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Polyhydroxylated steroids and other metabolites were isolated from the soft coral Nephthea chabroli col-
lected in South China Sea. The structures of two new compounds were determined to be 24-methylcholesta-9(11),
24(28)-diene-33,12,19-triol and 4a~methyl-3§,14 B-dihydroxy-5 o-ergost-24(28)-en-23-one on the basis of spec-
troscopic analysis. Cytotoxic activities of the polyhydroxylated sterols were evaluated on prostate carcinoma

LNCaP cell line.
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Soft corals contain a variety of bioactive compounds such
as diterpenes, sesquiterpenes, and steroids." In the course of
our search for biologically active substances from marine or-
ganisms,” ¥ a collection of the soft coral Nephthea chabroli
was obtained from the South China Sea, and from this col-
lection, cembrane diterpenes and norditerpenes (chabrolols
A—C) were obtained.? Another chemical constituent,
lemnabourside, was found to show anti-proliferative and 5o
reductase inhibitory effect on human prostate cancer cells.”)
In the literature, secondary metabolites including benzo-
quinone derivatives, sesquiterpenes, and sterols have been re-
ported from Nephthea chabroli.>~® In the present paper, we
report the isolation of eight sterols (1—S8), a diterpene glyco-
side (9), a ceramide (10), a quinoline (11), and fatty acid de-
rivatives (12—13). Of these constituents, 6 and 8 are new
structures.

Compounds 1—6 displayed characteristic spectral fea-
tures of 19-hydroxylated steroids,'®!" showing in their
NMR spectra a pair of methylene proton doublets at about
oy 3.7 (1H, J=12Hz) and 3.9 (1H, J=12Hz), as well as
a methylene carbon signal at 8. 63.2 (t). The structures of
1—5 were determined to be 24-methylcholesta-5,24(28)-
diene-33,19-diol (1),'*'® 24-methylcholesta-5,24(28)-diene-
3B,7B,19-triol  (2),'*'  24-methyl-7 B-acetoxycholesta-
5,24(28)-diene-33,19-diol (3),'>!® 24-methylcholest-24(28)-
ene-3B3,50,63,19-tetraol  (4),'*'? and 24-methyl-7-oxoc-
holesta-5,24(28)-diene-33,19-diol (5).!” The structural iden-
tities of these compounds were established by comparing the
physical and spectroscopic data with literature values.

Compound 6, obtained as a colorless solid, exhibited posi-
tive result in the Liebermann—Burchard test. A molecular
formula of C,4H,,O; was deduced from electron impact (EI)-
MS result (m/z 430 [M]") and elemental analysis. The IR
absorption bands indicated the presence of hydroxyls
(3350cm ") and a terminal methylene (1640, 900 cm ™). The
presence of a primary hydroxyl and two secondary hydroxyl
groups was revealed by 'H- and *C-NMR data [J, 3.88 (1H,
d, J=12Hz) and 3.68 (1H, d, /=12 Hz), 8. 63.2 (t); & 3.63
(1H, m), 6. 71.2 (d); 8, 3.90 (1H, d, /=4 Hz), é. 65.1 (d)].
Four methyls, a terminal methylene, and a trisubstituted dou-
ble bond were also present as demonstrated by the NMR
data. The double quantum filtered correlation spectroscopy
(DQF-COSY) results suggested that the proton bearing a
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secondary alcohol (6 3.90, H-12) was coupled to an olefinic
proton (8 5.94, H-11). The assignment of a partial structure
of 9(11)-ene-12-ol was further supported by the heteronu-
clear multiple bond connectivity (HMBC) results. Thus,
HMBC correlations were observed between &, 0.74 (18-
CH,) and J. 65.1 (C-12), between dy; 3.62 (H-19a)/3.88 (H-
19b) and . 141.5 (C-9), as well as between &y 5.94 (H-11)
and 6. 42.5 (C-10). With the assistance of computer-aided
molecular modeling (MOPAC molecular modeling program),
the energy-minimized stereostructure of 6 showed the dihe-
dral angle (¢) between H,—C,,—C,,—H,, to be 37.7°, corre-
sponding to a coupling constant of 2—5Hz as estimated
from the Karplus correlation graph. Given a coupling con-
stant of 4 Hz for H-12, fB-orientation of 12-H was assumed.
Indeed, the nuclear Overhauser effect spectroscopy (NOESY)
spectrum displayed correlation signals between H,,/H,s as
well as between H,,/H,,. These NOE results were in support
of the stereochemical assignment. Hence, all available data
indicated a structure of 24-methylcholesta-9(11),24(28)-
diene-3 3,12 ¢, 19-triol for 6.

Compound 7 was determined to be 24-methylcholesta-
5,24(28)-dien-3 -0l by interpretation of its spectroscopic
data and comparison with literature values.'?

