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Two steroids, haliclostanone sulfate (1) and halistanol sulfate (3), were isolated from a Haliclona
sp. marine sponge. The structure of the new compound 1 was established based on its
spectroscopic data and the properties of a pentaacetate derivative 2. Compound 1 is unique
in that it possesses the rare cis C/D ring junction precedented only in marine sterols,
contignasterol (4) and xestobergsterols A (5), B (6), and C (7).

For the past 20 years marine organisms have become
increasingly recognized as an important source of sterol
metabolites.»2 In fact, some believe that sponges may
provide the richest source of sterol diversity in the entire
animal kingdom.® Recently, we reported on the isola-
tion of halistanol sulfate (3) from two different Hali-
chondrid sponges in the genus Topsentia.* During the
course of chemically examining a Haliclona sp. (order
Haplosclerida) collected in Malaysian waters, we again
encountered 3 accompanied by what appeared to be a
new steroid. The genus Haliclona has a history of pro-
viding diverse structures including polycyclic amines,®
sequiterpenoid quinols,® glycosphingolipids,” resorci-
nols,® and a tetrahydropyranone.® Its sponges are
also a source of at least eight new sterol metabolites,
as shown by previous chemical studies of H. permolis
(C27—Cy9 unsaturated),3@ H. oculata (highly oxygenated
C,7—Cyg analogues),’ H. chilensis (keto sterols),!* H.
flavescens (Cog A™9-unsaturated),? and H. rubens (preg-
nanes).’® In this report we describe the structural fea-
tures of the new sterol, haliclostanone sulfate (1) and
also offer comments on its novel features.

The initial processing of the Haliclona sp. (coll. no.
92228) was conducted according to procedures described
previously.’* The aqueous MeOH partition fraction (80
mg) was selected for further fractionation based on the
presence of several resonances of atoms attached to
heteroatoms in both 'H- and 3C-NMR spectra. Sub-
jecting this crude extract to Si gel flash chromatography
[CHCI3—MeOH—-H,0 (7:3:1), lower phase] yielded 11
fractions. The sixth fraction contained pure 1 (6.8 mg),
and the tenth fraction contained pure 3 (13 mg).

