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Ahntract-Polar extracts of the ophiuroid Ophi&mw lon&audum contain unusual sterol sulfates together 
with a mixture of common 3/3-hydmxysterof sulfates. The more polar compound has been shown to be S/I- 
cholestane-3a,4qll~,l2~,2l-pentol331disuifate 1. A second group of unusuaf compounds are disuffated 
3a.21dihydroxysteroids. After solvolysis to remove the sulfate groups they have been identitied as : (2bR)-5a- 
cholestane-3a,2ldiol4 (2OoR~holest-5-ene-3s2ldiol Sa, (2O~2@choleat-5,22dien~3a,2ldiol6a and 
(20R~26mclhylcholcst-5,~~~~~l~oi 73 
shown the presence of common 3/%hydroxy sterols. 

Analysis of the “non-sulfated” sterol fractions has 

The ecbinodetms can be divided into five classes: 
Crinoidea (sea lilies), Holothuroidea (sea cucumbers), 
Echiaoidea (sea urchins), Ophiuroidea (brittle stars) 
and Asteroidea (starltshes). The study of natural 
products from sea cucumbers and starfishes has 
received in the last few years considerable attention 
especially because their content of toxic saponins.’ Sea 
urchins too have attracted the attention of chemists 
especially because of their brilliant coloration.* On the 
contrary sea lilies and brittle stars have received 
moderate attention as compared to the three above 
classes. Only sporadic papers on their sterols content 
have appeared in literature.’ Sea lilies, brittle stars and 
sea urchins contain As-sterols while sea cucumbers and 
star&&a contain a predominance of A’-sterols. This 
division of echinoderms according to the sterol type is 
supported by distribution of the saponins, which are 
apparently absent from sea lilies, brittle stars and sea 
urchins. 

0CH2 (Table 1). A total of 27’carbon resonances were 
observed. Taken together these data indicated a 
disulfated pentahydroxycholestane structure with 
one of the five methyl groups typical of a sterol oxidized 
to hydroxymethylene. The ‘H-NMR confinned the 

Table 1. ‘3C-NMR data for 1,2,4 and 4a’ 

C lb Zb 4 4a’ 

As a direct consequence of our efforts to isolate 
biologically active compoun’ds from starfishes* we had 
the occasion to examine some ophiuroids and we now 
report on the unusual sulfated steroids from the 
mediterranean Ophiodemta longicaudum. 

The n-butanol-soluble material from a methanol 
extract of brittle star (0.7 kg, wet weight) was 
chromatographed on Sephadex LH-20 to obtain three 
steroidal sulfate fractions. The more polar fraction was 
further purified by reverse phase HPLC to give 12 mg 
of 1; the less polar fraction was further purified by 
droplet countercurrent chromatography (DCCC) and 
contained the common sulfated 3j%hydroxysteroids (cc 
40 mg); the second fraction contained the sulfated 
3a,21dihydroxysteroids (cu 45 mg). 

1 36.0 
2 24.8 (-3.4) 
3 82.3“ ( + 9.3) 
4 75.2 (- 1.4) 
5 48.6 
6 26.4” 
7 27.0” 
8 30.6 
9 45.2 

10 36.4 
11 73.4 
12 81.2” 
13 49.0 
14 57.0 
15 24.8 
16 29.5 
17 53.2 
18 10.5 
19 27.5 
20 39.1 (-3.7) 
21 72.3 (+7.9j 
22 30.1 (-0.9) 

S/3 - Cho!estane - 3a$x,11/?,12j.f,21 - pentol 3,21 - 
&sulfate 1. [a]nlO”, m.p. 192-195”. Negative ion fast 
atom bombardment (FAB) mass spectrum exhibited 
molecular ion species peaks at m/z 649 and 633, 
corresponding to the monopotassium and mono- 
sodium salt of the dianion, respectively. Fragmentation 
peaks at m/z 531 and 513 were interpreted as losses of 
KSOa (+H) and KHS04 from m/z 649 and NaSO, 
( + H) and NaHS04 from m/z 633, respectively. The r3C 
NMR data, especially J-modulated spin echo, showed 1 
to contain four methyl groups, nine methylene, seven 
methine, two quaternary carbons, four OCH and one 

’ 23 23.5 
24 40.7 
25 29.1 
26 23.0 
27 23.1 

34.6 33.2 32.2 
28.2 27.9 29.0 
73.6 76.5 66.6 
76.6 33.9 35.9 
46.8 41.3 39.1 
25.4’ 28.5 28.6 
25.8’ 33.1 32.0 
29.1 34.7 35.5 
44.2 55.9 54.3 
35.1 36.9 36.1 
72.5’ 21.9 20.8 
80.6 40.5 39.5 
47.5 43.6 42.4 
56.3 57.8 56.5 
24.8 25.1 24.1 ( - 0.2) 
28.7 29.6 28.0 ( + 0.3) 
52.1 52.5 50.5 ( + 6.2) 
10.2 12.8 12.4 ( + 0.2) 
26.9 11.8 11.2 
42.8 40.7 42.5 
64.4 69.8 62.8 
31.0 31.1 32.2 
23.8 24.6 24.1 
39.4 40.7 39.5 
28.0 29.1 27.8 
22.6 23.0 22.6 
22.7 23.1 22.7 

