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Manaarenolides A—I, Diterpenoids from the Soft Coral Sinularia manaarensis
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Nine cembrane-type diterpenoids, manaarenolides @—9), along with two known cembranolide$0 and11, have
been isolated from the ethyl acetate extract of the Taiwanese softSintddria manaarensissmong these metabolites,
diterpenes], 2, 5, and6) were discovered for the first time as the hydroperoxycembranolides possessiiagtane

ring. The 13-epimeric metabolitésand 8 have been shown to exhibit moderate cytotoxic activity against Hepa59T/
VGH, KB, Hela, and Med cancer cell lines. The biosynthetic relationship between these new metabolit€saadd
11is also discussed.

Previous chemical investigations on soft corals of the genus
Sinularia have led to the isolation and identification of a variety
of oxygenated cembrane-type diterpendid.Some of these were
found to exhibit cytotoxic activity against the growth of various
cancer cell lined:-46212|n our continuing search for bioactive
metabolites from Taiwanese soft cor&is!’ we have chemically
investigatedSinularia manaarensi¥ersveldt and have succeeded
in the isolation of nine new cembranolidels9), along with two
related known metabolited @ and11) from its EtOAc extract. The
structures of1—-9, including their stereochemistries, have been
established by detailed spectroscopic analyses, particularly mass
and 2D NMR tH—H COSY, HMQC, HMBC, and NOESY)
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spectroscopy. Cytotoxicities of metabolites9 against Hepa59T/ 0
VGH (human liver carcinoma), KB (human oral epitheloid carci-

noma), Hela (human cervical epitheloid carcinoma), and Med
(human medulloblastoma) cancer cells are also reported. The
biosynthetic relationship of the above 11 metabolites is also
discussed.

Results and Discussion 7 8

The EtOAc extract of the freeze-dried animal was fractionated
by silica gel column chromatography, and the eluted fractions were
further separated utilizing normal-phase HPLC to yield cembra-
nolides1—11 as white solids. Compounds) and 11 were found
to be identical with the known cembranoids sinularin and dihy-
drosinularin, respectively, on the basis of the comparison of their
physical and spectroscopic data with those reported previdusly.
Since the new metabolitds-9 were isolated together with0 and -
11 from the same organism and possess very similar molecular 9 10 R] +R =Cl—2lz
skeletons, it was proposed that these 11 compounds should all have 11 R =CH;R°=H

the same absolute configurations at C-1, C-3, and C-4 from (including three oxymethines), two%guaternary carbons, and two
biogenetic considerations. sp quaternary carbons. The NMR signals appearingcal74.5
The HRFABMS spectrum of exhibited a molecular ion peak  (qC), 83.2 (CH), 43.0 (CH), 38.0 (CH), 27.2 (@Hand 17.1 (Ch)
atm'z 369.2274 [M+ H]*, consistent with the molecular formula  and ato,, 3.98 (1H, d,J = 11.0 Hz), 1.50 (1H, m), and 1.37 (3H,
CaoH320s and implying five degrees of unsaturation. The IR d, J= 7.0 Hz) and the IR absorption at 1722 chwere assigned
spectrum revealed the presence of hydroxy.{ 3356 cnt?) and to ana-methykd-lactone functionality by comparison with similar
ester {max 1720 cn?) groups. Thet*C NMR data ofl (Table 1, metabolite3!? as in 1112 Furthermore, carbon signals of two
CDCl;) showed the presence of 20 carbon signals ofaditerpenoid,methy|s 0 15.7, CH; 24.5, CH), one trisubstituted epoxide’ (
which were assigned by the assistance of a DEPT spectrum to threes9.2, C; 63.6, CH), one 1,1-disubstituted carboarbon double
methyls, seven Spnethylenes, one Smethylene, five spmethines bond ¢ 114.2, CH; 142.5, qC), one oxygen-bearing methirde (
85.3), and one oxygenated quaternary carbon78.0) were
* To whom correspondence should be addressed. Tel: 886-7-5252000,0bserved. From th#H NMR (Table 2) spectrum df, the presence

ext, S030. Fax: 88675255020, E-mail: sheu@mail nsysu.edu.tw. of one hydroperoxy proton resonating as a broad singhé 8t19
E Mir',‘;'c‘,f,,a Lﬂ,”nivg‘r'ssify” niversity. was observeét—20 Moreover, thetH NMR spectrum revealed the
$ National Museum of Marine Biology and Aquarium. presence of two olefinic methylene p_rotons as two singlet$ at
U National Research Institute of Chinese Medicine. 5.29 and 5.33. A proton signal appearingda&.88 (1H, t,J = 6.0
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Table 1. 13C NMR Spectral Data for Compounds-6

