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flow 5 mL/min, RT 30 min). 360-MHz NMR for 18 (CDCl,) &
0.683 (s, C18 H), 0.818 (s, C19 H), 0.858 (d, J = 6.7, C26 or C27
H), 0.861 (d, J = 6.5, C26 or C27 H), 0.891 (d, J = 6.2, C21 H),
3.60 (m, C3 H), 3.94 (ddd, J, = J, = 4.6, J3 = 3.2, C15 H).

38-Hydroxy-5a-cholestan-15-one 3-(Dimethyl-tert-butyl-
silyl) Ether (19). A 101.7-mg sample of the protected alcohol
17 in acetone (25 mL, distilled from KMnO,) was cooled in ice,
and 100 uL of a chromic acid solution was added (CrOg, 26.73 g;
concentrated H,S0,, 23 mL; water to 100 mL).*” After a few
minutes some ethanol was added, followed by NaHCQ,, and the
mixture was partitioned between hexane and water. The residue
of the hexane layer was purified over a Florisil column (5 g); the
ketone 19 was eluted with hexane-benzene (3:2) and recrystallized
from acetone-methanol: yield 66%; mp 211 °C; [a]p +34° (¢ 6
X 1078, CHCly); 360-MHz NMR for 19 (CDCl,) 5 0.042 (6 H, s,
methyl groups at Si), 0.731 (s, C18 H), 0.798 (s, C19 H), 0.859 (d,
J = 6.7, C26 or C27 H), 0.862 (d, J = 6.6, C26 or C27 H), 0.877
(9 H, s, t-Bu), 0.977 (d, J = 6.3, C21 H), 3.55 (m, C3 H).

5a-Cholestane-33,158-diol 3-(Dimethyl-tert-butylsilyl)
Ether 15-(Ethyl carbonate) (21). The crude 158-alcohol 20 was
obtained in quantitative yield by LiAlH, reduction of 19 in ether;
a 24-mg sample in anhydrous pyridine (4 mL) was cooled in ice,
and ethyl chloroformate (0.3 mL, Aldrich) was added with stirring.
The ice bath was removed, and stirring was continued until all
solid material had disappeared. After 24 h some ice was added
and most of the solvent was evaporated, the rest was removed
by an aqueous workup (water, ether, 1 N HCl). TLC showed that
there was only a small amount of starting material left. The main
product had the R; value of the A!* elimination product 16 (R,
0.55 in hexane-benzene, 3:2; R; 0.67 in hexane—ether, 2:1), whereas
the minor product, the desired ethyl carbonate 21, has lower R,
values: R;0.12 in hexane-benzene (3:2); R; 0.61 in hexane—ether
(2:1). The products were separated over Florisil (8 g): 16
(identified by NMR) was eluted with hexane-benzene (2:1), and
21 was eluted with benzene.

5a-Cholest-15-en-38-0l (11). The crude 153-carbonate 21 (6
mg) in Decalin (1 mL), vacuum sealed in a heavy-walled tube,
was heated at 245 °C for 75 min (o0il bath). The Decalin was
evaporated (vacuum pump), whereupon TLC showed the reaction
to be virtually complete. The product was isolated by column

(37) Djerassi, C.; Engle, R. R.; Bowers, A. J. Org. Chem. 19586, 21,
2547-1548.

