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An unprecedented C,C-linked dimeric norcembranoid (sinulochmodin A, 1), a novel isocembranoid (sinulochmodin B, 2), and a novel yonarane
norditerpenoid (sinulochmodin C, 3) were isolated from the soft coral Sinularia lochmodes . The structures of these metabolites were elucidated
by extensive spectroscopic analysis and on the basis of the absolute structures of two related norditerpenoids (4 and 5), which were determined

for the first time by a modified Mosher method. A plausible pathway for the biosynthesis of 1 and 3 =5 from 2 was postulated.

Soft corals, particularly those of the genimularia have terpenoidal metabolites from marine invertebr&tésye
been recognized as a rich source of bioactive C-4 norcembra-have isolated a novel dimeric norcembranoid, sinulochmodin
noids!~® In a continuation of our investigation on the A (1), a novel isocembranoid, sinulochmodin B,(and a

T Department of Marine Biotechnology and Resources, National Sun Yat- n(_ew yona-ra-ne nord!terpenmd, SI-nUIOChm-Odm:B dlong
sen University. ' with 5—eprsmu|eptoh§e 4)_and sinuleptolide §) from a

¥ Mansoura University. Formosan soft corabinularia lochomdegKolonko, 1926).

® National Taiwan University. o The structure elucidations of the new metabolites were
U Department of Chemistry, National Sun Yat-sen University.

(1) Ahmed, A. F.; Su, J.-H.; Kuo, Y.-H.; Sheu, J.-H.Nat. Prod.2004

67, 2079-2082. (6) Ahmed, A. F.; Su, J.-H.; Shiue, R.-T.; Pan, X.-J.; Dai, C.-F.; Kuo,
(2) Ahmed, A. F.; Shiue, R.-T.; Wang, G.-H.; Dai, C.-F.; Kuo, Y.-H.;  Y.-H.; Sheu, J.-HJ. Nat. Prod.2004 67, 592-597.

Sheu, J.-HTetrahedron2003 59, 7337-7344. (7) Sung, P.-J.; Hu, W.-P.; Wu, S.-L.; Fang, L.-S.; Wang, J.-J.; Sheu,
(3) Sheu, J.-H.; Ahmed, A. F.; Shiue, R.-T.; Dai, C.-F.; Kuo, Y.H. J.-H. Tetrahedron2004 60, 8975-8979.

Nat. Prod.2002 65, 1904-1908. (8) Sheu, J.-H.; Chao, C.-H.; Wang, G. H.; Hung, K.-C.; Duh, C.-Y.;
(4) Shoji, N.; Umeyama, A.; Arihara, S. Nat. Prod.1993 56, 1651 Chiang, M.-Y.; Wu, Y.-C.; Wu, C. CTetrahedron Lett2004 45, 6413~

1653. 6416.
(5) Sato, A.; Fenical, W.; Qi-tai, Z.; Clardy, Jetrahedron1985 41, (9) Wang, G.-H.; Ahmed, A. F.; Kuo, Y.-H.; Sheu, J.-B.Nat. Prod.

4303-4308. 2002 65, 1033-1036.

10.1021/0l051513j CCC: $30.25  © 2005 American Chemical Society
Published on Web 07/28/2005



Downloaded by NATIONAL TAIWAN UNIV on November 2, 2009 | http://pubs.acs.org
Publication Date (Web): July 28, 2005 | doi: 10.1021/01051513]