Compound 8 was obtained as a white solid. The molecular
formula C,oH,40; was deduced from EI-MS (m/z 444 [M]")
and elemental analysis. The compound reacted positively to
the Liebermann—Burchard reagent, and displayed character-
istic NMR features of a steroidal compound. The IR spec-
trum exhibited absorption bands at v, 3340, 2985, 1675,
1630, 880 cm™!, suggesting the presence of hydroxyls, o,f3-
unsaturated ketone, and a terminal methylene group. The ex-
istence of an o, f-unsaturated ketone was also implied by an
UV absorption at 240nm. An HMBC experiment was then
employed to establish the side-chain structure. HMBC corre-
lations were observed between the carbonyl carbon signal C-
23 (¢ 203.0) and &, 2.38 (H-20), 2.68 (H-22), 5.66 (H-
28b), and 5.91 (H-28a). The H-28 signals showed long range
coupling with 8 156.2 (C-24), which was further coupled
with &y 2.94 (H-25), 1.01 (H-26), and 1.02 (H-27). These
data led to the establishment of connectivity between
C,;—C,. In addition, the DQF-COSY displayed correlations
between 0y 2.38 (H-20) and 2.68 (H-22), as well as between
H-20 and 6y 0.86 (H-21), suggesting a spin system contain-
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Table 1. '3C-NMR Data of 6 and 8
Carbon 6 8

1 33.6t 28.2t

2 31.0t 41.2t

3 71.2d 77.3d

4 4221t 49.7d

5 50.6d 57.4d

6 39.6t 19.2t

7 21.6t 20.2t

8 39.0d 38.9d

9 141.5s 51.8d
10 42.5s 36.6s
11 128.7d 18.6t
12 65.1d 40.1t
13 42.3s 43.5s
14 42.9d 739s
15 24.1t 37.8t
16 28.2t 30.8t
17 55.8d 56.6d
18 12.0q 13.8q
19 63.2t 13.8q
20 35.7d 33.3d
21 18.8q 19.6q
22 34.8t 453t
23 31.8t 203.0s
24 156.9s 156.2s
25 339d 28.1d
26 22.0q 22.3q
27 21.9q 22.2q
28 106.0t 121.1t
29 — 15.4q

a) Assignments are made by interpretation of two-dimensional NMR techniques.
Values are expressed in ppm downfield from TMS standard. Spectra were run in
CDCl,/CD,0D (for 6) and CDCl, (for 8) respectively.

Fig. 1. Structures of Compounds 6 and 8

ing H,,—H,;—H,,. On the other hand, the assignment of 29-
CH, group to the biogenetically favoured position C-4 was
supported by HMBC correlations between & 0.96 (H,-29)
and O. 77.3 (C-3)/59.7 (C-4). Finally, a tertiary hydroxyl
group was assigned to C-14 based on the HMBC results.
Thus, 6. 73.9 (C-14) was found to display long range corre-
lations with 9;; 0.98 (H-18) and 1.80 (H-15). The stereo-
chemistry of 8 was determined by interpretation of the DIF
NOE data, which showed enhancements between H./H,,,
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H,/H,,, Hi/H,,, and 14-OH/H ; signals, indicating the spatial
arrangements of 3a-H, 48-H, 5a-H, and 145-OH, respec-
tively. From all available data, 8 was deduced to be 40~
methyl-3 3,14 f-dihydroxy-5 c-ergost-24(28)-en-23-one. To
the best of our knowledge, this is a new structure.

During the course of isolation, non-steroidal compounds
were also purified from the extract and examined spec-
troscopically. They were determined to be lemnabourside
(a diterpene glycoside, 9),'¥ N-palmitoyl-octadecasphinga-
4(E),8(E)-dienine (a ceramide derivative, 10),'> 7-hydroxy-
8-methoxy-4(1H)-quinolone (11),'® (13Z)-octadecenoic acid
(12),'” and (132)-ethyl octadecenoate (13).'”

The steroidal compounds (1—8) were subjected to cyto-
toxicity assay using human prostate cancer LNCaP cell line.
Compounds 2 and 4 exhibited EC,, values of 4.9 and
7.4 ug/ml, respectively. Compounds 3, 6, 5, 8, 7 and 1
(EC5,=15.5, 23.4, 29.5, 38.4, 41.5 and 56.7 ug/ml, respec-
tively) were considered inactive.

Experimental

All solvents used were of analytical grade. Silica gel (230—400 mesh),
TLC grade silica gel and RP-18 Si gel were used for chromatography. NMR
spectra were recorded on JEOL JNM-EX-400-FT-NMR spectrometer, the IR
absorption spectra on Perkin Elmer 16 PC FT-IR spectrometer, and mass
spectra on Finnigan TSQ 7000 mass spectrometer. Optical rotations were
measured on Perkin Elmer 241 polarimeter.

Animal Material The soft coral Nephthea chabroli was collected in
Xisha island located in the South China Sea. A voucher specimen was de-
posited in the research center of organic natural products chemistry, Zhong-
shan University, Guangzhou, China.

