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From the dichloromethane solubles of Capnella lacertiliensis five new sterols were isolated that are highly
functionalized with oxygen-containing substituents: 12â-acetoxy-7R-hydroxygorgosterol (1), 12â-acetoxy-
7R,19-dihydroxygorgosterol (2), 12â-acetoxyergost-5-ene-3â,23-diol (4), 12â-acetoxyergost-5-ene-3â,11â,-
16-triol (5), and 11â-acetoxyergost-5-ene-3â,12â,16-triol (6). The structures of all compounds were deduced
from interpretation of their spectroscopic data, mainly 1D and 2D NMR spectra and HREIMS. Biological
activities of the isolates were assessed, and all were found to be weakly antifungal. Compounds 5 and 6
were also found to have weak tyrosine kinase p56lck (TK) inhibitory activity at the 200 µg/mL level.

The secondary metabolite chemistry of soft corals be-
longing to the genus Capnella is dominated by sesquiter-
penes, typically capnellenes and capnellanes,2,3 together
with a few diterpenes: xenicanes,4 but no sterols.5 Inter-
estingly, of the great majority of the published material
attributed to Capnella spp., about 70% concerns chemical
synthesis of its various unusual terpenoids6 and has
essentially nothing to do with the animals themselves or
the biological activities of their secondary metabolites. In
the current project a species of Capnella (Capnella lac-
ertiliensis Macfadyen, 1963), which had never before been
investigated for its secondary metabolite content, was
selected for study. From the dichloromethane solubles of
the dry animal tissue five new (1, 2, 4, 5, and 6) polyoxy-
genated sterols were isolated.

Results and Discussion

From the 1H and 13C NMR data of 1 (see Tables 1 and
2) it was evident that the molecule was a relatively highly
functionalized sterol similar to gorgost-5-en-3â,11R-diol
(3).7 Its MS data indicated it to have the molecular formula

C32H52O4. Of the seven degrees of unsaturation indicated
by the molecular formula only two were present as multiple
bonds (1 × CdC and 1 × CdO); the molecule was therefore
pentacyclic. As “regular” sterols are normally tetracyclic,
a fifth ring had to be accounted for, in this case a
cyclopropyl group between C-22 and C-23 characteristic of
gorgosterols. Other functionalities deduced to be within the
molecule were two secondary hydroxyl groups and a
secondary acetoxyl group. Interpretation of the HMBC
spectrum of 1 (see Supporting Information) confirmed the
position of the cyclopropyl group, showed the acetoxyl group
to reside at C-12, and supported the deduction that 1 was
a gorgosterol derivative. Still requiring resolution were the
locations of the two hydroxyl groups and carbon-carbon
double bond, as well as the molecule’s relative stereochem-
istry. From 13C NMR data comparisons made between 1
and 3 and from interpretation of all of the NMR data of 1,
it was evident that one of the OH groups must be at C-3
and the double bond must be between C-5 and C-6.7,8 As
H-6 coupled with H-7, which resonated at δ 3.91, it was
clear that the remaining OH function must reside at C-7.
Further 13C NMR data comparisons between 1 and 3 (see
Table 2), for C-17 and the side chain part of 1, clearly
showed the two molecules to have the same relative
stereochemistries in these regions. The chemical shift and
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1H-1H coupling pattern associated with the resonance of
H-3 were typical for this proton having an axial and R
orientation.7-9 The shielded and deshielded nature of the
13C NMR resonances associated with C-5, C-9, and C-14

were all consistent with the 7-OH group having an axial
orientation and the four rings all being trans-fused.9,10 The
latter deduction was also supported by the width and
coupling patterns of the 1H NMR resonances associated
with H-8, H-9, and H-14 (see Supporting Information). The
1H-1H coupling pattern associated with H-12 showed it
to have an axial and R orientation and therefore completed
the structure and relative stereochemistry of 1.

The spectroscopic data recorded for 2 were almost
identical to those for 1; however, 2 was 16 amu (e.g., an
oxygen atom) heavier than 1. Inspection of the 1H and 13C
NMR data for both compounds showed the resonances
associated with the C-19 methyl group in 1 to be absent in
2 and in its place the resonances for a CH2OH moiety were
noted. NOE difference measurements showed an interac-
tion between H2-19 and H-4ax, indicating both to be axial
and â. On the basis of the similarity between the two sets
of 1H and 13C NMR data, it was concluded that the two
molecules had identical relative configurations at all
remaining centers.