‘62.9 MHz; the values ofthe chemical shifts arc in CD,OD 
for 1 and 4 and CDCl, for 2 and 4a. 

b Assignments made by comparison to 5/?-choleatan-3a-ol,’ 
substituent parameter considerations7~9 and chemical shift 
comparison from 1 to 2; in parentheses the sulfation shilk 

‘The shifts at nudear carbons C-l through C-16 and C-18 
and C-19 were very similar with those &~blished for Sa- 
choleatan-3e-01;” in parentheses the deviations of more than 
f 0.1 ppm from the reference compound ; + denotes upfield 
shiftin4aand -downiieldshifta. 

d Distinguished by selective decoupling. 
cl Signals within a column may be reversed. 
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presence of four methyl groups : 6 0.90 (s, 18-H), 0.92 
(6H, d, J = 6.5 Hz, 2& and 27-H) and 1.19 (s, 19-H). 
Although one methyl doublet was absent,aB portion of 
an ABX system at 6 4.07 (dd, J = 9 and 5.5 Hz, the A 
portionoverlaps underacomplex 3H signalat 6ca4.19) 

observed which was ascribable to a 
g&-H&+21) group. Hydroxylation at C-26 or 
C-27 could be ruled out at this stage primarily on the 
basis of the presence in the i3C-NMR spectrum of the 
typical signals for C-26, C-27 at 23.0and 23.1 ppm.’ The 
‘H-NMR spectrum of 1 also contained a doublet at 6 
3.28 (lH, J = 3.5 Hz) and a triplet at 6 3.99 (lH, J = 3.5 
Hz), coupled each to the other as proved by decoupling 
These NMR data lead to a structural element with 
vicinal, secondary OH groups-one adjacent to a C 
bearing one proton and the other to one without a 
proton. There is only one way such a fragment can he 
put into a steroid skeleton, i.e. 11, 12. The downfield 
shift and narrowing of the resonance signal at 6 3.99 are 
consistent for an equatorial proton, while the upfield 
shift of the signal at 6 3.28 is consistent for an axial 
proton. Thus the 11/?,12/3dihydroxy moiety in 1 could 
be established. The remaining two OCH signals 
overlap at 6 cu 4.19 together with the second arm of the 
AB system. Of special note were the chemical shifts of 
the angular Me carbons at 10.5 and 27.0 ppm. The 
lowfield shielding of one of them was strongly 
indicative for the &-A/B ring fusion.6 In addition since 
the relative rigidity of the steroid skeleton is such that 
the C-18 shielding may he expected to be essentially 
unaffected by a change of the A/B ring fusion, the shift of 
10.5 ppm agreed with that we expected for a C-18 
carbon in a structural knwonment such&in lon the 
basis of the substituent effects that have been published 
for hydroxy steroids.’ 

Solvolysis of 1 afforded the pent01 2, m.p. 126128”. 
In the electron impact high resolution mass spectrum 
the ion observed at highest mass (m/z 434.3389) 
corresponded to loss of water from the molecular 
formula Cz7H,,0S (talc for C27H460b 434.3395). An 
intense peak at m/z .287 was interpreted as loss of a 
hydroxylated C, sidechain and two molecules ofwater. 
In the ‘H-NMR of 2 the resonance frequencies of 11-H 
and 12-H remained essentially unshifted at 6 4.08 (t, 
J = 3.0 Hz, 11-H) and 3.32 (d, J = 3.0 Hz, 12-H) relative to 
1, while the re maining hydroxy and hydroxymethylene 
signals moved upfield and overlap at S 3%1(2H, 3- and 

