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A detailed chemical examination of the Indian Ocean soft coral Sinularia flexibilis yielded two
new cembranolide e-lactones, sandensolide monoacetate (1) and flexibolide (4), in addition to
the previously reported cembranolide d-lactones, flexibilolide and dihydroflexibilolide, and the
known cembranoid derivatives, sandensolide, cembrene A, and flexibilene. Their structures
have been established by a study of their spectral data (UV, IR, 'H and °C NMR, 2D NMR
(*H—1H, COSY and NOESY), and mass spectrometry.

Soft corals (Coelenterata, Octocorallia, Alcyonaceae)
are a rich source of terpenoids, polyhydroxysteroids, and
other compounds. Soft corals of the genus Sinularia are
prolific, with 90 known species of which about 35 have
been chemically examined.? Sinularia flexibilis (Al-
cyoniidae) occurs in different seas, and several collec-
tions have been chemically examined by workers who
have reported the isolation of a range of cembranoid
diterpenes.3—°

In our continuing search for bioactive secondary
metabolites from soft corals of the Indian Ocean,'0-18
we examined Sinularia flexibilis collected from Diglipur
Island of the Andaman and Nicobar group of islands of
the Indian Ocean and reported the isolation of the two
new cembranolide d-lactones flexibilolide and dihydro-
flexibilolide from its EtOAc extract.’® A detailed further
examination of the same extract furnished the five
additional compounds A—G, two of which are new.

Compounds A and B were identified as cembrene A
and flexibilene,37 respectively, by a comparison of their
physical and spectral data with those reported.

Compound C analyzed for C,,; H3,05 and had a peak
at m/z 316 (M™ — AcOH) in its mass spectrum. It was
recognised as the new cembranolide lactone (1) by a
close examination of its physical and spectral data
(Table 1), which were very similar to those of sanden-
solide (2).12 It was a monoacetate with one hydroxyl
group (vmax 3600 cm~1) and an acetate (vmax 1720, 1250
cm™1), while sandensolide is a dihydroxy derivative (vmax
3680, 3610 cm™1). This difference was also evident from
their 'H NMR spectra, where sandensolide showed two
carbinol methine protons at 6 3.80 (d, J = 15 Hz) and
4.20 (dd, J = 13, 6 Hz), while compound C showed a
hydroxymethine proton at ¢ 3.80 and an acetoxymethine
proton at 6 5.56 (dd, J = 13, 6 Hz). The relationship
between the two compounds was confirmed by acetyla-
tion of compound C to give sandensolide diacetate (3),
identical with material obtained by acetylation of san-
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densolide (2). Of the two carbinol methine protons in
sandensolide, it was the downfield allylic proton at ¢
4.20 that moved to 5.52 in compound C, indicating that
C is the 13-acetate of sandensolide (1). This finding was
also supported by the resonance of C-13 in sandensolide
at 76.8 (d) and in sandensolide acetate at 78.6 (d).

The structure of C was further supported by its 1H—
1H COSY and NOESY connectivities. The 5-H carbinol
methine proton at 6 3.80 showed COSY connectivity
with only one of the two neighboring methylene protons
appearing at ¢ 1.38 (with no coupling to the other
methylene proton, dihedral angle 90°) as in sanden-
solide. The 13-H acetoxymethine proton at 5.56 showed
allylic coupling with 20-H3 on the trisubstituted double
bond. The same 13-H showed !H—!'H COSY and
NOESY connectivity with 14-H,. Similarly 20-Hs showed
COSY and NOESY connectivity with 11-H, which in
turn showed connectivity to 103-H at 3.14, and 105-H
showed connectivity to 10a-H and vice versa. Because
the structure of sandensolide was established by exten-
sive spectral data, including X-ray analysis, the struc-
ture of compound C was established as (1S,4S,5R,
13R,8E,11E)-5-hydroxy-13-acetoxycembra-8,11,15-trien-
16,4-olide (1).