1a 2a 3b 4b 5a 62
1 38.0 (CH¥ 37.7 (CH) 37.8 (CH) 37.7 (CH) 374 (CH) 37.4 ((CH)
2 27.2 (CH) 27.3 (CH) 27.2 (CH) 27.3 (CH) 26.2 (CH) 26.2 (CH)
3 83.2 (CH) 82.6 (CH) 83.1 (CH) 82.7 (CH) 84.3 (CH) 84.4 (CH)
4 73.0 (©) 72.9 (C) 73.1 (©) 73.0 (C) 72.7 (C) 72.7 (©)
5 30.7 (CH) 33.9 (CH) 30.1 (CH) 34.2 (CH) 42.3 (CH) 42.2 (CH)
6 26.7 (CH) 25.4 (CH) 29.0 (CH) 31.0 (CH) 122.7 (CH) 127.6 (CH)
7 85.3 (CH) 90.4 (CH) 72.4 (CH) 77.6 (CH) 135.3 (CH) 135.2 ((CH)
8 1425 ©) 143.1 (©) 147.1 (®) 147.7 (© 83.9 (©) 85.5 (©)
9 31.5 (cH) 24.8 (CH) 29.7 (CH) 24.2 (CH) 32.8 (CH) 33.8 (CH)
10 24.9 (CH) 235 (CH) 24.0 (CH) 23.4 (CH) 22.6 (CH) 23.8 (CH)
11 63.6 (CH) 64.2 (CH) 64.1 (CH) 64.4 (CH) 66.1 (CH) 65.9 (CH)
12 59.2 (©) 59.4 (©) 59.3 (©) 59.4 (©) 59.7 (©) 59.7 (©)
13 34.4 (CH) 34.3 (CH) 34.3 (CH) 34.3 (CH) 34.7 (CH) 34.7 (CH)
14 30.3 (CH) 30.9 (CH) 30.7 (CH) 30.1 (CH) 29.8 (CH) 29.6 (CH)
15 43.0 (CH) 43.0 (CH) 43.0 (CH) 43.0 (CH) 42.4 (CH) 42,5 (CH)
16 1745 (©) 1745 ©) 174.6 (©) 174.6 (C) 174.4 (©) 174.1 (©)
17 17.1 (CH) 17.4 (CH) 17.3 (CH) 17.6 (CH) 16.2 (CH) 16.0 (CH)
18 24.5 (CH) 24.4 (CH) 24.5 (CH) 24.4 (CH) 25.9 (CH) 25.0 (CH)
19 114.2 (CH) 117.2 (CH) 111.2 (CH) 114.7 (CH) 25.0 (CH) 19.6 (CH)
20 15.7 (CH) 15.6 (CH) 15.6 (CH) 15.6 (CH) 15.1 (CH) 15.1 (CH)

aSpectra recorded at 500 MHz in CXCt Spectra recorded at 400 MHz in CRCt Attached protons were deduced by DEPT experiments.
Table 2. TH NMR Spectral Data for Compounds-6

1a 2a 3b 4b 5a 62
1 1.50m 1.51m 1.51m 1.51m 1.40m 1.37m
2 1.91m;1.40m 1.91m; 1.40m 1.91m; 1.40m 1.91m;1.40m 1.91m;1.32m 1.92m;1.36 m
3 3.98d (11.0) 4.02d (10.0) 4.01d (10.8) 4.06d (10.8) 3.98d (10.5) 3.87d (10.2)
5 1.68m; 1.58 m 1.58m; 1.55m 1.67m;1.58 m 1.58m; 1.53m 2.55dt (15.0, 2.5); 2.54 dt (15.0, 2.5);
2.49dd (15.0, 10.5) 2.48 dd (15.0, 10.5)
6 2.08 m; 1.34m 1.76 m; 1.20 m 1.89m;1.33m 1.72m; 1.32m 5.46 ddd (16.0, 10.5, 2.5) 5.38 ddd (16.0, 10.5, 2.5)
7 4.521(3.5) 4.40dd (11.5, 3.5) 4.33brs 4.20dd (11.3,2.8) 5.59 dd (16.0, 2.5) 5.81 ddd (16.0, 2.5)
9 243 m;2.11m 2.40 m; 2.06 m 2.30m; 2.19m 2.45m;2.05m 2.23m; 1.67m 2.25m; 1.67 m
10 1.77m; 1.70 m 2.00m; 1.70 m 1.93m; 1.65m 1.95m; 1.68 m 1.84m; 1.27m 1.86 m;1.28 m
11 2.881(6.0) 2.85dd (7.0, 3.5) 2.91t(6.7) 2.85t(5.5) 2.81d(9.0) 2.81d(9.0)
13 2.09m;1.28m 2.10m; 1.28 m 2.08m;1.29m 2.10m; 1.28 m 2.08m; 1.23m 2.08m;1.22m
14 1.90m; 1.26 m 1.91m;1.27m 1.90m; 1.27 m 1.90m; 1.26 m 1.83m; 1.25m 1.84m;1.25m
15 2.19m 2.19m 2.19m 2.19m 211m 211m
17 1.37d (7.0) 1.38d (7.0) 1.37d(7.2) 1.39d(7.2) 1.36d (7.0) 1.36d (7.0)
18 1.38s 1.39s 1.38s 1.40s 1.51s 1.53s
19 5.335;5.29s 5.325;5.23s 5.35s;5.23s 5.15s;5.13s 1.38s 1.42s
20 1.27s 1.27s 1.27s 1.28s 1.21s 1.21s
8-O0OH 8.19brs 7.84brs 7.48 brs 7.60 brs