21-H)and3.90(2H,4-and21-H).Treatmentof2withp 
bromobenxoyl chloride in pyridine gave a di(p- 
bromobenzoate3,m/z616-618(M+-&C!6H,C02H), 
which provided for an apparent first-order spectrum in 
the downfield region with four resolved bands. In 
addition to the signals at 6 3.30 (dd, J = 3.0 and 5 I-Ix, 
12-H, transformed in a sharp doublet, J = 3.0 Hz, on 
DzO exchange) and 4.03 (t, J = 3.0 Hz) assigned to 12- 
and 11-H. respectively, the qectrum (CD&) 
contained a narrow signal at S 4.14 (IH), a doublet at 6 
4.50(2H, J = 5.5 I-Ix, 21-H) and a broad doublet at 4.99 
(J = 11 Hz). Irradiation at 6 4.14 simplified the broad 
doublet at 6 4.99 into a sharp donble doublet with J 
= 11.0 and 4.5 Hz, while irradiation of the 6 4.99 signal 
transformed the former into adoubiet (J = 4.5 Hz). This 
experiment lead to a structural element with vicinal 
secondary hydroxy and benzoyloxy groups the former 
adjacent to a C bearing one proton and the other to one 
hearing. two protons. There is only one way such a 
fragment can be put into a steroidal skeleton, i.e. 54. 
The downfield shift and narrowing of the resonance 
signal at 6 4.14 are consistent for an equatorial proton 
(hydroxymethine), while the large coupling constants 
associated with the signal at 6 4.99 are consistent for an 
axial proton (benzoyloxymethine). Thus, assuming the 
S/?-cholestane skeleton for our steroid the 3a,4a- 
dihydroxy moiety in 2 could be established Further 
evidence for the structural assignment with two cis I,2 
(vicinal) diol groups was provided by the formation of a 
his-acetonide from 2. The shift of the 19-methyl-protons 
(S 1.18) is in agreement with the &A/B ring fusion 
(c&s 1.19; for the alternative 5x - cholestane - 
3/?,4/?,11/?,12fl,21 -pentolstructure,calce 19-H : 1.33)a.s 
does the shiR of the 19-Me carbon (26.9 ppm). In 5/I - 
cholestan - 3a - 01 the 19-Me group resonates at 24.3 
ppm. Given this Me resonance as a model and the effect 
of the 1 l/I-OH group (+ 3.2 ppm) (the remaining OH 
groups would be expected to give very small shifts),’ the 
expected chemical shift for the 19-Me carbon should be 
around 27.5 ppm. Otherwise in 5acholestan-38,48- 
did the 19-Me group resonates at 14.7 ppm’ and the 
expected chemical shift for the alternative Sa&oleatan- 
3/3,4/&l 1/?,12/I,21-pent01 structure should be 17.9 (i.e. 
14.7 + 3.2 ppm), which is far off from our value. 

The sulfate groups are assigned to C-3 and C-21 in 1 
by consideration of chemical shift and coupling 
patterns in comparison with ‘H-NMR data for the 

Table 2.250 MHz ‘H-NMR (CD&; shifts are 5 values; J in Hz) of 4a-7a 

4a fia 

3-H 
6-H 

21-H 

2223-H 

28-H 
18-H 
19-H 
26.27-H 

4.06 (m) 4.03 (m) 
- 5.43 (d) 

J = 5.5 
3.70 (broad, s) 3.71 (broad 9) 

- 

0.68 (s) 0.71 (s) 
0.79 (s) 1.02 (s) 
0.88 (6H, d) 0.88 (6H, d) 
J = 7.0 J = 6.5 

6a 

4.03 (m) 
5.43 (d) 
J = 5.5 
3.65-3.85 (broad) 
5.10 (dd) 
J = 16.48.5 
5.53 (dt) 
J = 16.0,7.5 

0.74 (s) 
1.02 (s) 
0.90 &0.89 (d) 
J = 6.5 J = 6.5 

7a 

4.03 (m) 
5.43 (d) 
J = 5.5 
3.72 (broad, s) 

4.75 (Q-%.70 (s) 
0.72 (s) 
1.02 (9) 
1.04 (6H, d) 
J = 7.0 
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deaulfated derivative 2, as did comparison of the “C- 
NMR spectra (Table 1). Assignments ofC signals in the 
spactta of 1 and 2 have~bas made by using S/?- 
cholastrtna-3u-d as w compoun&5 substituent 
effects that have been published for hydroxysteroids’ 
and the additivity relationships that have been 
published for dihydroxysttroids.9 

We would note that shift values for the C in tbe side 
chain of2 were similar with those ofthe same side chain 
observed for the diol4a (Table 1). The major deviation 
was observed for C-21 64.4 in 2 vs 62.7 in 4a and could 
be ascribable to the interaction with 12&OH group in 
2. The shift values for theC in the side chain reported for 
a group of 26-hydroxysteroids” were far off from our 
results, thus giving further support for the location of 
the primary OH group at C-21. 

The configuration 20R (natural conliguratioh) to 1 is 
proposed by analogy with the dials 4a-7a, whose 
stereochemistry at C-20 was suggested by comparison 
of their spectral data with those of synthetic (20R)- and 
(20S)-cholest-%@,2ldiol (see below). 

The sulfated 3a,2ldihydroxysteroids. This mixture 
was fractionated by HPLC to give four main 
compounds, 6,7,S and 4, eluted in that order (Table 3). 
The’H-NMRspectraofallfourcompoundscontained 
signals at 6 3.98 (dd, J = 9.5 and 5.3 Hz) and 4.22 (dd, 
J = 9.5 and 3.8 Hz), reminiscent of those observed in 
the spectrum of the mixture of disulfated 3/3,21- 
dihydroxysteroids from the starfish Euretaster in- 
signis” and assigned to protons at C-21. A narrow 
signal at 6 4.64 (3/3-H) was also observed in all spectra 
Solvolysis of each compound gave the corresponding 
diol and the analysis of the spectral properties was 
pursued on the desulfated materials (‘H-NMR in Table 
2). 