Compound D was identified as sandensolide (2), the
cembranolide oJ-lactone recently reported from our
laboratory from another soft coral species, Simularia
sandensis Versveldt.1?

Compound E, CyH3005 m/z 332 (Mt — H,0) was
considered from its physical and spectral characteristics
as a new seven-membered cembranolide e-lactone and
was designated flexibolide (4). It exhibited IR absorp-
tions for two hydroxyls (3400 and 3360 cm™1), olefinic
unsaturation at 1640 and 900 cm™!, and an a,5-
unsaturated e-lactone (1720 cm™1); the presence of the
latter group was supported by its UV absorption at 217
nm. Its 'H-NMR spectrum, taken in ds-pyridine (Table
2), was reminiscent of a cembranoid lactone and showed
two singlet methyls at 6 1.24 and 1.46 connected to
oxygenated carbons. One of these, together with the
exomethylene protons at 6 5.54 and 6.42 (each 1H, s) is
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Table 1. 'H NMR (400 MHz) and 13C NMR (100 MHz) Data for Compounds 1 and 2 (CDCls, 6 in ppm, J in Hz)
(SH (5Ca
position 1 2 1 2
1 2.15 (m) 2.15 (m) 355,D 35.6, D
2 2.61 (m) 2.68 (m) 320, T 319, T
3 2.18 (dd, J = 13, 10, aH) 2.19 (dd, J = 13, 10, aH) 334, T 336, T
1.96 (dd, J = 13, 10, SH) 1.98 (dd, J = 13, 10, SH)
4 86.9, S 86.7, S
5 3.80 (d, J = 15) 3.80 (d, J = 15) 67.3, D 67.2, D
6 1.88 (dd, J = 15, 8, aH) 1.88 (dd, J = 15, 8, aH) 269, T 264, T
1.38 (dd, J = 15, 8, fH) 1.38 (dd, J = 15, 8, fH)
7 2.31(m) 2.32(m) 349, T 348, T
8 1345, S 134.0, S
9 538(t,J=09) 537, J=09) 124.2, D 124.2, D
10 2.45 (q, J = 14, aH) 2.46 (q, J = 14, aH) 29.1, T 290, T
3.13 (q, J = 15, AH) 3.14 (g, J = 15, AH)
11 5.32(t, J=09) 5.37(t, J=09) 128.8, D 128.0, D
12 132.0, S 132.8, S
13 5.56 (dd, J = 13, 6) 4.20 (dd, J = 13, 6) 78.6, D 76.8, D
14 2.22 (m) 2.23 (m) 268, T 269, T
15 144.6, S 144.8, S
16 169.5, S 169.5, S
17 5.48 (s, Ho) 5.53 (s, Ho) 1245, T 1248, T
6.27 (s, HB) 6.27 (s, HB)
18 1.30 (s) 1.30 (s) 22.7,Q 22.8,Q
19 1.54 (s) 1.54 (s) 14.9, Q 15.0, Q
20 1.65 (s) 1.66 (q) 10.2, Q 9.8,Q
a Assignment of carbon types (S = C, D = CH, T = CH3, Q = CHj3) was made by DEPT.
Table 2. 'H-NMR (400 MHz) and 13C-NMR (100 MHz) Data for Compounds 4—6 (6 in ppm, J in Hz)
OH Oc?
position 4b 5¢ 6° 4b 5¢ 6°
1 2.12 (m) 2.1 (m) 39.2,d 34.7,d 35.7,d
2 1.98 (m) 1.97 (m) 2.2—-2.5 (m) 33.3,t 33.2,t 33.6, t
3 2.54 (m) 2.5 (M) 2.2—2.5 (m) 33.7,t 33.6,t 34.0,t
4 87.4,s 88.2, s 88.2, s
5 4.48 (dd, J = 10, 6.5) 4.36 (dd, J = 10, 6.5) 4.37 (dd, J = 8.4, 3.6) 85.2,d 83.8,d 83.4,d
6 2.98 (m) 2.96 (M) 30.0,t 29.8,t 304, t
7 3.10 (dd, J = 13, 6.5) 3.08 (dd, J = 13, 6.5) 34.6,t 349, t 34.7,t
8 85.1,s 85.4,s 86.4,s
9 3.82(d, J =13) 5.23(d, J = 13) 5.17 (d, J = 11) 77.8, d 77.7,d 77.9,d
10 2.56 (dd, J = 12, 6) 2.55 (dd, J = 12, 6) 38.0,t 36.6, t 27.3,t
2.11 (dd, J =12, 6) 2.10 (dd, J = 12,6)
11 5.77 (m) 5.63 (M) 128.0, d 126.2, d 34.3,t
12 134.8, s 132.8, s 59.9,s
13 4.20 (dd, J = 13, 6.5) 4.92 (dd, J = 12.5, 6) 3.40 (dd, J = 10, 6.4) 76.8, d 78.3,d 60.8, d
14 1.92 (m) 1.92 (m) 28.0, t 27,5t 26.7, t
15 146.8, s 1455, s 144.4, s
16 170.1, s 170.2, s 169.5, s
17 5.54 (s) 5.45 (s) 5.45 (s)
6.42 (s) 6.21 (s) 6.26 (s) 123.8t 123.6,t 123.6,t
18 1.46 (s) 1.26 (s) 1.24 (s) 19.4,q 16.7, q 16.4, q
19 1.24 (s) 1.23(s) 1.24 (s) 30.2,q 29.5, q 29.3, q
20 1.74 (s) 1.64 (s) 1.16 (s) 11.6, q 11.4, q 17.1, q
—OCOCH; 2.02 (s) 2.06 (s) 21.1,q 21.1,q
—OCOCH;3; 171.4,s 171.2, s
—OCOCH; 2.08 (s) 21.2,q
—OCOCH; 170.2, s

