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Abstract—A new cembranolide diterpene, isosarcophytonolide D (1), and two biscembranes with an unprecedented fused carbon
skeleton, bislatumlides A (3) and B (4), were isolated from the Hainan soft coral Sarcophyton latum. Their structures and relative
stereochemistry were established by 1D and 2D NMR spectroscopic techniques. Compounds 3 and 4 should be obtained by Diels—
Alder addition of two cembranoid units. Compound 1 could be one of the biosynthetic precursors. Both 3 and 4 showed mild cyto-

toxicity toward A549, HT-29, and P388 cell lines.
© 2007 Elsevier Ltd. All rights reserved.

Marine organisms, comprising more than half of the
total global biodiversity, offer an enormous source of
novel and biologically active compounds. The soft corals
(phylum Cnidaria, class Anthozoa, subclass Octocoral-
lia, order Alcyonacea) have been proven to be a store-
house of terpenoids. Nearly 30 species of soft corals of
the genus Sarcophyton, from different geographical
areas, have been chemically examined. They contain
an impressive series of cembranoid diterpenes.' In par-
ticular, the rare and unusual biscembranoids were only
isolated from this genus. The first biscembrane, methyl
sartortuoate, was reported from the Chinese soft coral
Sarcophyton tortuosum. by Su.? To date, 12 biscembra-
noids have been discovered from two species of genus
Sarcophyton (S. tortuosum and S. glaucum).>® The
occurrence of biscembranoids can be justified by
Diels—Alder addition of two different cembranoid units.
However, until now, all reported biscembranoids exhi-
bited the coupling between the 1(2) double bond acti-
vated by a 20-carboxymethyl group and a conjugated
trisubstituted 21(34), 35(36)-butadiene moiety (accord-
ing to the numbering assigned to compounds 5 and 6).
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The soft corals of genus Sarcophyton are prolific in the
South China Sea. In the course of our search for biologi-
cally active substances from Chinese marine organisms,
we chemically examined Sarcophyton latum collected off
Ximao Island, Hainan Province, China. Four new
cembranolides, named sarcophytonolides E-H,° were
isolated. Recently, this animal was re-collected off the
coast of Sanya, China. Chemical investigation of the
ethyl ether-soluble fraction from the acetone extract of
this organism led to the isolation of a new cembranolide
diterpene, isosarcophytonolide D (1), which was iso-
meric with the previously reported sarcophytonolide D
(2),'° along with two biscembrane-type tetraterpenoids,
bislatumlides A (3) and B (4), exhibiting an unprece-
dented fused carbon skeleton. The present Letter deals
with the isolation and structural elucidation of these
new compounds.

The workup for the extraction and isolation of cem-
branolides was basically performed as previously
reported.” This common procedure yielded three new
compounds named isosarcophytonolide D (1, 38 mg),
bislatumlides A (3, 10.2mg), and B (4, 9.8 mg),
respectively.

Isosarcophytonolide-D (1)!" was obtained as an UV-
absorbing [Amax 231 nm, loge 4.11] colorless oil. Its
molecular formula, C,,H37Os, was deduced from its
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HREIMS {m/z 374.2080 [M]", caled for C,,Hz3,Os,
374.2094}. A comparison of overall '"H and '*C NMR
data'®!! revealed great similarities between compound
1 and sarcophytonolide-D (2), which was previously iso-
lated from Hainan soft coral S. tortuosum.'® Both 1 and
2 possess the same o, -unsaturated y-lactone system, an
acetoxyl group at C-5 and an isopropyl group at C-4. In
fact, the '"H and '>C NMR data'®!'! of 1 and 2 were
almost identical except for those of C-10, C-12, and C-
19. These differences could be easily justified by the dif-
ferent geometry of the double bond at A2 (E for 1
and Z for 2). The A'' E configuration in 1 was con-
firmed by the upfield shifted '>°C NMR resonances of
C-19 (from ¢ 24.8 in 2 to ¢ 18.8 in 1) and supported
by the strong NOE correlations of H-12/H,-10. The
relative stereochemistries at C-3, C-4, and C-5 were
assigned the same as those of 2 through both
comparison of *C NMR data of compound 1 with
those of 2,'%!! showing almost identical chemical shift
values for C-1-C-5, and interpretation of its NOESY
spectrum. Compound 1 was therefore established as
A" isomer of 2 and named isosarcophytonolide-D.