aSpectra recorded at 500 MHz in CXCt Spectra recorded at 400 MHz in CRCt J values (in Hz) in parentheses.
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Figure 1. *H—H COSY and HMBC correlations fot and5. 2

Hz) and correlating with a carbon signal @63.6 in the HMQC . .

spectrum was due to the proton of the trisubstituted epoxide. On Figure 2. Key NOESY correlations fof and2.

the basis of the above results and by the assistanit¢-eiH COSY

and HMBC experiments (Figure l)‘ the molecular framework of reflected th$-0rientaﬂ0n5 of both methyls at C-15 and C-12. AlSO,

could be established. Hs-20 was found to interact with L0, but not with H-11, revealing
The relative Configura’[ions of the seven chiral centers at C-1, thetrans geometry of the trisubstituted epoxide. Furthermore, the

C-3, C-4, C-7, C-11, C-12, and C-15 inwere elucidated by the NOE interactions found between the hydroperoxymethine proton

following NOE analysis, as shown in Figure 2. It was found that H-7 and H-@ and between H and H-18 determined the

H-3 (6 3.90, d,J = 11.0 Hz) showed NOE interactions with H-1 a-orientation of the hydroperoxy group. On the basis of the above

and H-18 (0 1.38, s). Thus, assuming tifieorientation of H-3t2 observations and as the absolute configurationdafnd11 have

H-1 and H-18 should be positioned on tifeface, as well. One of been determined as showhthe structure of compountl could

the methylene protons at C-14) (1.90, m) exhibited NOE  be fully established as R3R4S7R,115125155-4-hydroxy-7-

correlations with H-1 and was assigned as H,1hile the other ~ hydroperoxy-11,12-epoxycembr-8(19)-en-16,3-olide.

(6 1.26, m) was denoted as H-d4The NOE correlations observed Manaarenolide B2) was found to be more polar thanand

between H-17 and H-1, H-15 and H-4 and H-20 and H-14 was isolated as a white solid. It possessed the same molecular
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formula (GoH3:06) as that ofl, as revealed from HRFABMS.
Furthermore, it was found that the NMR spectral dat2 ofere
very similar to those of (Tables 1 and 2) except for the significant
downfield shift observed at C-7A¢c +5.1 ppm) and the upfield
shift at C-9 (Adc —6.7 ppm), relative to those df, suggesting
that2 could be the C-7 epimer df By 2D NMR (*H—1H COSY,
HMQC, and HMBC), compoun& was shown to possess the same
molecular framework as that of, while its stereochemistry,
particularly at C-7, was resolved by NOESY experiments. It was
found that one protond( 1.20, m) of CH-6 showed an NOE
interaction with H-3 § 4.02, d,J = 10.0 Hz) and was assigned as
H-66. H-60. (6 1.76, m) was found to correlate with H-3 &.40,
dd,J = 11.5, 3.5 Hz), revealing the-orientation of H-7 and thus
the Sconfiguration at C-7 (Figure 2). Further analysis of other NOE
interactions establishetlas (IR,3R,4S57511S 12S 159-4-hydroxy-
7-hydroperoxy-11,12-epoxycembr-8(19)-en-16,3-olide.

Manaarenolide C3) was isolated as a white solid and exhibited
a pseudomolecular ion peak a¥z 353.2325 by HRFABMS,
appropriate for a molecular formula 043,05, with one oxygen
atom less than those @fand2. The IR spectrum also revealed the
presence of lactone{.x 1722 cnt?) and hydroxy {max 3404 cnt?)
moieties. The FABMS showed ion peaksalz 335 [M — H,O +
H]*™ and 317 [M— 2 H,O + H]*, suggesting the presence of two
hydroxy groups in3. The NMR spectral data were found to be
very similar to those ofl (Tables 1 and 2), except at position 7,
which become upfield shiftedd¢ 72.7 anddy 4.33) relative to
that of1 (¢ 85.3 anddy 4.52). Therefore, the hydroperoxyl group
attached at C-7 il was assumed to be converted to a hydroxy
group in 3. This was further supported by reduction bfwith
triphenylphosphin¥-2°to yield 3, as evidenced from the identical
NMR spectroscopic data &and the reduced product. Therfoge,
was established asRI3R,4S7R,11S5125155)-4,7-dihydroxy-11,-
12-epoxycembr-8(19)-en-16,3-olide.