(20R) - 5a - Cholestane - 3a,21 - diol4a. The high 
resolution MS (m/z 404.3653) indicated a molecular 
formula CZ7Hb8’O; correspon&ng to a&, dihydroxy- 
lated steroid. The ‘H-NMR sDednrm contained 
signals for four of the five Me grou& t&al of a stcrol : 
60.69(s, 18-H),0.79(s, 19-H)and0.88(6H,d,J = 7H2, 
26- and 27-H). Although one Me doublet was absent, a 
broad singlet at 6 3.70 was observed, which was 
ascribable’1*1Z to a hydrolated C-21 group. The ‘H- 
NMR alsocontaineda 1H narrowsignal(W,,, = 9 Hz) 
at 6 4.06, typical for an equatorial proton. This 
suggested that the compound might be 3a-OH, 5a- 
stanol or 3fi-OH, S/l-stanol (coprostanol). There was a 
good agreement between the observed values of the 
shifts of the angul& Me groups (0.68 and 0.79) and the 
reported ones (0.68 ; 0.78) for 5a-cholestan-3a-al. 1 3 The 
reported values (0.63 ; 0.93) for coprostanol (S/3- 

cbolestan-3/3-01)‘~ wae far off from our values. The 
1 %X’M R spectrum (Table 1) confirmed that it was 5a- 
cholestane-3&1_diol 4a. The shifts of the nuclear 
carbons were virtually identical with those published 
for 5acholestan-3a-al’ except C-17 which isshifted to 
higher field from its assignment in the reference 
compound (50.5 vs 56.2 ppm), retlecting the presence of 
the C-21 OH group. The .“CNMR spectrum of the 
corresponding sulfated dio14 is described in Table 1 
and confirmed the presence of sulfate at C-3 and C-21. 
The stereochemistry at C-20 is suggested to be 20R 
(natural configuration) by comparison of ‘H-NMR 
spectral data of 4a with those of (20Rh and (20s) - 
cholest - 5 - en - 3&21 - dial.” The (20R)-isomer is 
reported” to exhibit a resonance at 6 3.70 as singlet 
(CI&OH), while the (ZOS)-isomer shows a multiplet 
centered at 6 3.62. Our value of 3.70 ppm (broad singlet) 
suggested that the configuration at C-20 is R in 4a. 

(20R) - Cholest - 5 - en - 3621 - dial 5a. The high 
resolution MS showed a molecular ion at m/z 402.3493 
(C,,H,,O,) and an intense peak at m/z 384 (loss of 
H,O), which suggested the presence of a A5double 
bond. This was confirmed by ‘H-NMR spectrum, 
which contained one olefinic proton signal at 6 5.43 (d, 
J = 5.5 Hz). The spectrum also showed the 3/I-proton 
signal at 6 4.03 (WII1 = 8 Hz) and the 19-Me protons 
signal downfield shifted to 1.02 ppm relative to 4a, as 
expected for the introduction of a A5double bond. The 
signal for the 21-hydroxymethylene protons remained 
almost unshifted at 6 3.71 (broad singlet). 

(20R,22E) - Cholesta - 5,22 - diene - 3u,21 - diol6a. 
High resolution MS showed the molecular ion peak at 
m/z 400.3337 (Cz7H4,0z), corresponding to a CZ7 
dihydroxysteroid with two degrees of unsaturation. 
The base peak in the MS appeared at m/z 27 1 (loss ofthe 
side chain +2H), consistent with the presence of a 
hydroxylated Cs side chain containing one degree of 
unsaturation,” the other unsaturation being in the 
nucleus. The ‘H-NMR spectrum included two well 
separatedolelinicprotonsat6 5.10(dd, J = 16.0and 8.5 
Hz, 22-H) and 5.52 (dt, J = 7.5 and 16.0 Hz, 23-H), 
which indicated a A22-transdouble bond. The 
spectrum also displayed the As-3a-al signals with a 
doublet (J = 5.5 Hz) at 6 5.43 (6-H) and a broad singlet 
at 6 4.03 (W,,, = 9 HZ, 3/I-H). In the Me region two 
singlets at 6 0.74 and 1.02 were in agreement with the 
expected values for C-18 and C-19 angular Me protons. 
The remaining signals in the spectrum were observed at 
S 0.90-0.89 (6H, overlapping doublets, J = 6.5 Hz) and 
3.75 (2H, broad signal) and assigned to isopropyl 
methyl, and 21-hydroxymethylene protons, respect- 

Table 3. Composition of disulfated 3a,2ldihydrcxysteroids of Ophio&na longicayd~ 

Sterol 

Mobility’ 
HPLC 
(min) (%) 

(2OR)-cholestane-3a,21diol4 13.8 31 
(2OR)cholesM-en~3a,2ldiolS 11.8 39 
(22JZ,2UR)-$holcsta-S,22+%ene-3cq2ldiol 6b 10.6 9 
~R)-24-methyt~olesla-5~~~e-3~l-diol7 9.6 21 

‘On a p-Eondapak Cl8 column (7.8 mm x 30 cm) and nWhanol-water 45: 55 as eluent. 
b The stereochemistry at C-20 is probabk. 
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ively. The 20R stereochemistry is tentatively assigned 
by analogy. 