Halistanol sulfate (3) was quickly recognized by its
spectroscopic properties, which were consistent with
those previously reported.#1%16 |t must be noted that
3 as well as its analogues have been previously isolated
only from sponges belonging to the orders Halichondrida
or Axinellidal” (genera Halichondria,'> Epipolasis,!®
Topsentia,* Pseudoaxinissa,® Trachyopsis,'® and Cym-
bastelal®). Our isolation of 3 constitutes the first case
of this compound to be obtained from a Haplosclerid
sponge. Because characterization and related bioactiv-
ity data of 3 have already been extensively ex-
plored,*1516.18 it will not be discussed further in this
report.
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The structure characterization of 1 began with the
negative ion HRFABMS spectrum in which a [M]~ of
575.2889 (A —0.6 mmu of calcd) was dominant. This
m/z peak established the molecular formula as CpgHa7-
SOy for the anionic form of 1. Further analysis of the
oxygen functionality of 1 proceeded with the 13C-APT-
NMR data, which gave a count (Table 1) of CygHao.
Comparison to the MS formula indicated that five OH
groups were present, which was also supported by 13C-
and 'H-NMR signals at 6 76.5/6 3.71, 6 75.1/6 4.44, 6
71.6/0 3.97, 0 71.5/6 4.00, 6 71.1/6 4.22, while the 3C ¢
223 (s) meant that a non-six-membered ring ketone
could be specified. Another oxygen residue was evident
from the NMR signals at 6 78.1/6 4.56, and a sulfate
anion group was envisioned to account for this CH-O
attached to the remaining three oxygens. The ketone
noted above plus four additional rings accounted for the
unsaturation equivalence of five. Furthermore, the
carbon count, the ring count, and the coelution of 1 with
the known steroid 3 suggested it was also steroidal in
nature. In further support of this supposition was that
the 'H-NMR spectrum contained two methyl singlets
(6 1.16 and 1.02) and four methyl doublets (6 0.94, 0.89,
0.86, and 0.81). An HMQC? experiment allowed all
resonances to be assigned (Table 1), which then enabled
five substructures to be drawn. Three partial struc-
tures, a—c, were rapidly constructed through interpre-
tation of the ITH—'H COSY NMR data (Table 1), while
the HMBC?! correlations (Table 1) led to fragments d
and e. The remaining carbonyl fragment f, completed
our analysis of all NMR resonances.
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Table 1. NMR Data for 1 at 62.5 MHz (*3C) and 500 MHz (*H) in CD3;0D
carbon proton
atom # dc, mult atom # On (mult, J in Hz) COSY (*H-1H) HMBC (C—H)
1 37.7t la 1.42 (dd, 14.5, 3.5) 18,2 3,19
18 2.03 (dd, 14.5, 2.0) la, 2
2 78.1d 2 4.56 (g, 3.5) la, 18,3 18,3
3 71.6d 3 3.97 (t, 3.0) 2,4 18
4 71.1d 4 4.22 (dd, 11.0, 3.0) 3,5 2,5
5 45.0d 5a 1.67 (t, 11.0) 4,6 18, 3,6, 19
6 76.5d 6 3.71 (dd, 11.0, 8.5) 57 57
7 75.1d 7 4.44 (dd, 11.0, 8.5) 6,8 6,8
8 40.0d 8a 1.68 (t, 11.0) 7,9, 14 7,14
9 47.9d 9 1.05 (m) 8, 118 1a, 5, 128, 14, 19
10 38.8s la, 15, 2, 8,19
11 222t 11aP 1.49 (m) 118 12a.
118¢ 1.28 (m) 9, 11a
12 379t 12a° 1.27 (m) 123 14,17, 18
128 1.39 (m) 12a, 14
13 42.7s 124, 14, 16, 17, 18
14 52.6d 14 2.70 (br s) 8, 124 7,8,128,18
15 223.0s 14, 16a, 164, 17
16 395t 160 2.31 (dd, 19.5, 10.5) 168, 17
168 2.81 (dt, 19.5, 2.0) 160
17 49.1d 17 1.76 (ddd, 10.5, 4.5, 2.5) 16a, 20 16a, 16, 18, 20, 21
18 19.1q 18 1.16 (s) 12a
19 16.6 q 19 1.02 (s) la, 18,5
20 37.3d 20 1.94 (m) 17,21 16a, 164, 21
21 13.1q 21 0.94 (d, 7.0) 20 20, 22
22 715d 22 4.00 (m) 23,23 17, 21, 23, 23'
23 423t 23b 1.50 (m) 22,23 28
23¢ 1.30 (m) 22,23
24 35.9d 24b 1.47 (m) 28 22,23, 23, 26, 27, 28
25 32.2d 25 1.65 (m) 26, 27 23, 23', 26, 27, 28
26 17.4q 26 0.81 (d, 6.5) 25 27
27 20.4q 27 0.89 (d, 7.0) 25 26
28 16.3q 28 0.86 (d, 6.5) 24 23, 23'

abe These 'H-NMR shifts are overlapping.

The entire gross structure of 1 was elucidated as
follows. HMBC correlations from 6 37.7 (C1), 6 45.0
(C5), and 6 47.9 (C9) to 6 1.02 (H319) allowed connection
of fragments a and d, through two six-membered rings
as shown. Correlations from 6 49.1 (C17) to 6 1.16 (Hs-
18) further confirmed that C13 was connected to C17.
Correlations from 6 52.6 (C14) to 6 1.16 (H318) and ¢
47.9 (C9) to 6 1.39 (H12p) allowed fragments a and e to
be joined in another six-membered ring. The correla-
tions from 6 223.0 (C15) to 6 2.70 (H14) and 6 1.76 (H17)
justified adding fragments b and f to a, forming the final
five-membered ring. Lastly, correlations from ¢ 35.9
(C24) to 6 0.89 (H327) and ¢ 0.81 (H326) allowed the
remaining isopropyl fragment c to be attached to the
end of subunit b.

The regiochemistry of the sulfate moiety assumed to
be associated with the 13C and 'H resonances at ¢ 78.1
(C2) and 6 4.56 (H2), respectively, was addressed next.
This involved preparing the pentaacetate 2 by reaction
of 1 with Ac,0 in pyridine and a catalytic amount of
DMAP. The H-NMR spectrum of 2 displayed five
acetate methyls (6 2.10, 2.02, 1.93, 1.89, and 1.86), and

a molecular formula of C3sHs57S0;5 was established for
the anionic form by a negative HRFABMS molecular
ion [M]~ of 785.3418 (A 0.5 mmu of calcd). Additionally,
in the 'H-NMR spectrum of 1 vs. 2 the five oxymethine
protons H3, H4, H6, H7, and H22 each moved downfield,
while the H2 oxymethine proton remained nearly
unchanged. Thus, the sulfate was unequivocally as-
signed to position 2.

