth of
12 m using scuba in June 1996. A voucher specimen was deposited at
the Smithsonian Institution in Washington D.C.

Extraction and Isolation. The organism was ground in dry ice, then
allowed to thaw to 4 °C, and stirred with 1 L of H,O. The entire mixture
was centrifuged, and the supernatant solution freeze-dried to give the
aqueous extract. The pellet was also freeze-dried and then extracted at
room temperature with a 50/50 mixture of CH,Cl, and MeOH overnight.
The organic layer was removed, taken to dryness below 4 °C, and then
high vaccuum-dried to give the organic extract. Three grams of the
residue was subjected to fractionation by vacuum liquid chromatography
over a silica gel column (100 g, 160—200 mesh) eluting with
n-hexane—EtOAc (100:0 to 0:100) followed by EtOAc—MeOH (80:
20, 60:40), yielding 11 fractions (A—K). Fraction B (269 mg, eluted
with n-hexane—EtOAc, 90:10) was chromatographed over a silica gel
column (7 g, 1 x 50 cm) eluted with CH>Cl,—MeOH (100:0—85:15)
to afford 40 subfractions (B;—Byo, 20 mL each). Subfraction B;—4 (86
mg) was purified on a C;g SPE column (2 g), eluted with MeOH—H,0
(90:10), to give 24S-methyl cholesterol (9.4 mg) and 24-methylene
cholesterol (13.5 mg). Subfraction Bis—40 (8.3 mg) was purified by Cig
HPLC using MeOH—H,0 (80:20) as an eluent to give 1 (2.5 mg, r
15.5 min) and 2 (1.9 mg, fr 11.4 min).

Antiproliferative Assay. The antiproliferative effects of 1 and 2
were tested in culture of the highly malignant +SA mouse mammary
epithelial cell line maintained on serum-free media and containing 10

Notes

ng/mL EGF and 10 ug/mL insulin as mitogens, as described previously
in detail.'® Cells were plated at a density of 5 x 10* cells/well (6 wells/
group) in 24-well culture plates and fed media containing various
concentrations (0.01—1000 uM) of each compound. After a 4-day
culture period, the viable +SA cell number was determined by the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
colorimetric assay as described previously.'®

Spheroid Disaggregation Assay. Spheroids were prepared from
single cell suspension of prostate cell lines as described before.'*~!
In brief, 5 x 10* cells/mL in RPMI 1640 serum-free medium was placed
on 96-well low-attachment tissue culture plates. The plates were rocked
on a gyrorotatory shaker in a CO, incubator at 37 °C for 2 days, at the
end of which spheroids measuring 150—300 um in diameter (~4 x
10* cells/spheroid) were formed. A single spheroid was then placed in
the center of each well of an ECM-coated 24-well microplate in 200
uL of serum-free medium.'*' From previous studies, it was deter-
mined that 1 h is an appropriate time for spheroids to begin adhering
to an ECM. Thus ¢ = 0 was set as 1 h from initial plating, so that if the
plate was not disturbed, the spheroids would not move from their
location at the time of plating. Spheroids were photographed digitally
at r = 0, cultured at 37 °C for 48 h, and then rephotographed. The
spheroids were then fixed, stained with Diff-Quik (Dade Behring,
Newark, DE), and examined under light microscopy. The diameter of
the area covered with cells migrated from the spheroids was measured
in a microscope calibrated with a stage and ocular micrometer. The
radial distance of migration was calculated after subtraction of the mean
initial spheroidal diameter at = 0. Values shown represent the average
percent increase in surface area of spheroids.'®=!

Sinulodurin A (1): colorless oil; [a]3 +91.3 (¢ 0.25, CHCl;); UV
(EtOH) Amax 236, 239 nm; IR vpa 1736, 1640, 1620 cm™!; 'H NMR
and ’C NMR, see Table 1; HRESIMS m/z 425.2326 [M + Na] ™ (calcd
for C24H3405Na, 4252304)

Sinulodurin B (2): colorless oil; [a]3' +110.7 (¢ 0.25, CHClL3); UV
(EtOH) Amax 236, 239 nm; IR v 1736, 1640, 1620 cm™!; 'TH NMR
and C NMR, see Table 1; HRESIMS m/z 367.2259 [M + Na]* (calcd
for Cy,H3,03Na, 367.2249).
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