a Assignment of carbon types (S = C, D = CH, T = CH>, Q = CHz3) was made by DEPT. ? Spectra were recorded in ds-pyridine. ¢ Spectra

were recorded in CDCls.

characteristic of a seven -membered o,8-unsaturated
o-methylene lactone,®~7 as found in compounds C and
D. A methyl group on a trisubstituted double bond at
0 1.74 (s) was evident, with the corresponding olefinic
proton appearing at 6 5.77 (m). The compound also
exhibited three carbinol methine protons at 6 3.82 (d, J
= 13 Hz), 4.20 (dd, J = 13, 6.5 Hz), and 4.48 (dd, J =
10, 6.5 Hz), and it formed a diacetate (5) in which two
of the above carbinolic methine protons shifted down-
field from 3.82 to 5.23 and from 4.20 to 5.52 ppm,
supporting their secondary nature. The unchanged
third proton connected to an oxygenated carbon suggests
the presence of a hindered secondary hydroxyl group

or an ether bridge involving this oxygen. In the absence
of an epoxide this could be an ether bridge as in 5,8-
epoxycembranolide® isolated earlier from the same
species. Consistently, the double-bond equivalence also
requires the molecule to be tricyclic.

The 13C NMR spectrum (Table 2) coupled with the
DEPT spectrum supported the presence of all the
functionalities, five oxygenated carbons [0 87.4 (s), 85.2
(d), 85.1 (s), 77.8 (d), and 76.8 (d)], four olefinic carbons
[128.0 (d), 134.8 (s), 146.8 (s), 123.8 (t)], and a lactone
carbonyl (170.1, s). The spectral characteristics of
flexibolide compared very well with those of 5,8-epoxy-
cembranolide® (6) except for expected differences due to
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their different functionalities. A comparison of the 1H-
and 3C-NMR spectral data (Table 2) of flexibolide (4)
and its diacetate (5) with those of the 6 from C1 to C9
and C15 to C18 and with those of sandensolide (2) from
C10 to C14 confirmed the structural assignment as 5,8-
epoxy-9,13-dihydroxycembra-11,15-dien-16,4-olide and
suggested the stereochemical assignment as (1R, 4R,
5S, 8R, 9S, 13S, 11E). The stereochemistry of the
hydroxyl group at C13 was tentatively assigned as (S)
on assumed stereospecific ring opening of the 12,135—
epoxide ring.