The molecular formula of 4 (C30H50O4) showed it to be
C2H2 less than 1, and C2H2O less than 2. The 1H NMR data
of 4 lacked resonances attributable to the cyclopropyl group
as well as the C-29 methyl group found in 1 and 2. Also
absent in the 1H NMR data of 4 were the signals found in
the NMR data of 2 associated with the C-10 CH2OH and
the C-7 CHOH groups. Instead, 1H and 13C NMR reso-
nances for a C-19 methyl group, a C-7 methylene, and a
C-22 CHOH group were present. 13C NMR data compari-
sons made between the data sets of 4 and 1 and 2 enabled
the relative configuration around the four rings within 4
to be deduced as being the same as those shown for 1 and

Table 1. 1H NMR Spectral Data for Compounds 1, 2, and 4-6 (δ in ppm, J in Hz)a

proton 1a 2b 4c 5b 6c

1 1.79 m, 1.12 m 1.93 m 1.41 m 1.93 m 1.63 m
2 1.82 m, 1.48 m 1.83 m, 1.35 m 1.81 m, 1.95 m 1.84 m 1.83 m
3 3.55 m 3.63 m 3.49 m 3.51 m 3.52 m
4 2.32 ddd (J ) 1.5, 4.9,

12.2)
2.44 ddd (J ) 1.5, 5.6,

11.4)
2.28 ddd (J ) 1.5, 5.6,

11.2)
2.28 m 2.29 m

2.23 ddd (J ) 11.3, 12.2) 2.26 brdd (J ) 11.4,
11.6)

2.20 ddd (J ) 11.2,
11.6)

6 5.59 dd (J ) 1.5, 5.3) 5.95 dd (J ) 1.5, 5.4) 5.34 brs 5.23 brs 5.27 brs
7 3.85 brs 3.91 dd (J ) 1.9, 3.5) 1.92 m, 1.54 m 2.16 m, 1.55 m 2.17 m, 1.46 m
8 1.39 m 1.89 m 1.25 m 1.87 m 1.86 m
9 1.41 m 1.44 m 1.08 m 1.12 m 1.20 m
11 1.87 m, 1.40 m 1.90 m, 1.66 m 1.77 m, 1.07 m 4.26 dd (J ) 3.2, 3.2) 5.53 dd (J ) 3.3, 3.3)
12 4.63 dd (J ) 4.5, 9.8) 4.61 dd (J ) 4.6, 11.1) 4.66 dd (J ) 4.6, 10.7) 4.64 d (J ) 3.2) 3.52 d (J ) 3.3)
14 1.56 m 1.55 m 1.10 m 1.10 m 1.01 m
15 1.79 m, 1.24 m 1.76 m, 1.24 m 1.65 m, 1.20 m 1.55 m, 1.01 m 1.55 m, 1.02 m
16 1.94 m, 1.56 m 1.56 m 1.80 m, 1.40 m 3.81 m 3.80 ddd (J ) 1.3, 3.6,

9.7)
17 1.53 m 1.43 m 1.52 m 1.54 m 1.50 m
18 0.80 s 0.86 s 0.80 s 1.01 s 0.86 s
19 0.97 s 3.90 d (J ) 11.1) 1.00 s 1.26 s 0.97 s

3.60 d (J ) 11.1)
20 1.15 m 1.16 m 1.52 m 1.45 m 1.59 m
21 0.93 d (J ) 6.8) 0.95 d (J ) 6.8) 0.86 d (J ) 6.6) 0.87 d (J ) 6.8) 0.98 d
22 0.24 ddd (J ) 5.1, 5.4, 8.7) 0.23 ddd (J ) 5.2, 5.4,

8.7)
1.53 m, 0.98 m 1.72 m 1.71 m

23 3.81 dd (J ) 2.5, 9.2) 1.93 m, 1.19 m 1.84 m, 1.15 m
24 0.23 m 0.23 m 1.54 m 1.48 m 1.48 m
25 1.55 m 1.55 m 1.48 m 1.55 m 1.55 m
26 0.84 d (J ) 6.8) 0.84 d (J ) 6.8) 0.82 d (J ) 6.6) 0.81 d (J ) 6.8) 0.81 d (J ) 6.6)
27 0.93 d (J ) 6.8) 0.93 d (J ) 6.8) 0.85 d (J ) 6.6) 0.86 d (J ) 6.8) 0.85 d (J ) 6.6)
28 0.92 d (J ) 6.8) 0.91 d (J ) 7.2) 0.80 d (J ) 6.6) 0.82 d (J ) 6.8) 0.81 d (J ) 6.6)
29 0.45 dd (J ) 4.5, 8.7) 0.45 dd (J ) 4.3, 8.7)