chromatography (Florisil, 5 g; eluent hexane-benzene, 4:1). The
olefinic region of the NMR spectrum showed the product to be
a 4:1 mixture of the A% compound 16 and the isomeric A% olefin
22. Deprotection (vide supra) by using 2 mL of LiBF, solution
(7 h, 45 °C) afforded a mixture of the corresponding free sterols
which could be separated by reverse-phase HPLC: 5a-cholest-
14-en-38-ol (15) has RRT 0.85, while 5a-cholest-15-en-33-0l (11)
has RRT 0.91. Both sterols have the same RRT in GC (1.0).
High-resolution MS (probe) of 11 (70 eV), m/z (assignment,
relative intensity): 386.3550 (CypH,0,, M*, 100), 371.3287
(CagH 301, 22), 368.3431 (CprHy, 12), 353.3186 (CygH,y, 9), 302.2580
(CpHa404, 12), 301.2569 (CyyHy50;, 12), 283.2392 (CyHyy, 8),
973.2210 (C15Hy0,, 84), 260.2496 (C19H3,, 18), 255.2129 (C oHyr,
52), 234.1938 (C1gHy01, 8), 233.1888 (C1sH,50;, 25), 220.2169
(CigHas, 3), 220.1828 (Cy5Hy0,, 31), 218.1664 (C,5Hy0,, 14),
215.1795 (CygHag, 34), 206.2010 (Cy5Hyg, 66), 206.1616 (C;4Hy,0,,
4), 202.1676 (Cy5Hy, 14).
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Sixteen 38-(hydroxymethyl)-A-nor steranes, of which five are new, have been found in the Red Sea sponge
Acanthella aurantiaca (Family Axinellidae), which contains no sterols with conventional skeletons. The new
structures were elucidated by 360-MHz 'H NMR and mass spectral analysis. The 360-MHz 'H NMR spectra
of all A-nor sterols are summarized as an aid to the future rapid analysis of mixtures containing this class of
marine sterols. The stereochemistry in the 3-position was proved by synthesis of 3a-(hydroxymethyl)-A-nor-
5a-cholestane, which has different physical properties than the corresponding 338 compound.

In the search for new sterol structures, the finding of
the unique class of nuclearly modified sterols,’”” the 38-
(hydroxymethyl)-A-nor steranes, is of considerable value

*Stanford University.
Istituto per la Chimica de Molecole di Interesse Biologico.

0022-3263/82/1947-5309%$01.25/0

for the understanding of the food chain, biosynthesis, and
chemotaxonomy of certain sponges.

(1) For part 32 in this series see: Eggersdorfer, M. L.; Kokke, W. C.
M. C.; Crandell, C.; Hochlowski, J. E.; Djerassi, C. J. Org. Chem., previous
paper in this issue.
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It has been shown®!! by tracer-incorporation studies
that the A-nor sterols arise by modification of dietary
sterols. This is so far the most convincing evidence for the
ability of sponges to chemically modify sterols subsequent
to dietary intake. Our rapidiy increasing knowledge of the
origin of marine sterols thus offers a means of examining
the complicated food chain operating among these sponges.
The majority of the sponges that contain A-nor sterols lack
sterols with conventional nuclei. This probably means that
these sponges have a very efficient enzyme system for
converting absorbed sterols from the diet and transforming
them into A-nor sterols. Therefore the existence in nature
of some hitherto unknown sterols with conventional nuclei
can be detected! through the isolation of the corresponding
A-nor sterols.

What is the biological function of such sterols? Does
the sponge change the structure because its membranes
need a sterol which fits a special phospholipid? Earlier!?
many sterols with complex side chains, but with a con-
ventional nucleus, have been found in marine inverteb-
rates, which has been attributed!3 in several instances
to a specialized membrane function and possible unusual
fatty acids. However, if we find sterols with alterations
in both the nucleus and the side chain compared to cho-
lesterol, does this imply the existence of a corresponding
phospholipid which is changed in both the hydrophilic and
hydrophobic part?

Results and Discussion

Earlier, five sponges,® belonging to the family Axinel-
lidae, have been shown to contain exclusively or over-
whelmingly A-nor sterols, while two belonging to the family
Hymeniacidonidae contain in addition substantial amounts
of sterols with a conventional nucleus (A% or 5a-H).

We have now found another sponge, Acanthella au-
rantiaca, that solely contains A-nor sterols from another
different geographical location (Red Sea). Thigsponge also
belongs to the family Axinellidae, which points to a che-
motaxonomic relationship of the species in this family.

TLC-analysis of the sterol mixture showed the typical
characteristics for A-nor sterols as reported in an earlier
publication,® without the presence of sterols with con-
ventional skeletons. GLC analysis revealed six major peaks
which according to mass spectral analysis were shown to
be the known A-nor sterols found by Minale and Sodano?
and subsequently by others.>*¢ However, some minor
sterols with longer and shorter RRTs (relative retention

(2) Minale, L.; Sodano, G. J. Chem. Soc., Perkin Trans. 1 1974,
2380-2384.

(3) Bohlin, L.; Gehrken, H. P.; Scheuer, P. J.; Djerassi, C. Steroids
1980, 35, 295-304.

(4) Bergquist, P. R.; Hofheinz, W.; Oesterhelt, G. Biochem. Syst. Ecol.
1980, 8, 423-435.