Table 1. H and!3C NMR Data of1—3
1e 2b 3c
no. éH 6(} 51{ (5C (5H 60
1 3.22 m 39.3 (CH)¢ 3.10 br t (5.6) 39.6 (CH) 2.66 m 37.4 (CH)
2 2.37 dd (15.0, 7.0) a 47.5 (CHg) 2.58 2H, d (5.6) 47.3 (CHs) 2.47m o 31.9 (CHy)
2.70 dd (15.0, 3.0) 8 2.34mp
3 208.0 (qC) 206.0 (qC) 206.7 (qC)
4 3.41d(18.5) a 47.3 (CHy) 3.01d (16.8) o 46.1 (CHs) 2.56d(7.8) a 50.2 (CHg)
3.26 d (18.5) B 2.91d (16.8) B 2.66d(7.8)
5 88.0 (qC) 87.1 (qC) 80.0 (qC)
6 215.6 (qC) 216.6 (qC) 213.5 (qC)
7 2.65d (19.5) a 50.2 (CH2) 2.86d (18.8) a 51.0 (CHg) 2.67 d (8.0) 57.8 (CH)
2.33d(19.5) 8 2.68d (18.8)
8 80.0 (qC) 79.2 (qC) 89.7 (qC)
9 1.69 dd (15.0, 6.0) o 42.1 (CHy) 1.99 dd (14.4, 6.6) o 43.9 (CHg) 2.55dd (15.0, 7.5) a 46.6 (CHs)
2.07 dd (15.0,11.0) 8 2.28dd (14.4,11.6) 2.22.dd (15.0,7.5) B
10 4.61dd (11.0, 6.5) 80.3 (CH) 5.00 dd (10.6, 6.6) 82.1 (CH) 5.15dd (8.0, 7.5) 83.3 (CH)
11 4.20s 77.0 (CH) 4.60 s 77.1 (CH) 3.76 ddd (10.5, 8.0, 8.0) 51.5 (CH)
12 132.0 (qC) 134.1 (qC) 2.82t(10.5) 38.4 (CH)
13 6.59 dd (8.5, 7.0) 143.7 (CH) 6.63 dd (9.6, 6.0) 141.9 (CH) 2.94 dd (11.0, 4.5) 51.9 (CH)
14 2.37 ddd (15.0, 7.0,7.0) o 30.8 (CHg) 2.19 ddd (14.0, 6.0,6.0) o 30.1 (CHy) 2.56 m o 46.5 (CHs)
3.47 ddd (15.0, 8.5, 5.5) 3 3.85 ddd (14.0, 9.6, 4.8) 8 2.99d (14.0) B
15 147.5 (qC) 148.2 (qC) 147.9 (qC)
16 5.01s,494s 111.2 (CHy) 491s,4.83s 111.0 (CHy) 4.83s,4.75s 111.0 (CHy)
17 1.89 3H, s 20.7 (CHs) 1.69 3H, s 21.1 (CHs) 1.74 3H, s 20.7 (CHs)
18 1.72 3H, s 25.8 (CHs) 4.22d(11.2),3.97d (11.2) 66.0 (CHy) 1.27 3H, s 22.8 (CHj3)
19 167.9 (qC) 1.72 3H, s 26.7 (CHs) 176.1 (qC)
20 169.5 (qC)

aSpectra recorded at 500 MHz féd in CDClz and 125 MHz for'3C. P¢ Spectra recorded at 400 MHz féd and 100 MHz for'3C (b) in GDsN and
(c) in CDCk. 9 The J (Hz) are shown in parenthesésAttached protons were determined by DEPT experiments.

accomplished by extensive spectroscopic analysis and on thgpounds. Therefore, the absolute structured ahd5 were
basis of the absolute structures #fand 5, which were unambiguously determined as shown in their formulas.
determined for the first time by a modified Mosher metHod.

The soft corals. lochomdegl.9 kg) was collected by hand _

using scuba off the coast of the southernmost tip of Taiwan.