(2OR)-24-MethyZcholesta-5,24(28)-dien-3a,21-diol 
7a. The high resolution MS exhibited a molecular ion 
peak at m/z 414.3496 (CzsH~701) corresponding to a 
C,, dihydroxylated steroid with two degrees of 
unsaturation, and showed loss of the side chain (+ 2H) 
(m/z 271) indicatingls the additional oxygen function 
and one degree of unsaturation in the C, side chain, the 
other unsaturation being in the nucleus The peak at 
m/z 330 (McLafTerty rearrangement) suggested a side 
chain with a 24(28) double bond.r6 The !H-NMR 
spectrum included the expected olefinic protons at 6 

RO'* 

1 R= SOJ-Na+ 

2 R=H 
3 R-p-bromobmoyl 

OR 

m ,..w 
rl, 

4 R-SOINI* 4s R-H 
5 A',R-SO;Nd !!a R-H 

6 A'*~~,R-SO~-N~+ 60 R-H 

7 24-Me. A'""!R-SO,-NI+ 7a R-H 

4.75 and 4.70 and the isopropyl methyl doublet at 6 
1.04. The absence of the absorption of the C-21 Me 
group,togetherwiththeprizenceofa2Hsignalat63.72 
indicated that the compound poeecss a~primary OH 
function at C21. The spactrum displayed-the As-~-o1 
signals with a doublet (J = 5.5 Hz) at 6 5:49+-H) and a 
broad singlet (W,,, = 9 Hz)at 6 4.03 (3/3-H). h the Me 
region two singlets at 6 0.72 and 1.02 are in agreement 
withtheexpectedvaluesforC-18andC19Maprotons. 
Thus the structure of the minor component of the 
mixture is @OR) - 24 - methylcholesta - 5,24(28) - diene - 
3a,21 - diol7a. 

The 3jShydroxysterol sufjiies. The ‘H-NMR 
spectrum of this mixture&arly indicated a mixture of 
sterol sulfates (7-line multiplet at 6 420). Solvolysis of 
this material to remove sulfate group gave a mixture of 
3/I-sterols which was partitioned by HPLC on a Partisil 
ODS-2 column into nine fractions, which were each 
analyzed by EI mass spectrometry and 250 MHz ‘H- 
NMR spectroscopy. All are known sterols and are 
listed in Table 3 together with their relative retention 
times (r.r.t.) in HPLC and their relative percentage. 
Cholesterol was the major constituent of the mixture. 
The assignment of the configuration of the 24Me 
group in the side chain with Azzdouble bond has been 
made by comparing the ‘H-NMR spectra of the two 
epimers13and 14andinparticularthechemicalshiftof 
the C-21 Me protons which occurs at higher field in the 
spectrum of the 24s epimer [13, 6 LOO] than in the 
spectrum of the 24R epimer [14,6 1.03].“*** The 24s 
configuration assigned to 9 is based on the chemical 
shift of the C-21 Me protons (6 1.00) identical with that 
of 13. 

The free 3jLhydroxysterol.v. Tabk 4 lists the nine 
sterols isolated from the ophiuroid Ophiodemu 
longicc#rdun. All are known compounds and their 
identification was achieved with the aid of r.r.t.s in 
HPLC, MS and 250 MHz ‘H-NMR spectroscopy. The 
assignment of the 24R (a) configuration to the minor 
component 12 was based on the accurate analysis of its 
‘H-NMR in the Me doublets region.19 

The composition of the free sterol in Table 4 
corresponds to that reported by Voogtzo apart from 
some minor discrepancies. Compound 9 has been 

Table 4. Composition of 3/3-hydroxysteroids of Ophiodenna longica&um 

Sterol 

(22E~24-norcholcsla-522_dicn-3B-olB 
(22E,24~27-norcholesta-5,22dien-38_ol9 
(22E)&olwa-5,22dien-3/?-ol11 
(22E,24S)-24-methylchoksta-5,22dien-3B_ol13 
(22E,24R~24-methylcholeata-5,22dien-3~-ol 14 
(24~2kthylcholtsta-5,24(28)dien-3B_ol 16b 
(24~2421hylcholesla-S24(28~ien-3B_ol 17b 
Cholest-Scn-3&ollO 
(24R)-24-methylcholest-5-en-3~-ol 12 
24-ethylcholest-5-en-38_ollS 

Mobility’ Free Sulfated 
HPLC sterols sterols 
(r.r.t) (“/.) (“/.) 