{5) Bohlin, L; Sjostrand, U.; Sullivan, B. W.; Djerassi, C. J. Chem. Soc.,
Perkin Trans. 1 1981, 1023-1028,

(8) Kanazawa, A.; Teshima, S.; Hyodo, S. Comp. Biochem. Physiol. B
1979, 62B, 521-525.

(7) Teshima, S.; Kanazawa, A.; Hyodo, S. Bull. Jpn. Soc. Sci. Fish.
1980, 46, 1517-1520.

(8) DeRosa, M.; Minale, L.; Sodano, G. Experientia 1975, 31, 408-410.

(9) DeRosa, M.; Minale, L; Sodano, G. Experientia 1976, 32.
1112-1113.

(10) Bibolino, L.; Minale, L.; Sodano, G. J. Chem. Soc., Chem. Com-
mun. 1978, 524-525.

(11) DeStefano, A.; Sodano, G. Experientia 1980, 36, 630-632.

(12) Goad, L. J. In “Marine Natural Products”; Scheuer, P. J., Ed.;
Academic Press: New York, 1978; Vol. II, Chapter 2. For additional
examples see: Djerassi, C. Pure Appl. Chem. 1981, 53, 873-890.

(13) Djerassi, C.; Theobald, N.; Kokke, W. C. M. C,; Pak, C. S,;
Carlson, R. M. K. Pure Appl. Chem. 1979, 51, 1815-1828.

(14) Carlson, R. M. K,; Tarchini, C.; Djerassi, C. In “Frontiers of
Bioorganic Chemistry and Molecular Biology”; Anachenko, S. N., Ed,;
Pergamon Press: Oxford and New York, 1980; pp 211-224.
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times) were also present in the GC trace, thus prompting
the present study.

The sterol mixture was subjected repeatedly to HPLC
separation (see Experimental Section). The resulting
fractions were subjected to GC and GC/MS which together
with the RRT (GC and HPLC) served for tentative
structure assignment of several of the sterols. However,
to determine strereochemical differences in the side chain
and to search for new structures, we performed 360-MHz
'H NMR measurements on fractions that contained a
single pure component.

The stereochemistry of the hydroxymethyl group in the
3-position of A-nor sterols has been assigned the 8 con-
figuration by Minale and Sodano? by conversion of the
natural A-nor sterols to methyl A-nor-5a-sterane-38-
carboxylates and comparison to synthetic methyl A-nor-
5a-cholestane-33-carboxylate. However, a direct com-
parison between 36- and 3a-(hydroxymethyl)-A-nor sterols
is necessary to exclude the possibility that they show the
same physical properties. Therefore, 3a-(hydroxy-
methyl)-A-nor-5a-cholestane (16) was synthesized'® and
compared with the corresponding natural compound.

A clear distinction could be made between 38-(hydroxy-
methyl)- (6) and 3a-(hydroxymethyl)- (16) A-nor-5a-cho-

OH

R, = CHZOH; R2 = H

lestane by TLC (R, 0.42 and 0.51, respectively), GC (RRT
= 1.00 and 0.82, respectively), reverse-phase HPL.C (RRT
= 1.00 and 0.75 respectively), and NMR (vide infra). Even
the mass spectra show interesting differences: M* - CH,
(m/z 373) is significantly stronger in 16 compared to that
in 6 (41% vs. 13%). Furthermore, the m/z 357 fragment
(loss of CH;0) has about double the intensity compared
to m/z 355 (loss of CH;0) in 6 while in the 3« compound
(16) the opposite intensities occur. The fragmentation of
6 is discussed in our earlier publication.?

Known 38-(Hydroxymethyl)-A -nor Steranes. The
structures of compounds 3-6, 7a,b, 10a,b, 11a,b, and 12a,b
(Table I) were shown to be identical with the compounds
reported in our earlier publications!® by comparison of GC
and HPLC relative retention times together with mass
spectral and 360-MHz 'H NMR data. In one publication®
the A-nor sterols were isolated and characterized as ace-
tates. To determine if the separation was the same with
the free sterols and also to obtain their 360-MHz 'H NMR
data, we examined the free sterol mixture. However, the
separation is more effective with the sterol acetates as
shown by the C-24 isomers 1la and 11b which can be
separated as acetates® but not as free sterols (see Table
I). Nevertheless, the chemical shifts for both isomers (11a
and 11b) could clearly be seen in the 360-MHz 'H NMR
spectrum, and by comparison with the spectra of the iso-
lated compounds,® the two compounds could be identified
in the mixture. The epimeric pairs 10a,b and 12a,b were
also identified in this manner. Compound 14, containing
the gorgosterol side chain typical of coelenterates, has