Manaarenolide D4) was isolated as a white solid and showed
a similar [M + H]* ion peak in the HRFABMS corresponding to
the molecular formula &H3,0s, the same as that 8f The FABMS
of 4 also showed peaks &'z 335 [M — H,O + H]*™ and 317 [M
— 2 HO + H]*, due to the presence of two hydroxy groups.
Comparison of NMR data of with those of2 (Tables 1 and 2)

Su et al.

Figure 3. Key NOESY correlations fob and6.

the C-6 and C-7 position of the double bond, while those found
from H-6 (0 5.46), H-7 ¢ 5.59), and the protons of a tertiary methyl

(6 1.38) to the oxycarbon C-8 revealed that the hydroperoxy group
should be positioned at C-8. On the basis of the above observations,
and by the assistance of additional 2D NMRH{H COSY,
HMQC and HMBC) experiments, it was possible to establish the
planar structure o6 as illustrated in Figure 1.

The relative configurations of the seven chiral centers at C-1,
C-3, C-4, C-8, C-11, C-12, and C-15 fnwere determined on the
basis of NOE correlations observed by NOESY (Figure 3). It was
found that H-18 (0 1.51, s) showed NOE interactions with both
H-3 (6 3.98, d,J=10.5 Hz) and H-6{ 5.46, ddd,JJ = 16.0, 10.5,

2.5 Hz), while H-7 ¢ 5.59, dd,J = 16.0, 2.5 Hz) was NOE
correlated with H-19 (6 1.38, s). Therefore, H-3, H-6, and;18

are situated on the sanfkface, and in contrast, H-7 andsH9
should be positioned on the-face. The above finding, together
with J values for both H-6 and H-7 (16.0 Hz), confirmed the
E-configuration of the 6,7-double bond. Further NOE analysis
revealed thab possessed the same configurations at C-1, C-3, C-4,
C-11, C-12, and C-15 as in compouhdFigure 3). On the basis
of the above results, the structure 6f was established as
(1R,3R,4S8R,11S 125 155 6E)-4-hydroxy-8-hydroperoxy-11,12-ep-
oxycembr-6-en-16,3-olide.

Manaarenolide Fg) was isolated as a white solid. Its HRFABMS
exhibited a [M+ H]* ion peak at 369.2278&Vz, establishing a
molecular formula of gH3,0s. By 2D NMR spectra, including

suggested the structural difference to be confined to C-7. It was 1y _11y cosy HMQC, and HMBC, compoun@ was shown to

found that C-7 and H-7 of were upfield shiftedAdc —12.8 and
Ady —0.20 ppm) relative to those & a shift that was similar to
that shown in3 relative tol (Adc —12.9 andAdy —0.20 ppm).
Therefore,4 was deduced as the 7-hydroxy derivative2fthe
C-7 epimer of3. This conclusion was also supported by the similar
splitting pattern observed for H-7 thand2. Thus, the structure of
manaarenolide D was established aR,8R,4S 75115125 159)-
4,7-dihydroxy-11,12-epoxycembr-8(19)-en-16,3-olide.

The new metabolite manaarenolide3} {as obtained as a white
solid and possessed the molecular formulgHg;Os, as established
from the HRFABMS and NMR data, implying five degrees of
unsaturation. Similar td—4, the IR spectrum ob indicated the
presence of hydroxywfax 3422 cntl) and lactonei,ax 1711 cnt?)
functionalities. The FABMS showed ion peakswalz 351 [M + H
— HO]" and 317 [M+ H — H,O — H,0;]*, suggesting the
presence of one hydroxyl and one hydroperoxy group.iifhe
latter was supported by tHéd NMR signal appearing ab 7.48
(1H, br s)8-20 Comparison of the NMR data & with those of
1-4 (Tables 1 and 2) revealed thahad the same structural unit
extending from C-5 to C-1 and further from C-1 to C-9 and C-16,
including the attached methyls at C-4, C-12, and C-15. However,
it was found that possessed a C88 moiety containing a 1,2-
disubstituted double bond (122.7 and 135.3, each CH), a methyl
(6 25.0), and a quaternary oxycarban&3.9, qC), instead of the