0.67 0.6 trace 
0.72 7.5 1.5 
0.74 7.7 4.3 
0.82 26.8 5.4 
0.87 2.9 2.5 
0.92 3.9 1.0 
0.92 1.3 1.1 
1.00 20.3 62.4 
1.08 4.6 5.1 
1.12 18.4 16.7 

‘On a Whatman Partisil M 9 lo/50 ODS2 column on pure methanol as elum< standard 
cholesterol. 

‘Not resolved ; their relative ratios have been determined by integration of the NMR signals for 
H-28, d 5.13 (Z-isomer) and 5.18 (E-isomer). 
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regarded by the author as 22-&chokst-5,22dien-3/?- 
01. This is misleading common in the past, when 
oazlasterol 9 had not yet been isolated and 
characte&dz l Furthermore, the author described the 
occurrence of 244hylcholest-5,22dien-3/3-ol, not 
detected in the present investigation, and he did not 
report the correspoudiug 22-saturated analog 15. 

This study adds further midence that steryl sulfates 
are characteristic of the phylum of Echinodmnata, 
even it is not yet known why echinoderms produce such 
relatively large amounts of steryl sulfate. 

1( -.-+A( ,, ..&/ 
EXPEB@NTAL 

The following instruments were used: NMR, Bruker WM- 
250; MS, Kratos MS 902 spectrometer equipped with kratos 
FAB source, the ne@ve ion w of 1 was obtained by 
dissolving the sample in a $ycer&natrix and placing it on a 
Cu tip prior to bombardment with Xe atoms of 2-6 kV; AEI 
MS30 apparatus at 70 eV for low resolution EI mass spectra ; 
AEI MS902 apparatus for high resolution EI mass spectra; 
HPLC, Waters Model 6000 A pump equipped with U6K 
injector and a difkrential &actometer, mode! 401; DCCC, 
DCC-A apparatus manufactured by Tokyo Rikakikai Co. 
equipped with 250 tubes. 

The ‘H-NMR spectra of free sterols were run in CDCI,, 
those of sulfated sterols in CD,OD. The chemical shifts are 
reported in ppm on the 6 scale, J values are reported in hertz 

Extraction, sterol sulfates isolation andfracrionation of tik 
desulfated sterols. The animals (60 specimens, 0.7 kg fresh 
animals), collected in 1983 in the Bay of Naples, were extracted 
twice with MeOH (4 I), the slurry filtered, and the solvent 
removed to yield a deepyellow semi-solid. The crude extract 
was partitioned between EtOAc and water to obtain an 
EtOAcextractwhich wssdricdonarotaryeva~oratortovicld 
a yellow gum(054g).Theaqueousfracti~n~ thenextracted 
with n-BuOH (3 x 500 ml) to obtain an n-BuOH extrad which 
was dried on a rotary evaporator to yield a y&low s&d. 

The n-BuOH cxtract (3.7 g) was applied in two runs to a 

c&mn(2x6O~n)ofSephadexLH-2OusingMeOHaseluent. 
Fractionsof20mlwerrcdleaedandchscl~byTLCoo~~ 
gel n-BuOH-AcOH-water, 60: I5 : 25. Fractions 3645 
contained t+ee sterols (380 mg); fractional672 cuntained 3/I- 
hydroxysterol sulfates (207 mg); fractions 73-100 contained 
the mixture of 3a,2ldihydroxy%teroid sulfates (45 mg) and 
finally fractions 102-i 16 contained the pent01 disulfated 1. 

The crude 3phydroxysterol sulfates ware further purified 
by DCCC (the solvent system was CHCl,-MeOH-water, 
7: 13 : 8 in which the stationary phase consisted of the lower 
phase; ascending mode; flow 24 ml hr-’ ; fractions of 8 ml 
were. collected) to provide 40 mg of purilied material. This 
material was solvolyxcd in dioxane (O.~yridine (0.5 ml) at 
120” for 6 hr and after cooling, water (5 ml) was added and the 
soln was extracted twice with n-BuOH. The organic layer was 
washed with water and evaporated under vacuum to give the 
free sterols mixture (22 mg). The 3b-OH sterols were then 
fractionated by HPLC on an ODS2 column (Whatman 
Partisil M9 lo/50 ODS-2,50 cm x 10 mm id.) with methanol 
into nine fractions which were each analyzed by mass 
spectrometry and ‘H-NMR spectroscopy. All fractions but 
one contained almost pure compounds, which were all known 
sterols Fable 4). 

The crude 3Qldihydroxysteroid disulfates, were frac- 
tionatad by HPLC on a /r-Bondapak C,, column (7.8 mm 
x 30 cm using 45% methanol in water) into four fractions 
which were each analyzed by *H-NMR. 