Bislatumlide A (3)'? was isolated as an UV-absorbing
[Amax 242 nm, loge 4.17] amorphous white powder and
exhibited the [M+H]" ion at m/z 695.4581 (calcd
695.4523), corresponding to the molecular formula
C4Hg305. The IR spectrum showed the absorptions
indicative of hydroxyl groups (3565 cm™"), ester carbon-
yls (1763 and 1736 cm™'), and conjugated carbonyl
(1678 cmfl). In the '"H NMR spectrum, resonances
due to eight methyls, including two methyls of an iso-
propyl group (6 1.08, 1.09, each 3H, d, /J=7.2Hz, o
2.14, 1H, m), four vinyl methyls (6 1.69, 2.12, 1.70,
1.76, each 3H, br s), and two methyls linked to hydr-
oxyl-bearing carbons (6 1.12, 1.13 each 3H, s), were
observed as well as those of three carbonyls (6 198.2,
178.1, 170.5) in the '*C NMR spectrum (Table 1). These
data implied that bislatumlide A was a biscembranoid,
such as bisglaucumlides A-D,® which have been recently
isolated from the same genus, Sarcophyton. The gross
structure of 3 was deduced to be as shown in Figure 1
by detailed interpretation of the NMR spectra, includ-
ing "H-'"H COSY, HMQC, and HMBC spectra (Table
1) and by comparison of the NMR data with those of

related compounds. In particular, the resonances in
the NMR spectrum due to the rings A and B (left half
moiety of the molecule, X) were very similar to those
of the co-occurring 1, while the right half moiety Y
(rings C-E) was reminiscent of those of bisglaucumlide
A (5).

For the partial structure X (Fig. 1), HMBC correlations
clearly suggested the presence of an o,fB-unsaturated
v-lactone moiety at C-1-C-3, C-20, an isopropyl at C-4,
an acetoxyl at C-5, a conjugated enone moiety at C-
11-C-13, and two trisubstituted double bonds at A’
and A", respectively, which were the same as that of
co-occurring isosarcophytonolide A (1).

For the partial structure Y (Fig. 1), the segment from C-
21 to C-31 could be readily identified by both the exten-
sive interpretation of its 'H-'H COSY, HMQC, HMBC
spectra and by the comparison of 'H and '*C NMR
data of C-21-C-31 with those of the corresponding part
of model compound 5.8 In addition, in a similar manner,
the fragment C-34-C-36/C-37, the same as those of 5,
was also easily recognized. In fact, 3 differs from 5 only
by the lack of hydroxyl group at C-32. Due to the de-
hydroxyl effect, the '*C NMR signal of C-32 was appar-
ently upfield shifted (from 6 70.8 in 5 to 36.9 in 3).
Moreover, due to the absence of ;(—gauche effect caused
by the C-32 hydroxyl group, the >°C NMR signals of C-
34 and C-40 of 3 were reasonably downfield shifted with
respect to those of 5 (from ¢ 125.2 and 18.8 in 5 to 135.6
and 23.1 in 3, respectively) giving further support for the
lack of C-32 hydroxyl group in 3.

Finally, the partial structures X and Y were connected
together to form ring C by the linkages from C-1 to
C-21 and C-2 to C-36 by the HMBC correlations of
H,-14/C-21, H-3/C-36, H-2/C-35, and H-21/C-1 and
C-20, and '"H-'H COSY correlations of H-2 and H,-
36 according to the planar structure of 3.