The relative stereochemistry features in 1 were set
by employing a combination of IH-NMR J values, 13C
chemical shifts, and NOE difference data. Character-
istic J values (Table 1) indicated that H2 and H3 were
equatorial and that H4, H5, H6, H7, and H8 were all
axial. Although the coupling pattern for H9 in 1 could
not be unambiguously interpreted, its axial orientation
was established by the J values for H9in2 (6 1.14,J =
3, 12 Hz). The relative upfield 13C shifts of the ring
methyls Mel8 (6 19.1) and Me19 (6 16.6) were diagnos-
tic of both groups as axial. Furthermore, these shifts
were nearly identical to those of the corresponding axial
methyls in contignasterol (4): Mel8 (6 19.3) and Mel19
(0 14.5),22 which indicated that the tetracyclic ring
fusion stereochemistry of 1 was identical to that deduced
for 4. Further support that the six- and five-membered
rings of 1 were cis-fused and that various substituents
in this part of the molecule were syn to one another was
provided by irradiation of the CHj3 signal at 6 1.16
(Me18), which induced NOEs at H8, H14, H20, and H22.
Likewise, NOEs induced from Me21 to H160. and to H17
and from H20 to H14, along with biogenetic consider-
ations, justified the relative stereochemistry assigned
at C20. Although it is tempting to assign the stereo-
chemistry at C22 based on comparison of the 13C-Me21-
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NMR shifts between 1 and sterol 8 isolated from the
wood of Abies pinsapo plus that of other sterol models,
this is too risky because the limiting values of the
models are too close,?® and the stereochemistries at C22
and C24 are thus unassigned.

Compound 1 is the fifth member of a rare class of
naturally occurring sterols sharing a cis C/D ring
junction, 144 proton, and a C15 ketone. To the best of
our knowledge, sponge metabolites contignasterol (4),
isolated from a Petrosia contignata specimen;?? xesto-
bergsterol A (5) and B (6) from Xestospongia berquis-
tia;?* and xestobergsterol A (5), B (6), and C (7) from
an Ircinia sp.,?® represent the only other natural sterols
containing these three features. Equilibration studies

2Ny H
H : 5R,=R,=H
6 R1=R2=OH
7 R1=OH, RZZH

OH

conducted on semisynthetic 15-keto steroids concluded
that 143 steroids are more stable than their 14a
epimers.26 This may in part account for why the five
natural 15-keto sterols isolated to date have conserved
this feature. Another interesting feature of 1 is the
unusual substitution present in the side chain attached
at C17. Sterol 8, from the wood Abies pinsapo,232
constitutes the single literature example of a sterol
bearing this exact side chain. The most obvious bio-
synthetic precursor to this oxygenated side chain is
represented by substructure g, which is found in such
steroids as brassicasterol or epibrassicasterol,?” halistanol
sulfate A, and stoloniferone B.286 The unusual struc-
tural features of haliclostanone sulfate allow it to join
the list of novel steroids continuing to emerge from
sponges which are both highly oxygenated and carry
modified side chains.29:30.31
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Experimental Section

General Experimental Procedures. NMR spectra
were recorded at 500 MHz (*H) on a Varian Unity
Plus NMR spectrometer and at 62.5 MHz (*3C) and 250
MHz (*H) on a Bruker AC-250 NMR spectrometer in
CD3OD. Carbon multiplicities were determined using
DEPT-135 data. Atom connectivities were determined
using HMQC, HMBC, and COSY data. LRFABMS and
HRFABMS were measured on VG ZAB-SE and VG 70-
SE-4F mass spectrometers, respectively. Optical rota-
tions were determined on a JASCO DIP-370 digital
polarimeter in MeOH. IR spectra were measured on a
Varian 1600 series FTIR spectrometer. Flash chroma-
tography was carried out on Si gel (200—400 mesh)
obtained from Aldrich. Preparatory HPLC was per-
formed using an Econosil C-18 10-um column (250 x
10 mm) with RI detection.

Animal Materials. The sponge Haliclona sp. (coll.
no. 92228) was collected from Tioman Is., Malaysia, and
was identified as an undescribed species of the genus
Haliclona (family Chalinidae; order Haplosclerida)3? by
Dr. M. C. Diaz (UCSC). The sponge was massive—amor-
phous to subglobular in shape, up to 6 cm in thickness,
with a smooth but irregular surface, riddled with oscules
2—-3 mm wide. The sponge was compressible and
crumbly in consistency, and its color was reddish brown
externally and tan internally. The skeleton consists of
an isotropic unispicular to multispicular (2—3 spicules
in cross section) reticulation, made up of small hastate
oxeas (140—160 x 6—8 um in length and width) and
very small, thin oxeas (< 100 x 1 um in size). A
voucher, as well as an underwater photograph, are in
the UCSC sponge collection archives and are available
from P. C.