The EtOH extract (64.4 g) of the frozen organsim was
partitioned betweem-hexane and kD and then between
EtOAc and HO. The EtOAc-soluble portion (2.1 g) was
subjected to column chromatography (Si gel, EtOAe
hexane, 0:10 to 10:0, gradient). A fraction eluted with
EtOAc—n-hexane (1:4) was purified by normal-phase HPLC

+0.01

+0.02 +0.02
+0.03

(EtOAc—n-hexane, 1:5) to affor@ (1 mg). Another fraction
eluted with EtOAe-n-hexane (1:1) was further separated 42: R = (S)-MTPA 5a: R - (S)-MTPA
utilizing normal-phase HPLC (EtOAen-hexane, 1:3 to 2:1, 4b: R = (R)-MTPA 5b: R = (R)-MTPA

gradient) to yieldl (3 mg),2 (3.7 mg),4 (35 mg), and (15
mg).
The absolute configurations of known metaboldepx]?%

4: R=H 5: R=H

Figure 1. H NMR chemical shift differencedd (0s — Jg) in
ppm for the MTPA esters of and5.

—119 € 4.0, CHC),2 and 5, [0]2% +63 (c 4.0, CHCH),2

were determined by a modified Mosher meti®@&ompari- Sinulochmodin A (), [o]*% —129 € 1.2, CHC}), was

son of'H NMR chemical shifts between th&®)y- and ©)- obtained as a white powder and had the molecular formula
MTPA esters of each compound (see Figure 1) led to the CasHasO12 as determined by HRESIM$n(z calcd 717.2887;
assignment of thdR-configuration at C-11 for both com- found 717.2882, [M+ NaJ"). The IR spectrum revealed the

presence of hydroxy (3402 cr), conjugatedy-lactone

(10) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, H.Am. Chem. (1749 cn?), and ketone (1720 cm) groups. The NMR
So0c.1991], 113 4092-4096.

(11) Chao, C.-H.; Huang, L.-F.; Yang, Y.-L.; Su, J.-H.; Wang, G.-H.;
Chiang, M. Y.; Wu, Y.-C.; Dai, C.-F.; Sheu, J.-B. Nat. Prod.2005 68,

880—885.
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spectra (Table 1) indicated the presence of 19 carbons,
including one 1,1-disubstituted double bond, one trisubsti-
tuted double bond, three carbonyls, two methyls, fivé sp
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methylenes, three 3methines (including two oxygenated), || NNENGKEGGNGNGEGEGEGEEEEEEEEEEEEEE

and two sp quaternary oxycarbons. From the above observa-
tions and the molecular formula df it is clear thatl is a
symmetric dimer of a norcembranoidal half structure
(C19H2306). From the NMR spectral data, and by extensive
analyses on the 2D NMR'{—'H COSY and HMBC)
correlations, it was found that the molecular framework for
the monomer ofl should be nearly identical with those #f
and5. The presence of two oxygenated quaternary carbons
and the absence of H-5 ih(cf. 4 or 5) indicated that two
monomers are linked by -©C bonds through their C-5’s.
The upfield-shifted C-18425.8) in1 and that ird (6 26.6),
relative to that irb (6 29.6)? proved 5episinuleptolide 4)

to be a monomeric moiety df. The indicated NOE (Figure

2) correlations also revealed thhis the monomeric moiety

Figure 3. Molecular structure o based on X-ray analysis.

NOE <

Figure 2. Key NOESY correlations of.

of 1 and confirmed the 5,5-linkage of the two monomers
from the significant NOE correlations found betwees18
and one proton of H4 (6 3.26). Therefore, the structure of
sinulochmodin A {) was established and was found to be
the first dimeric norcembranoid via C,C-linkage.
Sinulochmodin B 2), obtained as colorless prisms, mp
165-166 °C, [0]*» —91 (¢ 1.5, GHsN), was found to
possess a molecular formuladl,60; as established by
HRESIMS {n/z calcd 401.1576; found 401.1577, [Mt
NaJ"). Its IR spectral absorptions (3419, 1780, 1761, and
1709 cn1?), revealed functionalities similar to those found
in 1. Comparison of its NMR data (Table 1) with those of
4? revealed thag differs from 4 only in the presence of a
hydroxymethyl group &y 3.97 and 4.22, each 1H, d,=
11.2 Hz;6c 66.0, CH) instead of the presence of a proton
at C-5. The HMBC correlations found from the hydroxy-
methyl protons to C-64 216.6, C) and from K4 to the
hydroxymethyl carbon C-18)(66.0, CH) and C-5 ¢ 87.1,
C) suggested that the hydroxymethyl group should be placed
at C-5. The!H—'H COSY and HMBC correlations were
found to be mostly identical to those observedliand 4.
The upfield-shifted C-194 26.7) in 2, which is close to
that of C-18 in4, reflected thecis orientatiot? of both
hydroxymethyl at C-5 and methyl at C-8. On the basis of
the above findings, the structure of sinulochmodin B was
established and was further confirmed by single-crystal X-ray
diffraction analysis (Figure 3% Thus, compound® was