The relative stereochemistry for both olefins and chiral
carbons of 3 was established by extensive interpretation
of NOESY spectrum (Fig. 2), as well as by comparison
of 'H and "*C NMR data of 3 with those of model com-
pounds 1 and 5. In fact, a substantial similarity in both
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Table 1. NMR data of compounds 3 and 4 in CDCl; recorded at 400/
100 MHz

No. 3 dc 4 dc
Oy (mult., J, Hz) oy (mult., J, Hz)

1 — 519,s — 50.9, s
2 2.39 (m) 442,d 2.13 (m) 43.7,d
3 3.68 (dd, 11.2,4.8) 81.7,d 3.72(dd, 11.2,4.7) 82.1,d
4 1.45 (br d, 11.2) 48.7,d  1.89 (m) 46.1,d
5 486 (dd, 10.4,3.6) 73.3,d 4.86(dd, 10.4,3.6) 72.1,d
60 2.30 (m) 41.1,t  2.30 (m) 41.5,t
6  2.30 (m) 2.13 (m)

7 — 132.5,s — 131.8, s
8 5.10 (t, 6.8) 126.7,d  5.16 (t, 7.6) 127.8,d
9 2.34 (m) 247,t  2.30 (m) 253, t
10 2.30 (m) 40.2,t  3.10 (m) 311, t
1 — 160.7,s — 161.9, s
12 591(s) 126.3,d  6.00 (s) 1249, d
13 — 198.2,s — 198.7, s
140 2.58 (d, 12.6) 489,t  2.38(d, 15.1) 524, t
148 2.68 (d, 12.6) 3.04 (d, 15.1)

15 219 (m) 259,d  2.20 (m) 25.7,d
16 1.09(d, 7.2 18.0,q 1.09 (d, 7.2) 18.3, q
17 1.08(d.7.2) 251,q 1.17(d.7.2) 247, q
18 1.69 (s) 179,q 1.67 (s) 17.1, q
19 2.12(s) 19.4,q 1.89(s) 249, q
20 — 178.1,s — 178.9, s
21 3.09 (br d, 10.3) 439,d 2.85(d, 10.3) 45.6,d
22 6.15(d, 10.3) 121.3,d 5.96 (d, 10.3) 121.1,d
23 — 140.3,s — 139.6, s
240 2.69 (br d, 13.4) 384,t  2.65(d, 13.4), 38.3, t
24 1.78 (dd, 13.4, 2.8) 1.76 (m)

250 1.56 (m) 26.1,t  1.55(m) 26.0, t
256 2.17 (m) 2.20 (m)

26 3.57(d, 10.0) 85.6,d  3.55(d, 10.0) 85.6, d
27 — 69.9,s — 69.8, s
280 1.66 (dd, 12.1,2.9) 31.5,t  1.64 (m) 315, t
28B  1.56 (m) 1.53 (m)

290 1.59 (m) 20.0,t  1.55(m) 20.0, t
298 1.76 (m) 1.67 (m)

30 3.67 (brd, 11.2) 68.1,d  3.63 (brd, 10.8) 68.8, d
31 — 73.8,s — 73.8, s
320 1.11 (m) 36.9,t  1.13 (m) 37.1, t
328 1.60 (m) 1.59 (m)

3300 2.19 (m) 22.6,t 221 (m) 22,6, t
33 1.92 (m) 1.89 (m)

34 — 135.6,s — 1345, s
35 — 127.8,s — 128.9, s
360 2.20 (m) 343,t  2.19 (m) 339, t
36 1.84 (m) 1.78 (m)

37 170 (s) 20.2,q 1.72(s) 204, q
38 1.76 (s) 19.6,q  1.70 (s) 19.5, q
39 1.12(s) 254,q 1.11(s) 254, q
40  1.13 (s) 23.1,q 113 (s) 23.1, q
41  — 170.5,s — 170.5, s
42 2.08 (s) 21.3,q  2.06 (s) 21.2, q

Figure 1. Partial structures X, Y of bislatumlide A (3).

X '\ ROESY

Figure 2. Selected key NOESY correlations for 3.

carbon and proton values of segments C-1-C-14, C-20
between 3 and 1; C-23-C31 between 3 and 5 was
observed, whereas significant differences were detected
for C-21 and C-22 according to the different orientation
of the carboxyl group at C-1. Thus the structure of
bislatumlide A was proposed as depicted in 3.