possess the same molecular framework as that &irthermore,
it was found that the NMR data & were very similar to those of
5 (Tables 1 and 2), suggesting th@atmight be an isomer 05.
However, the significant downfield shift at C-&\§c +4.9 ppm)
and the upfield shift at C-19(0c —5.4 ppm) relative to those of
5 (Table 2) suggested th& might be the C-8 epimer db. By
NOESY (Figure 3), it was found that thzoriented H-3 § 3.87,
d, J = 10.2 Hz) showed NOE interactions with H-& (.37, m),
H-6 (0 5.38, dddJ = 16.0, 10.5, 2.5 Hz), and #i8 (0 1.53, s),
while H-6 showed NOE interactions with boths#18 and H-19
(6 1.42, s), indicating thg-orientation of H-19. This inferred the
S-configuration at C-8. Further analysis of other NOE interactions
revealed tha6 possessed the same relative configurations at C-1,
C-3, C-4, C-11, C-12, and C-15 as thosédFigure 3). Therefore,
6 was found to be the C-8 epimer & and assigned as
(1R,3R,458S5 115125 155 6E)-4-hydroxy-8-hydroperoxy-11,12-ep-
oxycembr-6-en-16,3-olide.

Manaarenolide G7) was obtained as a white solid. It exhibited
a pseudomolecular ion peak @tz 335.2226, consistent with the
molecular formula GHz004. The IR spectrum of indicated the
presence of hydroxyfn. 3422 cntl) anda,S-unsaturated lactone
(Vmax 1714 cnrl) moieties. Among the 20 signals appearing in the
13C NMR spectrum of7 (Table 3), the signals &t 38.2 (CH), 85.1
(CH), 125.9 (CH), 138.8 (qC), and 165.8 (qC) revealed the

1,1-disubstituted double bond, methylene, and oxymethine found presence of arx-exomethylenie-d-lactone ring%312 This was

in 1-4. HMBC correlations (Figure 1) observed froms-#i8 to
both C-4 and the allylic methylene carbah42.3, C-5) indicated

further supported by the two $methylene protons that appeared
ato 5.69 and 6.55 (each 1H, d= 2.6 Hz). By comparison of the
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Table 3. 'H and13C NMR Spectral Data for Compounds-9

Journal of Natural Products, 2006, Vol. 69, Nd187

7 8 9
C/H 1Ha l3cb 1Ha 13cb 1Hc l3cd
1 2.37m 38.2 (CH) 2.15m 41.2 (CH) 2.60m 33.0 (CH)
2 2.24m;144m 27.7 (Cy 2.06 m; 1.67 m 31.2 (ChH 2.01m;1.38 m 28.5 (Ch
3 4.17 dd (11.6, 2.8) 85.1 (CH) 3.91d(10.8) 84.2 (CH) 4.00 dd (10.5, 2.0) 83.7 (CH)
4 73.8(C) 73.7(C) 74.2 (C)
5 1.79m;1.60 m 38.4 (CHy 1.79m 37.3(Ch) 1.83m;1.60 m 38.8 (Ch
6 2.35m;1.77m 22.1(CH 2.26 m; 2.06 m 22.9(Ch 2.32m;1.82m 22.3(Ch
7 4.99t(7.2) 124.7 (CH) 5.22t(7.2) 126.6 (CH) 5.08t(7.2) 124.4 (CH)
8 133.5(C) 135.0 (C) 136.2 (C)
9 2.18m;2.01m 34.1(CH 2.28m;2.06 m 35.0 (Ch 2.13m;1.98m 32.9(ChH
10 1.94m 29.5(Ch 1.92m; 1.49m 32.0 (ChH 2.00m; 1.69 m 30.5(Ch
11 4.11dd (9.2,4.4) 77.0 (CH) 4.42dd (9.2, 4.0) 67.9 (CH) 4.09 brt (6.0) 73.0 (CH)
12 138.8 (C) 140.4 (C) 147.9 (C)
13 5.551t(8.4) 124.5 (CH) 5.61t(7.2) 126.3 (CH) 2.31m;2.03m 29.7,JCH
14 2.67m;1.96 m 29.7 (CH 2.39m;2.12m 33.0(ChH 2.22m;1.54m 31.4(Ch
15 138.8 (C) 139.7 (C) 139.8 (C)
16 165.8 (C) 166.0 (C) 166.6 (C)
17 6.55d (2.6) 125.9 (Chl 6.53d (2.6) 128.2 (Ch) 6.54d (2.5) 126.8 (Ch)
5.69d (2.6) 5.70d (2.6) 5.74d (2.5)
18 1.39s 24.7 (Ch 141s 25.1(Ch) 1.40s 25.0 (Ch)
19 161s 14.5 (Ch) 162s 17.0 (ChH 1.63s 15.7 (Ch
20 164s 11.5 (CH) 1.73s 16.5 (Ch) 5.285;5.07s 109.1 (Gi

aSpectra recorded at 400 MHz in CC! Spectra recorded at 100 MHz in CCt Spectra recorded at 500 MHz in CRCY Spectra recorded
at 125 MHz in CDC4. ¢J values (in Hz) in parenthesésAttached protons were deduced by DEPT experiments.