Org. Lett, Vol. 7, No. 17, 2005

considered as a novel isocembranoid in which a methyl
substituent has been oxidized to hydroxymethyl group and
migrated from C-4 of a cembranoid to C-5.
It is noteworthy to mention that the absolute structures of
1 and2, as shown in their formulas, were confirmed after
determination of the absolute structuredads they have the
same sign of optical rotation and similax]} values, and
on the basis that they were isolated from the same organism.
Sinulochmodin C 3), isolated as a white powder]?%
—12.5 € 0.4, CHC}), has a molecular formula ;¢H,,05
from its HRESIMS (Wz calcd 331.1559; found 331.1550,
[M + H]"), implying nine degrees of unsaturation. Its IR
spectrum revealed the presence of carbonyls (1761, 1705
cm1) and absence of hydroxyls. #&C NMR data (Table
1) also led to the assignment of one lactone carbonyl, two
ketone carbonyls, and one isopropenyl group, suggesting that
the structure of3 should possess two additional rings
compared to those found ih or 5 as the signals of (12,-
13)-double bond ot and5 disappeared. This was further
confirmed by the HMBC correlations (Figure 4) observed
from H-12 (0 2.82) to C-13 ¢ 51.9) and C-5¢ 80.0), H-13
(6 2.94) to C-5, and from H-7§2.67) to C-12 § 38.4).
These correlations revealed the carboarbon bond forma-

— :"H-"H cosY QLJ

—: HMBC

Figure 4. COSY and HMBC correlations i8.
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tion between C-5 and C-13, and C-7 and C-11. By com-
parison of NMR data 08 with its molecular formula, it was Scheme 1. Proposed Biosynthetic Pathway forand 3—5
found that an oxygen has to be placed between C-5 and C-8 from 2
to form an oxo-THF ring. The NOESY spectrum &f i o 3
.,
 [0]

displayed correlations (Figure 5) between theriented OCOZ' Q)
o 101 5865}35& E \r 2, 4and5
o o}
as T

N

6 7
(o] Oe
1 dimerization "Z{ AN 2—
(0] (0]
T 8 T

A plausible biosynthetic pathway fdr, and3—5 from 2
was proposed as illustrated in Scheme 1. Oxidation of the
primary alcohol moiety o would yield the carboxylaté
which could be decarboxylated to the enolat&etolization
and the following protonization of would afford4 and>5.
The subsequent carbegarbon bond formation id and/or
H-10 and H-11, H-11 and H-12, H-11 and H-7, H-7 and 5 by nucleophilic condensation between C-5 and C-13, and

Hs-18, reflecting thes-orientation of the 5,8-ether bridge. C-7 and C-11 further afforded. Moreover, the oxidation
One of the methylene protons at C-12.56) was found to of 7 b_y Ios_lng an electron would give radicglwhich could
correlate with H-13 and assigned as Hil&he other C-14 b€ dimerized tol. To the best of our knowledge, the
proton showed NOE interaction with H-1, revealing the oxidative radical coupling to form dimeric norcembranoids
o-orientation of the isopropenyl group. On the basis of the Of this type has not found previously.
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Figure 5. Key NOESY correlations 08.
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