4,R
5R

H
Ac

Compounds F and G were identified as the two
recently reported®® trihydroxycembranolide ¢-lactones,
flexibilolide and dihydroflexibilolide, respectively.

Experimental Section

General Experimental Procedures. Elemental
analyses were determined on a Carlo-Erba 1108 instru-
ment. UV spectra were recorded on a Milton Roy
Spectronic 1201 instrument. IR spectra were recorded
on a Perkin-Elmer 841 spectrophotometer. H- and 3C-
NMR spectra were measured on Bruker 400 MHz and
JEOL JNM EX-90 spectrometers, using CDCl3 and ds-
pyridine as solvents and TMS as internal standard. MS
were obtained on a JEOL JMS-300 spectrometer. Mps
were determined on VEB-analytic Dreder HMK hot
plate and are uncorrected. Optical rotations were
determined on a Perkin-Elmer model 141 polarimeter.

Animal Material. The soft coral Simularia flexibilis
was collected in April 1992, at Diglipur Island (91.31°E,
10.31°N) of the Andaman and Nicobar group of islands
of the Indian Ocean. Voucher specimens are preserved
at the Department of Organic Chemistry, Andhra
University, and the Museum of (N10), Goa.

Extraction and lIsolation. Slices of the soft coral
(ca. 10 kg wet wt) were soaked in EtOH (10 L) at room
temperature, and the extract was decanted carefully.
This process was repeated eight times. The combined
MeOH extract was concentrated to a small volume and
fractionated into EtOAc. The residue from the EtOAc
extract (30 g) was chromatographed over a Si gel column
(300 g, 100—200 mesh) using solvents of increasing
polarity from hexane to EtOAc. The selected fractions
were further purified by passing over Si gel columns or
recrystallization from appropriate solvents to yield
seven pure compounds (A—G).
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Compound A: colorless oil; 30 mg (0.0015% [0]?"p
—3.5° (¢ 0.35, CHCIly) identified as (3E,7E,11E)-cembra-
3,7,11,15-tetraene (cembrene A) by comparison of its 'H
NMR data with literature data.”°

Compound B: colorless oil; 20 mg (0.001%), identi-
fied as flexibilene by comparison of its 'TH NMR spectral
data with literature data.3”

Compound C: (1S,4S,5R,13R,11E)-5-hydroxy-13-
acetoxycembra-8,11,15-trien-16,4-olide (sandensolide-
13-acetate, 1); colorless needles (Me,CO—hexane); 30 mg
(0.0015%); mp 163—165 °C; [a]?’p +36.5° (c 0.85,
CHCI3); Anal. Calcd for C,H3,0s5: C, 70.21, H, 8.51.
Found: C, 70.11; H, 8.16; Amax (CHCI3) 217 nm; vmax
(CHCI3) 3600 (OH), 2980, 1720, 1665, 1360, 1250, 1130,
and 910 cm™%; 'H- and 3C-NMR data (see Table 1);
EIMS (70eV) m/z 316 (M™ — AcOH, 30.1), 301 (316 —
CHjs, 14.5), 298 (316 — H,0, 32.4), 218 (11.1), 190 (10.1),
160 (20.9), 108 (60.5), and 93 (80).