Bislatumlide B (4)'3 was also isolated as an UV-absorb-
Ing [Anax 240 nm, loge 3.84] white powder. Its molecular
formula, C4,Hg,0g, deduced from its HRESIMS {m/z
695.4553 [M+H]"} was the same as 3. Detailed analysis
of 1D and 2D NMR spectra revealed that the gross
structure of 4 was identical with that of 3. However,
careful comparison of their ?*C NMR data revealed that
the chemical shifts of C-19 and C-10 of 4 were signifi-
cantly different from those of 3. In particular, the '*C
NMR signal of C-19 was downfield shifted (from ¢
24.9 to 19.4) indicating the Z nature of A'' olefin in 4.
The 11Z geometry was further confirmed by strong
NOE correlations of H-12/H3-19, and the smaller ¢
value of unsaturated ketone UV-absorbing of 4 than
that of 3. Thus, compound 4 was the 11Z isomer of 3
and should be formally obtained by coupling compound
2 with an undetected cembranoid displaying a diene
moiety as that depicted in formula 6.

A plausible biosynthetic pathway for compounds 3 and
4 is proposed in Scheme 1. It is obvious that 1 was one
of the two precursors of 3. Another precursor should
be compound 6. Diels—Alder coupling of 1 and 6
should lead to biscembrane 3. The possible coupling
should occur between 1Z double bond of 1 and
A?139:3566) diene of 6. Therefore, the carbon framework
of 3 is different from that of all previously described bis-
cembranes. In fact, until now, no paper has reported
cembranoid dimers involving the coupling with a lac-
tone ring. In addition, almost all the previous cembrane
dimers exhibited the reactive olefinic double bond at
positions 1,14 (according to the numbering assigned to
compound 1), whereas the conjugated double bond in
the lactone ring of compound 1 was between the carbons
C-1 and C-2. The Diels—Alder addition which arises
from supra—supra transition state explains the trans ste-
reochemistry of H-2 and lactone as well as the cis geom-
etry of lactone and H-21. Analogously, the formation of
biscembrane 4 by Diels—Alder coupling of the 11Z iso-
mer of 1, sarcophytonolide A (2),!° with compound 6
could be hypothesized. However, an acid-catalyzed
isomerization of 3 into 4 should also be taken into con-
sideration. In fact, we did observe that compound 3
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I(A”E), 2(A”Z)

Scheme 1. Plausible Diels—Alder reaction leading to compounds 3 and 4.

could slowly transform into 4 by isomerization of the
A" double bond when it was stored in CDCls.

Bislatumlides A (3) and B (4) exhibited mild cytotoxicity
toward several cell lines. ICsy values of 7 pg/mL were
determined in assays against A-549 lung carcinoma
and HT-29 colon adenocarcinoma human tumor cell
lines, and 5.8 ug/mL against the P388 murine lympho-
cytic leukemia cell line.

Acknowledgements

This research work was financially supported by the
National Marine ‘863 Projects (Nos. 2006AA09Z7447
and 2006AA09Z412), Natural Science Foundation of
China (No. 20572116), STCSM Projects (Nos.
054307062 and 06DZ22028), and partially funded by
the grants from CAS (KSCX2-YW-R-18 and CAS pres-
ident award for excellent Ph.D. candidate). We are also
grateful to Dr. Ernesto Mollo for the collection of the
animal material and Mr. Z.-Y. Li for the technical
assistance and art work.

References and notes

1. Anjaneyulu, A. S. R.; Rao, G. V. J. Indian Chem. Soc.
1997, 74, 272-278.

2. Su, J.-Y.; Long, K.-H.; Peng, T.-S. Huaxue Xuebao 1985,
43, 796-797.

3. Su, J.-Y.; Long, K.-H.; Peng, T.-S.; Zeng, L.-M. Sci.
China, Ser. B. 1988, 31, 1172-1184.

4. Kusumi, T.; Igari, M.; Ishitsuka, M. O.; Ichikawa, A.;
Itezono, Y.; Nakayama, N.; Kakisawa, H. J. Org. Chem.
1990, 55, 6286-6289.

5. Leone, P. A.; Carroll, A. R.; Coll, J. C.; Meehan, G. V. J.
Nat. Prod. 1993, 56, 521-526.

6. Feller, M.; Rudi, A.; Berer, N.; Goldberg, I.; Stein, Z.;
Benayahu, Y.; Schleyer, M.; Kashman, Y. J. Nat. Prod.
2004, 67, 1303-1308.

7.

11.

12.

13.