7 = :'H-'H COSY 9
- : HMBC

Figure 4. 'H—'H COSY and HMBC correlations for and9.

13C NMR data of7 with those of sinularin10),'2 it was found that
the 11,12-trisubstituted epoxide and C-13 methylen&Qrwere
replaced by a trisubstituted double borg; 6.55, 1H, t,J = 8.4
Hz; 6c 124.5, CH and 138.8, qC) and a hydroxy-bearing methine
(0n 4.11, 1H, ddJ = 9.2, 4.4 Hz;6c 77.0, CH) in7. The planar
structure of7, including the positions of the above double bond
and hydroxyl, was determined b{H—'H COSY and HMBC
correlations (Figure 4). Accordingly, HMBC correlations observed
from the vinylic methyl ab 1.64 to the olefinic carbons &t138.8
(qC) and 124.5 (CH), and the oxymethine carbod @7.0, together
with HMBC correlations found from H14 to these olefinic carbons,

The 1R,3R,4S configurations of7 were revealed from the NOE
interactions (Figure 5) and chemical shift values of the relevant
carbons similar to those ib—6. Moreover, the NOE correlations
observed by thg-oriented H-3 with the olefinic proton H-7, and
H-7 with H,-9 but not with H-19, established the methyl group at
C-8 to be on thet-face and, hence, d@configuration for the 7,8-
trisubstituted double bond. This was further supported by NOE
interactions found betweenzH9 and one of the H6 protons §
2.35). Furthermore, NOE correlations displayed by fhariented
H-3 with H-28 (6 2.24, m), H-% with H-13, and H-13 with H-11
but not with H;-20 indicated thex-orientation of hydroxyl at C-11
and theE-configuration of the 12,13-trisubstituted double bond,
respectively. The latter finding was further supported from NOEs
found between the methyl group at C-12 and one of theld
protons § 2.67). On this basis along with other NOESY correlations
(Figure 5), the structure of metabolitevas identified as ®,3R 4S-
11S7E,13E)-4,11-dihydroxycembra-7,12(13),15(17)-trien-16,3-
olide.

Manaarenolide H§) was found to possess the same molecular
formula, GoH30O4, as that of7 on the basis of the HRFABMS
(m/z 335.2226 [M+ H]*) and NMR data (Table 3). Am,(-
unsaturated lactone and a hydroxyl were also revealétfiom
the IR absorption bands at.x 1714 and 3439 crt, respectively.
Comparison of théH and 3C NMR data of8 with those of7
(Table 3) showed that both compounds possess similar structures.

revealed the hydroxyl at C-11 and the presence of a double bondThis was further supported by the planar structure established by

at C-12 and C-13.

2D NMR analysis of8. However, it was found that the chemical

Figure 5. Key NOESY correlations for, 8, and9.
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shifts of C-11 ¢ 67.9) and C-20 { 16.5) in 8 were markedly
different from those of7 (6 77.0 and 11.5, respectively). These
data revealed th&-geometry of the 12,13-double bond & as
C-20 could not be shielded by theeffect® exerted by C-14.
Moreover, the similar splitting patterns addalues of both protons
at C-11 in7 and8, combined with the NOE interactions (Figure 5)

observed between thieoriented H-1¢ 2.15, m) and H-1144.42, Fraction 17 eluted witm-hexane-EtOAc (5:1) and was separated by

dd,J = 9.2, 4.0 Hz), revealed the-orientation of the 11-OH i. normal-phase HPLC usinghexane-acetone (6:1) to yield (4.2 mg),
Furthermore, the NOE correlations displayed between the olefinic 2 (2.5 mg),5 (3.0 mg), ands (3.2 mg), respectively. Finally, fraction

proton at C-13¢ 5.61, t,J = 7.2 Hz) and H-20 (6 1.73, s) assigned 18 eluted withn-hexane-EtOAc (2:1) and was further purified by
the Z-configuration of the double bond between C-12 and C-13. normal-phase HPLC using-hexane-acetone (5:1 to 4:1) to afford
On this basis, the structure of manaarenolide H was determined ag2.5 mg), 8 (2.9 mg), 9 (2.6 mg), 3 (2.5 mg), and4 (1.9 mg),
(1R,3R 4S,11S 7E,132)-4,11-dihydroxycembra-7,12(13),15(17)-  "espectively. ) )
trien-16.3-olide Manaarenolide A (1): white solid; mp 8%83 °C; [a]p?’ —23 (¢
' = . . . 0.38, CHCY}); IR (neat)vmax 3356, 1720, 1381, and 1232 cin*H and