(2OR~5a-Cholestane-3a.2l-diyl sodium sulfate 4. ‘H-NMR 
(CD@D)60.75(q 18-H),0.85(;, 19-H),0.9l-(d,6H, J = 7 Hz, 
26and 27-H). 3.97(dd. 1H.J = 9.5and 5.3 Hz21-m.4.22fdd. 
lH, J = 9.5 aid 3.8‘H& 21-H), 4.64 (m, W,,, = 8 Hk lH,‘3& 
H). I%-NMR in Table 1. 

@OR)-Cholest-S-en-3a,2ldiyl sodhun surfate 5. ‘H-NMR 
(CD,OD) d 0.78 (s, l&H), 0.91 (d, 6H, J = 7 Hz, 26 and 27-H), 
1.06(q19-H),3.97(dd,l.H,J = 9.5and5.3Hq2l-H),422(dd, 
lH, J = 9.5 and 3.8 Hz, 21-H), 4.64 (m, W,,, = 8 Hz, lH, 3/7- 
H), 5.34 (bd, J = 5.5 Hz, 6-H). 

(22E,2OR)-Cholesta-5,22diene-3a,2I-diyl sodium sulfate 6. 
‘H-NMR (CD,OD) 6 0.78 (9. 18-H). 0.91 and 0.92 leach d. 
J = 7 Hz, H-26-&d k-27). 1.06 (s. 19%), 3.97 (dd, 1H; J = 9.j 
and5.3Hz,21-H),422(dd, lH,J = 9.5and3.8 I&21-H),4.64 
(m,W,,, = EHqlH,3&H),53O(dd,J= 16andlOHz,22-H), 
5.34(bd, J = 5.5 Hz, dH). 5.43 (dt, J = 16 and 7.5 Hz 23-H). 

@OR)- 24 -Methylchdhsto_5~q28)diene_3~l~yi~~ 
sulfate 7. ‘H-NMR (CD,OD) 6 0.79 (s, 18-H), 1.06 (s, 19-H), 
1.07 (d’s, 6H, J = 7 Hz, 26- and 27-H), 3.97 (dd, lH, J = 9.5 and 
5.3 Hz, 21-H),4.22(dd, lH, J = 9.5and 3.8 Hz, 21-H),4.64(m, 
W, ,, = 8 Hz 1H. 3B-HI 4.70 and 4.75 leach s. 28-H). 5.34fbd. 

.I_ 

J = 5.5 Hz, &H)l &ch compound v& theh .&I$& & 
described above. 

The fractions containing the pent01 disulfate were further 
purified by HPLC on a Waters C,, Cc-Bondapak column (7.8 
mm x 30 cm) with MeOH-HIO, 1: 1 to provide 12 mg of 1, 
which was crystallyzed from MeOH in the presence of CHCI,, 
m.p. 192-195”, [a]n = 10.8”(c,O.9; MeOH); FAB-MS(-ve), 
m/z 649(62X 633 (29), 531(54x 513 (43), 369 (16), 289(19), 233 
(100); ‘H-NMR 6 0.90 (s, lE%I), 0.93 (d, J = 6.5 Hz, together 
6H). 1.19(~,3H,19-H),3.28(d,lH,J = 3Hz,12-H),399(t,lH, 
J = 3 Hz, 1 l-H), 4.08 (dd, lH, J = 9,6 Hz, 21-H), 4.19 (m, 3H, 
3-, 4- and 21-H); “C-NMR in Table 1. 

Compound 1 (mg 11) was solvolyxed as above to give the 
pentol2, which was purified by HPLC on an ODS column 
(Whatman Partisil ODS M9 IO/25 ; 25 cm x 10 mm i.d.) with 
MeOH-H,O, 78: 22 (8 mg) and then crystal&d from 
MeOH-hexane, m.p. 125-128”. 

Phvsiealdataofthewntol2Mdthe3~l-dihvdroxvsteroids. 
The ‘H-NMR s&c& of the 3a,21di&drox&ero& are in 
Table 2; the 13C-NMR spectra of the pent01 2 and the diol4a 
are in Table 1. 

5~CholestMe-3~~l1~,12~~1-polloI 2, m.p. 12>128” 
(from MeOH-hexane); El high reduction MS, m/z 434.3389 
(M+ -H,O, C,,H,sO, requires M, 434.3395); EI MS, m/z 
434 (M+-H,O, WA), 416 (M+-2H,O, 63), 404 (M+ 
-fI;0-CH,0,50),401(416-Me,25),386(404-H,0,100), 
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371(20),368(404-2H,O,22X287(M+-eidechain-W,0, 
60) ; ‘H-NMR 6 0.88 (d, 6H, J = 65 Hz, &and 27-H), 0.90(s, 
3H, 18-H), 1.18 (s, 3H, 19-H), 3.32(d, lH, J = 3 Hz, lZH), 3.60 
(mfiomwhichemeruedaddwithJ = 12and5Hz2H.3-and 
il -H), 3.90 (m from which emerged a dd with J = i2 &d 3 Hz, 
2H. 4- and 21-m 4.08 ft. 1H. J = 3 Hz 11-H). 