Extraction and Isolation. The sponge (0.26 kg, dry
wt) was processed according to our standard proce-
dures.’* The aqueous MeOH partition fraction afforded
a crude extract (80 mg) that was flash chromatographed
on Si gel [CHCI3—MeOH—-H,0 (7:3:1) lower phase]
yielding sterols 1 (6.8 mg) and 3 (13 mg).

Haliclostanone sulfate (1): amorphous yellow solid;
[o]o +15.6° (c 0.18, MeOH); IR (neat) v 3377, 2919, 1731,
1595, 1249, 1055, 961 cm™1; negative-ion HRFABMS
m/z [M]~ 575.2889 (C3H47S010, A —0.6 mmu of calcd);
13C- and 'H-NMR data are shown in Table 1, and
assignments are based on HMQC, DEPT-135, COSY,
and HMBC data.

Conversion of 1 to 2. Approximately 20 mg of crude
1 was dissolved in dry Ac,O—pyr (1:1). A catalytic
amount of DMAP was added, and the mixture was
stirred overnight at room temperature. Following ro-
toevaporation, 15 mg of crude product was subjected to
reversed-phase HPLC purification in MeOH—H,0 (97:
3). Pure 2 (1.3 mg) eluted with the column wash
(MeOH).

Haliclostanone sulfate pentaacetate (2): amor-
phous amber solid; [a]p +56.9° (c 0.13, MeOH); IR (neat)
v 2954, 1737, 1367, 1237, 1038, 750 cm™!; negative
HRFABMS m/z [M]~ 785.3418 (C3sH57S015, A 0.5 mmu
of caled); 'TH NMR (CD30D, 500 MHz) 6.04 (1H, dd, J
=10, 11 Hz, H7), 5.40 (1H, t, J = 3.5 Hz, H3), 5.38 (1H,
dd, J = 12.5, 3.5 Hz, H4), 5.15 (1H, m, H22), 5.11 (1H,
t, J = 12.5 Hz, H6), 4.47 (1H, g, J = 3.5 Hz, H2), 2.53
(1H, bd, J = 20 Hz, H163), 2.40 (1H, dd, J = 20, 10 Hz,
H160), 2.29 (1H, br s, H14), 2.25 (1H, br d, J = 16 Hz,
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H1p), 2.19 (1H, m, H20), [five acetate methyls, 2.10 (3H,
s), 2.02 (3H, s), 1.93 (3H, s), 1.89 (3H, s), 1.86 (3H, s)],
2.04 (1H, m, H5), 1.98 (1H, m, H8), 1.84 (1H, m, H17),
1.62 (1H, m, H25), 1.57 (1H, t, J = 10 Hz, H23) 1.45
(1H, dd, J = 16, 2 Hz, Hla), 1.32 (1H, m, H23), 1.21
(3H, s, Me18), 1.20 (3H, s, Me19), 1.14 (1H, dt, J = 3,
12 Hz, H9), 1.04 (3H, d, J = 7.0 Hz, Me21), 0.89 (3H, d,
J = 6.0 Hz, Me28), 0.85 (3H, d, J = 6.5 Hz, Me26), 0.83
(3H, d, J = 7.0 Hz, Me27); assignments are based on
interpretation of ITH—'H COSY NMR data and compari-
son to the 'H NMR spectrum of 1.

Halistanol sulfate (3): amorphous amber solid; [o]p
+19.6° (c 0.45, MeOH); 13C NMR (CD30D, 62.5 MHz) §
78.6 (C6), 75.6 (C2, C3),57.5(C17),57.2 (C14), 55.6 (C9),
45.2 (C5, C24), 43.7 (C13), 41.0 (C12), 39.9 (C1), 39.2
(C7), 37.5 (C10, C20), 36.5 (C22), 35.0 (C8), 33.9 (C25),
29.1 (C16, C23), 27.7 (C26, C27, C29), 25.0 (C4, C15),
21.7 (C11), 19.4 (C21), 15.1 (C19), 14.9 (C28), 12.7 (C18);
1H NMR (CDsOD, 250 MHz) 4.73 (1H, br s, H2), 4.70
(1H, br s, H3), 4.13 (1H, dt, J = 10, 4.1 Hz, H6), 0.98
(3H, s, Mel19), 0.89 (3H, d, J = 6.2 Hz, Me21), 0.80 (9H,
s, Me26, Me27, Me29), 0.77 (3H, d, 7.0 Hz, Me28), 0.63
(3H, s, Me 18); assignments are based on literature
values.15.16
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