Manaarenolide 19) was isolated as a white solid. Its HRF_ABMS 13C NMR data, see Tables 2 and 1, respectively; FABME369 [0.4,

(m/z 335.2227 [M+ H]*) and NMR data (Table 3) established a

Extraction and Separation. The lyophilized bodies 08. manaa-
rensis(2.2 kg, wet wt) were minced and exhaustively extracted with
EtOAc (1 L x 5). The solvent-free EtOAc extract (20.2 g) was subjected
to Si gel CC and eluted with-hexane in EtOAc (6:100%, gradient)
to yield 28 fractions. Fraction 16 eluted withhexane-EtOAc (10:1)
and was chromatographed by normal-phase HPLC usihgxane-
acetone (8:1) to yieldlO (25 mg) and11 (28.2 mg), respectively.

(M + H)*], 351 [0.4, (M— H,O + H)*], and 317 [0.3, (M— H.O —
molecular formula of GH3¢04. Thus,9 was an isomer of boti
and8. The IR spectrum o9 revealed the presence of hydroxy{x
3437 cnt?) and o, B-unsaturated lactonesga, 1714 cnt?) func-
tionalities. By comparison of NMR data &fwith those of7 and

H20, + H)™]; HRFABMS myz 369.2274 (calcd for Hz30s 369.2278).

Manaarenolide B (2): white solid; mp 85-87 °C; [a]p?® —21 (¢
1.08, CHCH); IR (neat)vmax 3373, 1722, 1381, and 1219 cin'H and
13C NMR data, see Tables 2 and 1, respectively; FABM$369 [0.3,

(M + H)*], 351 [0.2, (M— H,O + H)*], and 317 [0.2, (M— H0 —
H,0, + H)*]; HRFABMS nvz 369.2275 (calcd for gH330s 369.2278).
Manaarenolide C (3): white solid; mp 78-80 °C; [o]p?® —26 (c
0.28, CHC}); IR (neat)vmax 3404, 1722, 1381, and 1217 cin*H and
13C NMR data, see Tables 2 and 1, respectively; FABM2353 [0.2,
(M + H)*], 335 [0.2, (M— H,0O + H)*], and 317 [0.2, (M— 2 H,O
+ H)*]; HRFABMS m/z 353.2325 (calcd for GHss05 353.2329).

8 (Table 3), it was found that the vinylic methyl at C-12 and the
sp? methine at C-13 irY and8 were replaced by an exomethylene
(0w 5.28 and 5.07, each 1H, &: 109.1) and an sgmethylene ¢y
2.31 and 2.03, each 1H, M 29.7) in9, respectively. Analyses
of ITH—1H COSY and HMBC correlations established the planar
structure of9 as shown in Figure 4, which showed the C-12
positioning of the exocyclic methylene. Careful analysis of the Manaarenolide D (4): white solid; mp 83-85 °C; [a]p®® —13 (¢
NOESY spectrum 0P, in comparison with that of7, allowed 0.60; IR (neatymax 3400, 1722, and 1379 crij*H and**C NMR data,
determination of the relative stereochemistry of manaarenalide | see Tables 2 and 1, respectively; FABM# 353 [0.3, (M+ H)'],
as shown in Figure 5. Thus, the structuredofias established as 335 [0.2, (M — Hz0 + H)*], and 317 [1.1, (M= 2 H,O + H)"];
(1R 3R,4S 11S 7E,132)-4,11-dihydroxycembra-7,12(20),15(17)- HRFABMS 353.2328mz (calcd for GoHs:Os 353.2329).
trien-16.3-olide. Manaarenolide E (5): white solid; mp 115-118°C; [a]p?® —33 (c
' . . . . 0.38, CHCY); IR (neat)vmax 3422, 1711, 1631, 1381, and 1236 ¢m
The cytotoxicity of diterpenoidd—11 against the gromh of 1H and*C NMR data, see Tables 2 and 1, respectively; FABMS
Hepa59T/VGH, KB, Hela, and Med cancer cells was studied. The 369 [0.5, (M+ H)*], 351 [0.2, (M — H,0 + H)*], and 317 [0.3, (M
results showed that only compoundsnd 8 exhibited moderate — H20 — H,0; + H)*]; HRFABMS m/z 369.2278 (calcd for §Hz:0s
cytotoxicities against the tested cell lines @B 7.2, 8.7, 10.9, 369.2278).
and 13.4ug/mL for 7, and 7.4, 7.6, 9.3, and 5&/mL for 8, against Manaarenolide F (6): white solid; mp 103-105°C; [a]p?® —13 (c
the growth of Hepa59T/VGH, KB, Hela, and Med cells, respec- 0.75, CHCY); IR (neat)vmax 3383, 1722, 1379, and 1236 ci'H and
tively). It seemed that the C-11 to C-13 hydroxy olefin moiety in zﬁfw)ﬁ]da& FSXE '\Tﬂzbrlﬁ/sz g gg% 217Er;eé|c§§3\;§lry§ EA%Mggggz[gg
; " - o : ) 3305 360. )
Lt;enigratl\;]v;)”dc:sn.wpounds is critical for the cytotoxic activity of Manaarenolide G (7): white solid: mp 85-87 °C. [oo —41 (¢