_(iOR~sp_C_ho~zStl~~I 4 Ei hig&&&on MS, 
m/z 404.3653 (M+, Cz,H,,O, requirea M, 404.3654); EI MS, 
m/z404(M+.72%),389(28),386(66),371(40),279(20),273(80), 
265 (44), 233 (90), 215 (100). 

(20R)-C~lcst-5-ene-3u,2ldioI Sa, EI high resolution MS, 
m/z 4023493 (M+, Cz7Hti0z requiree M, 402.3497); EI MS, 
n$z~M+,30~384(1~~369(30,351(16),273(18),255(25), 

(22~R~Cholesta-SZ2-diene-30521_dioI 6a, EI high reso- 
lution _MS, _mj’400.3337 (M+, C2,HUOz requires M. 
400.3341); EI MS, mjz vi; l&), 382 (20), 367 (8), 271 
(100x 255 (12), 253 (12), 213 (lo), 211(5). 

(MR) - 24 - Methykholesta - 5,24(28) - diene - 3a,21- dial 7a, 
EIhi&resolutiooMS,m/.z4l4.34%(M+,CzsH~Ozrequires 
M,414.?497);E1MS,m/z414(M+,1~~),4@0(57),3%(20),385 
(60), 382(30), 367(15), 330(8),273(95),271(100).213(50),211 
(20). 

p-Bromobenzoylotion o/2 : dibenzwte 3. The mixture of 2 (3 
mg) and 6.5 mg (4.5 equiv) pbromobenxoyl chloride in 0.2 ml 
of&y pyridinc was h&e&at 60” overnight. The mixture was 
diluted with water and extracted with CHCl,. The CHCl, 
extract was washed with 0.1 N NaHCO,, waier and dried: 
Evapogtioo afforded a residue which was purified by silica gel 
chromatography (a Pasteur pipet filled with a slurry of silica 
gel) with CHCl, and CHCl,-MeOH, 98: 2 to give in the 
CHCl, eluatea the dibenzoate 3 (1.2 mg; R, 0.8 in CHCls- 
MeGH,95:5),whichwascharacterizedsolelyfromthcEIMS, 
m/z 616-618 (M+ - BrCsH,COzH) and ‘H-NMR, after D,O 
exchange, 0.87 (d, 6H, J = 6 Hz, 26- and 27-H), 0.89 (s, 3H, 18 
H), 1..20(~ 3H, 19-H), 3.3O(d, lH,J = 3 Hz, 12-H),4.03(t,lH,J 
=3Hz,ll-H),4.14(fJ=3Hx,4-H),4.5O(d,2H,J=5.5H~ 
21-H),498(broadd,lH,J = 10.5Hq3-H),7.58,7.61,7.88and 
7.91 (e+h 4 8H, J = 7.0 Hz, &-VI._ 

Bis-acetonidef&rmurion ofz Pent01 2 (2.Omg) in dry acctoiie 
(0.5ml)contaioingpTsOH(3mg)wasstirredatroomtempfor 
4 hr. The mixture was neutral&d p;iih BicO,. centrifuged, 
and the sqernatant evaporated to dryness to give the 
3,4-,11,12bfs-ac&mide, which was characterized solely from 
EI MS, m/z 532 (M+, lx), 517 (M+ -CH,, 4), 474 (M+ 
-CH,COCH,,8),457(12),444(3),416(M+-ZCH,CGCH,, 
22),399(100).381(1OO);and ‘H-NMR(CD,OD),6&81(3,3H, 
18-H),0.92@,6H.J =6.5~26-and27-H),121(~,3H,19-H), 
1.28. 1.36, 1.48 and 1.50 (s, each 3H, -GC(CH,)~-O), 3.72 
(2H,ABpartofanABXsystem,J,=llI&,J,=J,=4 
Hz. 21-H). 3.81 ld. 1H. J = 6 Hz 12-H). 4.12-4.21 (m. 2H 
tog&her,i-and&H),4.il(t.J = 6&,ll&);thesp&&in 
CDCl, was lea9 resolved. 

Free sterols isolation andfractbnation. The fractions 36-45 
(175 mg) f&n chromatography on Sephadex LH-20 of the o- 
BuOH extract and the EtOAc extract (57Omg) were combined 
and chromatographed on a silica gel 70 g, 70-W) mesh, 
kieselgel 60 column in light petroleum, b.p. 40-70” pd 

increasing amounts of ethylether to provide the crude sterol 
mixture (118 mg). This mater&l was crystaUi& from EtOH ._ _.- -._. _ 
and fractionated on ODS2 column with MeOH (9 mg/lOO pl 
CHCl, for each injection) to give nine fractions, which were 
each rinalyxed by mass spectrometry and ‘H-NMR 
spectroscopy. 
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