Extraction and Isolation The samples of N. chabroli (5 kg, dry weight)
was cut into small species and extracted with EtOH (5X51) at room temper-
ature. The extraction was evaporated under reduced pressure to obtain a
residue that was partition between H,0 and CHCIl,. The CHCl;—soluble frac-
tion (70 g) was taken to dryness in vacuum. Vacuum liquid chromatography
of the residue on silica gel using hexane—acetone gradients afforded eight
fractions (A—H). Fraction A was rechromatographed to yield 7 (57 mg), 12
(85mg) and 13 (70 mg). From fraction B, 8 (10 mg) was obtained. Fraction
D was subjected to chromatography on LH-20 (MeOH) and silica gel to af-
ford 1 (47 mg) and 10 (11 mg). Fraction E afforded 3 (38 mg) and 9 (154 mg)
after chromatography on silica gel and RP-18 gel. When fraction F was
chromatographed on silica gel and then on RP-18 gel, it yielded 2 (49 mg), 5
(22 mg), and 6 (32 mg). Fraction G afforded 4 (174 mg). When the water sol-
uble fraction was further extracted by n-BuOH and chromatographed on RP-
18 gel, a crop of 11 (20 mg) was obtained.

24-Methycholesta-9(11),24(28)-diene-3 3,12 3,19-triol (6): Colorless solid,
mp 163—164°C, [o]¥ —141.9° (¢=0.031, CH,0H). IR (KBr)cm™': 3350,
1640, 900. 'H-NMR (CDCL,/CD,0D, 1 : 1; 400 MHz) §: 0.74 (3H, s, H-18),
0.96 (3H, d, J=6.4Hz, H-21), 1.02 (3H, d, J=5.2Hz, H-27), 1.03 (3H, d,
J=6.1Hz, H-26), 3.86 (1H, d, /=11.7Hz, H-19a), 3.88 (1H, d, J=11.7Hz,
H-19b), 3.90 (1H, d, /=4 Hz, H-12), 4.65 (1H, brs, H-28a), 4.71 (1H, brs,
H-28b), 5.94 (1H, d, J=4 Hz, H-11). 3C-NMR (100 MHz) data: see Table 1.
EI-MS m/z (rel. int.): 430 [M]* (20), 412 (100), 363 (60), 297 (5), 287 (38),
239 (25), 224 (15), 197 (35), 161 (74), 145 (74), 91 (54), 69 (68), 55 (72).
Anal. Caled for C,gH,,O5: C, 78.08; H, 10.77. Found: C, 77.92; H, 10.86.

40-Methyl-3 3,14 B-dihydroxy-5 o-ergost-24(28)-en-23-one  (8): White
solid, mp 150—151°C, [0]¥ +66.2° (¢=0.09, CH,OH). IR (KBr)cm "
3340, 2985, 1675, 1630, 880. UV (CHCl,) A,,,, nm: 240. '"H-NMR (CDCl,)
6: 0.86 (3H, d, J=4.5Hz, H-21) 0.96 (3H, s, H-29), 0.98 (3H, s, H-18), 1.00
(3H, s, H-19), 1.01 (3H, d, J=6.6 Hz, H-26), 1.02 (3H, d, J=6.6 Hz, H-27),
2.68 (2H, dd, J=3.0, 15.6 Hz, H-22), 3.86 (1H, d, J=11.7 Hz, H-19a), 5.66
(1H, brs, H-28a), 5.91 (1H, brs, H-28b). *C-NMR data: see Table 1. EI-MS
m/z (rel. int.): 444 [M]" (15), 429 (18), 401 (12), 333 (8), 317 (48), 285
(40), 247 (12), 187 (16), 181 (68), 147 (40), 121 (72), 109 (78), 97 (100), 69
(96), 55 (76). Anal. Caled for C,H,O,: C, 78.32; H, 10.89. Found: C,
78.14; H, 10.96.

Cytotoxicity Assay Human prostate cancer LNCaP cell line was ob-
tained from the American Type Culture Collection (CRL1740, ATCC) and
maintained in RPMI supplemented with 10% fetal bovine serum (FBS),
100 mg/1 streptomycin and 100 IU/ml penicillin at 37 °C in a humidified at-
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mosphere of 5% CO,. Steroid compounds were dissolved in DMSO at a
concentration of 80 mg/ml which was then diluted to appropriated concen-
trations with culture medium when use. The final concentration of DMSO
did not exceed 0.5% in any experiment. LNCaP cells (2x10*
cells/0.1 ml/well) were incubated with serial dilutions of steroid compounds
in 96-well culture plates (Costar, U.S.A.) for 48 h, and their cytotoxicity was
measured by fluorometric determination of DNA quantity with the fluo-
rochrome Hoechst 33342 (Molecular Probe Inc. H3570, Oregon, U.S.A.)
using a Millipore fluorometer (Cytophor 2350, Millipore, U.S.A.). Data
points represented the mean values and standard deviations of triplicate as-
says.
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