X.-H. Yan et al. | Tetrahedron Letters 48 (2007) 5313-5316

4+2
—_—

3(AVE), 4(A'Z)

*formally numbered according to 3 and 4

Zeng, L.-M.; Lan, W.-J.; Su, J.-Y.; Zhang, G.-W.; Feng,
X.-L.; Liang, Y.-L.; Yang, X.-P. J. Nat. Prod. 2004, 67,
1915-1918.

Iwagawa, T.; Hashimoto, K.; Okamura, H.; Kurawaki, J.;
Nakatani, M.; Hou, D.-X.; Fujii, M.; Doe, M.; Morimoto,
Y.; Takemura, K. J. Nat. Prod. 2006, 69, 1130-1133.
Jia, R.; Guo, Y.-W.; Mollo, E.; Gavagnin, M.; Cimino, G.
J. Nat. Prod. 2006, 69, 819-822.

. Jia, R.; Guo, Y.-W.; Mollo, E.; Cimino, G. Helv. Chim.

Acta 2005, 88, 1028-1033.

Isosarcophytonolide A (1): colorless oil, [a}g) —66 (c 0.67,
CHCL); IR vpax (film) cm™': 2958.3, 1760.7, 1737.6,
1686.0, 1615.0, 1443.0, 1379.4, 1241.1, 1080.4, 1020.6,
970.0, 729.0; LC-ESIMS: 397 [M+Na]", LREIMS, m/z:
374 (M), 314, 296, 271, 218, 175, 161, 135; HREIMS m/z:
374.2080 (C,,H300s, caled 374.2094); '"H NMR (CDCls,
500 MHz): 7.49 (s, H-2), 5.02 (d, J = 10.7 Hz, H-3), 1.47
(d, J=10.7 Hz, H-4), 4.95 (m, H-5), 2.30 (m, H-6p), 2.14
(m, H-60), 4.95 (m, H-8), 2.29 (m, H-9), 2.29 (m, H-10x),
2.06 (m, H-10p), 5.67 (s, H-12), 3.49 (d, J=16.1 Hz,
H-140), 3.13 (d, J = 16.1 Hz, H-14p), 2.20 (m, H-15), 1.13
(d, J=7.1 Hz, H5-16), 1.12 (d, J=7.1 Hz, H;-17), 1.58
(s, H3-18), 2.14 (s, H3-19), 2.08 (s, COCHs;); *C NMR
(CDCls, 125 MHz): 129.3 (s, C-1), 152.3 (d, C-2), 81.3 (d,
C-3), 51.1 (d, C-4), 72.9 (d, C-5), 42.3 (t, C-6), 132.4 (s, C-
7), 126.1 (d, C-8), 24.4 (t, C-9), 40.6 (t, C-10), 159.4 (s, C-
11), 122.6 (d, C-12), 195.7 (s, C-13), 40.5 (t, C-14), 25.8 (d,
C-15), 18.8 (q, C-16), 25.1 (q, C-17), 17.8 (q, C-18), 18.8
(q, C-19), 172.5 (s, C-20), 21.0 (g, COCH;), 170.8 (s,
COCHS,).

Bislatumlide A (3): white powder, [a]]z)o —15 (¢ 1.06,
CHCL); IR v (KBr) cm™': 3465.5, 2937.1, 1762.6,
1735.6, 1677.8, 1608.4, 1436.7, 1373.1, 1242.0, 1180.2,
1041.4, 754.0; UV Jpax (MeOH): 246 nm (¢ 14,626); LC—
MS: m/z 695 [M+H]", HRESIMS m/z: 695.4581
(CxH330s, caled 695.4523); 'H NMR (CDCls,
400 MHz) and '*C NMR (CDCls;, 100 MHz): see Table 1.
Bislatumlide B (4): white powder, [o]f —15 (¢ 1.34,
CHCL); IR vma (KBr) cm™': 3465.5, 2937.1, 1762.0,
1735.6, 1673.9, 1606.4, 1446.4, 1375.0, 1242.0, 1022.1,
756.0; UV Amax (MeOH): 240 nm (¢ 6931); LC-MS: m/z
695 [M+HT", HRESIMS m/z: 695.4553 (C»,H330s, calcd
695.4523); '"H NMR (CDCls, 400 MHz) and *C NMR
(CDCl3, 100 MHz): see Table 1.
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