-0.13 dd (J ) 4.5, 5.1) -0.13 dd (J ) 4.3, 5.4)
30 0.89 s 0.90 s
32 2.01 s 2.02 s 2.01 s 2.12 s 2.10 s
a All assignments are based on 1D and 2D NMR measurements including COSY, HMQC, and HMBC. b Recorded in CDCl3 at 300

MHz. c Recorded in CDCl3 at 400 MHz.
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2. While it is likely that the relative configurations at C-20,
C-22, and C-24 are identical to those found in 1 and 2, no
conclusive stereochemical deductions could be made even
after extensive NMR data comparisons with molecules such
as ergosterol.10

The spectroscopic data of 5, in particular the HMBC
couplings observed between H3-18 and C-12 and between
H-12 and C-31, and the COSY couplings seen between H-12
and H-11 and between H-11 and H-9, showed it to be the
11,16-dihydroxy derivative of 4. From the NMR data of 5
it was not possible to draw any firm conclusions about the
configurations at C-20 and C-24 except that they were the
same as those found in 4; however, it was evident from
the 1H-1H coupling constants between H-9 and H-11 (3.2
Hz), and H-11 and H-12 (3.2 Hz), that H-11 must be
equatorial and R with H-12 axial and R.

The MS data of 5 and 6 were essentially identical.
Inspection of NMR spectroscopic data for 6, in particular
the HMBC coupling observed between H3-18 and C-12,
showed that the 11-OH and 12-OAc groups found in 5 had
exchanged places. In all other respects the two molecules
were essentially identical. On standing in the NMR solvent
(CDCl3) for more than a day 5 partially rearranged to 6.

Bioassays

The isolated compounds were tested in several assays
for their biological activity. Antimicrobial activity was
assessed against Escherichia coli, Bacillus megaterium
(bacteria), Eurotium repens, Fusarium oxysporum, My-
cotypha microspora, and Microbotryum violaceum (fungi),
and algicidal activity against Chlorella fusca. Inhibition
of reverse transcriptase of the human immunodeficiency
virus type 1 (HIV-1-RT), tyrosine kinase p56lck (TK),
nematicidal (Caenorrhabditis elegans), antiplasmodial (Plas-

modium falciparum), and antitrypanosomal (Trypanosoma
brucei rhodesiense, T. cruzi) activities, cytotoxic properties
(selected cancer cell lines), and lethalities (brine shrimp
assay) were also assessed.

All compounds were found to inhibit the growth of the
fungus M. violacea at concentrations between 10 and 20
µg: compound 1 producing a 1 mm zone of inhibition
around a filter disk at a concentration of 20 µg, 2 a 2 mm
inhibition zone at 10 µg, 4 a 3 mm zone at 10 µg, 5 a 1 mm
zone at 25 µg, and 6 a 3 mm zone at 10 µg. The growth of
the fungus E. repens was inhibited by 1 (2 mm inhibi-
tion zone at 20 µg) and 6 (2 mm zone at 10 µg). Com-
pounds 4 and 6 also weakly inhibited the enzyme tyrosine
kinase p56lck to 42% and 47%, respectively, at the 200 µg/
mL level.

Experimental Section

General Experimental Procedures. These were per-
formed as previously reported.11

Animal Material. Animal material was obtained in May
1983, from Old Reef, the Great Barrier Reef, Queensland,
Australia. Animals growing at 4-7 m depth were collected,
deep frozen, and on return to the laboratory, freeze-dried. A
voucher specimen of Capnella lacertiliensis12 (family Neph-
theidae) is stored at the Museum and Art Gallery of the
Northern Territory, Darwin, Australia (voucher number NTM
C13069).