Acetylation of Compound C: Sandensolide Di-
acetate (3). To compound C (10mg) in pyridine (0.5
mL) was added Ac,O (0.5 mL), and the mixture was
allowed to stand at room temperature for 12 h. The
diacetate obtained after usual workup crystallized from
Me,CO—hexane as colorless needles, 8 mg; M 418; mp
148—150 °C; [0]?"p +45.5° (¢ 0.95, CHCI3); Anal. Calcd
for C4H3406: C, 68.9; H, 8.13. Found: C, 68.55; H,
7.95; Amax (CHCI3) 217 nm; vmax (CHCI3) 2980, 1720, and
1250 (OAc), 1720, 1440, 1190, 1140, and 930 cm™1; 1H
NMR (CDCl3, 90 MHz) 6 1.32, 1.54, 1.63, 2.02, 2.10
(each 3H, s), 2.50 (1H, m), 3.16 (1H, g, J = 15 Hz), 5.10
to 5.40 (3H, m), 5.52 (1H, m), 5.43, and 6.28 (each 1H,
s).

Compound D: colorless needles, 850 mg (0.0425%);
mp 188—190 °C; [a]?"p +55.5° (¢ 0.90, CHCI3) identified
as (1S,4S,5R,13R,8E,11E)-5,13-dihydroxycembra-8,11,15-
trien-16,4-olide (sandensolide, 2) by comparison of its
1H- and C-NMR spectral data with literature data.'?

Acetylation of Compound D: Sandensolide Di-
acetate (3). Compound D (10 mg) on acetylation with
Py—Ac,0, as described above, furnished sandensolide
diacetate identical in every respect with the acetate
obtained from compound C.

Compound E. (1R,4R,5S,8R,9S,13R,11E)-5,8-
Epoxy-9,13-dihydroxycembra-11,15-dien-16,4-
olide (Flexibolide, 4): colourless needles; 25 mg
(0.00125%); mp 198—200 °C; [a]?*’p +31.3° (c 1.33,
MeOH); Anal. Calcd for CyH300s: C, 68.58; H, 8.58.
Found: C, 68.12; H, 8.50; Amax (MeOH) 217 nm; vmax
(KBr) 3400 and 3360 (OH), 1720, 1640, 1465, 1380,
1080, and 920 cm™1; IH- and 3C-NMR data (see Table
2); EIMS m/z 332 (M* — H,0 31.1), 314 (21), 288 (21.3),
236 (15.1), 218 (17), 166 (11.6), 134 (67.9), 122 (75.9),
108 (92.2).

Acetylation of Compound E: Flexibolide Di-
acetate (5). Compound E (10 mg) was acetylated in
pyridine (0.5 mL) with Ac,0 (0.5 mL) as described above
to give the acetate as colorless oil, 7 mg; m/z M+ 434;
[0]?"p +20.4°; Amax (MeOH) 217 nm; Anal. Calcd for
C24H3407: C, 66.36; H, 7.83. Found: C, 66.10; H, 7.52;
vmax (CHCI3) 2950, 1725, and 1250 (OAc), 1720, 1440,
1190, 1142, and 930 cm™%; 'H NMR (CsDsN, 90 MHz)
1.24, 1.48, 1.76, 2.02, and 2.08 (each 3H, s); 4.46 (1H,
m); 5.23, 5.52, and 5.65 (each 1H, m); 5.45 and 6.42
(each 1H, s).

Compound F: colorless needles; 80 mg (0.004%) mp
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178—-180 °C; [a]?"p —40.7° (c 0.9, MeOH). The com-
pound was found to be identical in every respect with
(1R,3S,4S,8R,11S,12E)-4,8,11-trihydroxycembra-12,15-
diene-16,3-olide (flexibilolide).18

Compound G: colorless needles; 80 mg (0.004%) mp
160—163 °C; [a]?’p —22.0° (c 0.99, MeOH). The com-
pound was found to be identical in every respect with
(1R,3S,4S,8R,11S,15S,12E)-4,8,11-trihydroxycembra-
12-ene-16,3-olide (dihydroflexibilolide).18
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