. ; . 0.72, CHCY); IR (neat)vmax 3422, 1714, 1651, 1622, and 1385 ¢in
Biogenetically, hydroperoxycembranolidds 2, 5, and6) could 1H and*C NMR data, see Table 3; FABM®/z 335 [0.5, (M+ H)*],

be considered as the products of the ene reaction formed by additior317 [1.0, (M — H;O + H)*], and 299 [1.0, (M— 2 H,0 + H)*];
of singlet oxyge#l?? to the allylic 7,8-double bond inll. HRFABMS nvz 335.2226 (calcd for &H3104 335.2223).

Metabolites7—9 are assumed to be derived from acid-catalyzed = Manaarenolide H (8): white solid; mp 76-72 °C; [o]p?® —28 (c
reactions of the 12,13-epoxide. To the best of our knowledge, the 0.56, CHCY); IR (neat)vmax 3439, 1714, and 1635 chi*H and *C

hydroperoxycembranolides possessiriglactone ring are reported ~ NMR data, see Table 3; FABMBVz 335 [0.2, (M+ H)'], 317 [0.3,
herein for the first fime. (M — H0 + H)*], and 299 [0.4, (M~ 2 H,0 + H)*]; HRFABMS

m/z 335.2226 (calcd for &H3104 335.2223).
Manaarenolide | (9): white solid; mp 83-85 °C; [o]p?® —46 (c
0.78, CHC}); IR (neat)vmax 3437, 1714, 1622, and 1265 cin*H and
General Experimental ProceduresMelting points were determined ~ **C NMR data, see Table 1 and'3C NMR data, see Table 3; FABMS
using a Fisher-Johns melting point apparatus. Optical rotations were Mz 335 [1.0, (M+ H)*], 317 [1.5, (M— H20 + H)*], and 299 [1.5,
measured on a Jasco DIP-1000 digital polarimeter. IR spectra were(M — 2 H,O + H)™]; HRFABMS mvz 335.2227 (calcd for &Hs104
recorded on a Hitachi I-2001 infrared spectrophotometer. FABMS were 335.2223). . )
obtained with a VG Quattro GC/MS spectrometer. HRFABMS spectra __Reduction of Manaarenolide A (1).Manaarenolide AT) (2.2 mg)
were recorded on a JEOL-SX/SX 102A mass spectrometer. The NMR Was stirred with 8 mg of triphenylphosphine in 5 mL of ether for 4 h

spectra were recorded on a Bruker AMX-400 FT-NMR at 400 MHz at room temperature. After evaporation of excess reagent, the residue
for IH and 100 MHz for3C or on a Varian Unity INOVA 500 FT- was separated by short column chromatography on silica gel (EtOAc

) : : o .
NMR at 500 MHz fortH and 125 MHz for%C, respectively, in CDG| n-hexanes= 1:2) to give a reduced product {1.9 mg, 90%). Physical

using TMS as internal standard. Silica gel 60 (Merck, 2800 mesh) and spectral data of this product were found to be in full agreement

> with those of the natural produt
was used for column chromatography. Precoated silica gel plates  cyotoxicity Testing. Cell lines were purchased from the American
(Merck, Kieselgel 60 fs4, 0.2 mm) were used for analytical TLC

Type Culture Collection (ATCC). Cytotoxicity assays of the test
analyses. compoundd—9 were performed using the MTT [3-(4,5-dimethylthia-
Animal Material. S. manaarensigAlcyonidae) was collected by

zole-2-yl)- 2,5-diphenyltetrazolium bromide] colorimetric metiéd*
hand via scuba at the coast of Pingtung, southern Taiwan, in July 2001,
at a depth of 10 to 15 m, and stored in a freezer until extraction. A Acknowledgment. This work was supported by a grant from the
voucher sample is deposited at the Department of Marine Biotechnology National Science Council of the Republic of China (NSC 93-2113-M-
and Resources, National Sun Yat-Sen University. 110-007) awarded to J.-H.S.
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