Extraction and Isolation. Soft coral tissue (45 g) was
exhaustively extracted with CH2Cl2 (2 L) and MeOH (2 L) to
yield 2.1 g (4.7%) of a CH2Cl2-soluble material. Vacuum-
liquid chromatography (VLC) of the crude extract over Si
gel, using petroleum ether with increasing proportions of
(CH3)2CO as eluent, followed by MeOH, afforded 20 frac-
tions each of 80 mL volume. TLC and 1H NMR examination
of these fractions indicated VLC fractions 8 and 12 to be of
further interest. VLC separation (Si gel, CH2Cl2/(CH3)2CO,

Table 2. 13C NMR Spectral Data for Compounds 1, 2, Gorgost-5-en-3â,11R-diol (3),7 and 4-6a

carbon 1b 2b 3c 4c 5b 6c

1 36.9 CH2 33.5 CH2 31.1 CH2 31.4 CH2 26.3 CH2 26.8 CH2
2 31.2 CH2 31.5 CH2 32.0 CH2 31.5 CH2 31.4 CH2 31.3 CH2
3 71.2 CH 71.1 CH 71.0 CH 71.6 CH 71.3 CH 71.1 CH
4 41.8 CH2 41.9 CH2 43.3 CH2 42.1 CH2 41.3 CH2 41.3 CH2
5 146.0 C 141.3 C 139.2 C 140.6 C 141.5 C 140.6 C
6 123.9 CH 128.6 CH 121.2 CH 121.5 CH 120.4 CH 121.0 CH
7 64.9 CH 64.7 CH 27.0 CH2 26.2 CH2 31.7 CH2 31.4 CH2
8 36.5 CH 37.9 CH 35.2 CH2 31.0 CH 27.2 CH 27.4 CH
9 41.5 CH 41.6 CH 57.6 CH 54.9 CH 53.2 CH 52.2 CH
10 37.5 C 42.2 C 43.0 C 36.6 C 36.9 C 36.2 C
11 27.0 CH2 27.5 CH2 69.3 CH 37.2 CH2 70.4 CH 73.4 CH
12 80.8 CH 80.8 CH 46.9 CH2 81.1 CH 82.7 CH 80.0 CH
13 46.1 C 46.4 C 42.8 C 46.2 C 45.9 C 47.2 C
14 57.4 CH 57.4 CH 49.4 CH 49.0 CH 57.2 CH 57.3 CH
15 23.6 CH2 23.4 CH2 24.1 CH2 23.7 CH2 41.1 CH2 41.0 CH2
16 27.9 CH2 27.9 CH2 28.3 CH2 27.6 CH2 70.7 CH 72.4 CH
17 48.3 CH 49.4 CH 50.8 CH 55.1 CH 55.1 CH 56.7 CH
18 9.0 CH3 9.2 CH3 12.1 CH3 8.5 CH3 10.7 CH3 10.2 CH3
19 18.1 CH3 63.1 CH2 22.1 CH3 19.3 CH3 22.6 CH3 21.9 CH3
20 33.6 CH 33.6 CH 34.5 CH 39.0 CH 39.6 CH 39.7 CH
21 22.2 CH3 22.2 CH3 21.1 CH3 13.6 CH3 13.5 CH3 12.1 CH3
22 30.6 CH 30.6 CH 27.8 CH 41.1 CH2 23.6 CH2 23.3 CH2
23 25.3 C 25.3 C 25.8 C 70.8 CH 36.5 CH2 37.1 CH2
24 50.6 CH 50.7 CH 49.5 CH 32.7 CH 35.0 CH 35.0 CH
25 32.2 CH 32.2 CH 31.5 CH 35.0 CH 32.7 CH 32.7 CH
26 21.5 CH3 21.5 CH3 21.4 CH3 15.2 CH3 18.0 CH3 17.9 CH3
27 22.2 CH3 22.2 CH3 21.9 CH3 20.1 CH3 20.1 CH3 20.1 CH3
28 15.4 CH3 15.4 CH3 15.4 CH3 18.0 CH3 15.2 CH3 15.1 CH3
29 21.5 CH2 21.5 CH2 21.2 CH2
30 13.8 CH3 13.8 CH3 14.3 CH3
31 170. 7 C 170.8 C 170.5 C 170.0 C 174.5 C
32 21.8 CH3 21.8 CH3 21.7 CH3 21.7 CH3 21.8 CH3

a All assignments are based on extensive 1D and 2D NMR measurements including DEPT, COSY, and HMQC. b Recorded in CDCl3 at
75.5 MHz. c Recorded in CDCl3 at 100 MHz.
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4:1) of original VLC fraction 8 yielded another 11 fractions
(8.1-8.11), each of 60 mL volume. HPLC separation (nor-
mal-phase silica [LiChrosorb Si60, 5 µm, 250 × 8 mm,
NP-Si], CH2Cl2/(CH3)2CO, 4:1) of combined fractions 8.3 and
8.4 yielded compound 4 (3.0 mg, 0.007%). HPLC separation
(reversed-phase C-18 silica [Spherisorb S ODS2 5 µm, 250 ×
8 mm, RP-Si], MeOH/H2O, 9:1) of combined fractions 8.3 and
8.4 yielded compound 5 (4.0 mg, 0.009%). HPLC separation
(RP-Si, MeOH/H2O, 95:5) of combined fractions 8.7 and 8.8
yielded compound 6 (3.6 mg, 0.008%). HPLC separation
(RP-Si, MeOH/H2O, 4:1) of fraction 8.11 yielded compound 2
(8.6 mg, 0.02%). VLC separation (Si gel, CH2Cl2/(CH3)2CO/
MeOH, 85:10:5) of original VLC fraction 12 yielded another
11 fractions (12.1-12.11), each of 60 mL volume. HPLC
separation (RP-Si, MeOH/H2O, 4:1) of fraction 12.6 yielded
compound 1 (30.1 mg, 0.07%).

12â-Acetoxy-7r-hydroxygorgosterol (1): clear oil;
[R]D

22 -64.0° (c 0.01, CHCl3); IR νmax (film) 3367, 2935, 1730,
1715 1246, 1024 cm-1; 1H and 13C NMR data, see Tables 1
and 2; EIMS m/z [M]+ 500 (1), 484 (3), 483 (24), 482 (60), 456
(70), 440 (100), 422 (83), 328 (70), 310 (74), 269 (80), 152 (80);
HREIMS m/z 482.3745 (calcd for [M - H2O]+, C32H50O3,
482.3747).

12â-Acetoxy-7r,19-dihydroxygorgosterol (2): clear oil;
[R]D

22 -98.0° (c 0.01, CHCl3); IR νmax (film) 3394, 2927, 1734,
1716, 1244, 1027 cm-1; 1H and 13C NMR data, see Tables 1
and 2; CIMS (NH3) m/z [M]+ 516; EIMS m/z [M]+ 516 (1), 498
(10), 480 (50), 420 (50), 390 (50), 237 (100), 195 (90); HREIMS
m/z 480.3591 (calcd for [M - 2H2O]+, C32H48O3, 480.3591).

12â-Acetoxyergost-5-ene-3â,23-diol (4): clear oil; [R]D
22

-50.0° (c 0.01, CHCl3); IR νmax (film) 3406, 2929, 1734, 1715,
1244, 1022 cm-1; 1H and 13C NMR data, see Tables 1 and 2;
CIMS (NH3) m/z [M + NH4]+ 492; EIMS m/z [M]+ 474 (<1),
457 (1), 397 (4), 300 (100) 282 (30), 267 (30), 145 (30); HREIMS
m/z 474.3697 (calcd for C30H50O4, 474.3696).

12â-Acetoxyergost-5-ene-3â,11â,16-triol (5): clear oil;
[R]D

22 -49.0° (c 0.01, CHCl3); IR νmax (film) 3459, 2927, 1734,
1719, 1458, 1262, 1027 cm-1; 1H and 13C NMR data, see Tables
1 and 2; EIMS m/z [M]+ 490 (3), 430 (84), 400 (60), 346 (50),
328 (60), 298 (60), 145 (86); HREIMS m/z 430.3434 (calcd for
[M - HOAc]+, C28H46O3, 430.3435).

11â-Acetoxyergost-5-ene-3â,12â, 16-triol (6): clear oil;
[R]D

22 -50.0° (c 0.01, CHCl3); IR νmax (film) 3417, 2930, 1722,
1716, 1462, 1258, 1028 cm-1; 1H and 13C NMR data, see Tables
1 and 2; CIMS (NH3) m/z [M + NH4]+ 508 (30), [M + H]+ 391
(26), [M]+ 390 (24), 431 (36), 413 (100); EIMS m/z [M - HOAc]+

430 (<1), 412 (<1), 298 (50), 207 (50), 145 (100).

Biological Tests. The antimicrobial, tyrosine kinase (TK)
inhibition, reverse transcriptase (RT) inhibition, antimalarial,
antitrypanosomal, cytotoxic, antitubercular, brine shrimp, and
nematicidal assays were carried out as previously described.13
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