(15) Whitham, G. H.; Wickramasinghe, J. A. F. J. Chem. Soc. 1965,
5416-5422.
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Table I. Molecular Ions, Percent Yield, and GC and HPLC RRT? Values of the 33-(Hydroxymethyl)-A-nor
Steranes from the F.ed Sea Sponge Acanthella aurantiaca

RRT
. structure of

compd side chain® m/e for M* % yield @ GC HPLC

1 (\/,\ 372 1 0.65 0.61
PN

2 _(\/bc 384 T 0.86 0.66
N

3 ) K\/v\/ 386 3 0.92 0.71
W

4 M 386 5 1.00 0.76

5 f\/\(e 386 6 1.00 0.80

6 (\/\( 388 20 1.00 1.00

7a N 400 22 1.10 0.83

b K\/\( 400 6 1.10 0.88
PN

8 (\/\f 400 3 1.42 1.22

9 ) (\)J\( 400 T 1.30 0.80

10a 402 5 1.31 1.07

10b z 402 4 1.31 1.07

1la ) 414 2 1.42 1.03
N

11b = 414 3 1.42 1.03
//,/M

12a 416 9 1.61 1.14

12b < 416 7 1.61 1.14

13 416 T 1.63 1.29

14 o 428 1 2.30 1.48

15 430 T 1.91 1.24

S
N
33

@ Retention time relative to that of 3g-(hydroxymethyl)-A-nor-5a-cholestane (6). ? Unless indicated otherwise the nucleus

is the conventional 33-(hydroxymethyl)-A-nor-5«a-androstane.

earlier been isolated in this laboratory by Bohlin et al.,?
and comparison of 14 with this compound showed them
to be identical.

The 24-methylene sterol 9 was not isolated because of
its very small amount but was seen as an impurity in the
360-MHz 'H NMR spectrum of 5. Comparison of the GC
and HPLC relative retention times with those of an au-
thentic sample of 38-(hydroxymethyl)-24-methylene-A-
nor-5a-cholestane’ tentatively shows that our sponge also
contains this sterol.

New 38-(Hydroxymethyl)-A -nor Steranes. The
minor sterol 1 was eluted very early from the HPLC (RRT

¢a’. 9T = trace amount. € a8,

= 0.61) and GC (RRT = 0.65) columns, thus suggesting
that 1 probably has a shorter side chain than cholesterol.
The mass spectrum shows 1 to be a Cy homologue of
(22E)-383-(hydroxymethyl)-A-nor-5a-cholest-22-ene (4)
which was confirmed by 360-MHz !H NMR (three doub-
lets and two singlets in the methyl region and two olefinic
protons; cf. Table II). By comparison to the spectral data
of an authentic sample!® of 24-nor-22-dehydrocholestanol,
1 was shown to be (22E)-38-(hydroxymethyl)-24-nor-A-

(16) Carlson, R. M. K. Ph.D. Thesis, Stanford University, 1977.
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nor-5a-cholest-22-ene. Since 24-nor sterols appear to be
of planktonic origin, the isolation of the corresponding
A-nor analogue 1 indicates that the sponge’s diet includes
such plankton which produce 24-nor sterols.

Except for the recently described! Al5-A-nor sterol 5,
only A-nor sterols with a saturated nucleus have been
found earlier.2”” We now report another A-nor sterol with
a nuclear (A7) double bond. The structure for this com-
pound (2) was elucidated by virtue of its earlier RRT in
HPLC and GC (compared to the nuclear saturated ana-
logue 3) and by the mass spectrum which showed the
typical m/z 246 peak!? for A7 sterols. The 360-MHz 'H
NMR spectrum of 2 displays the same pattern in the
methyl region as compound 3 but with some changed
chemical shifts. In particular the chemical shift for the
C18 H signal is considerably shifted to higher field and by
following Ziircher’s rules!® it shows compound 2 to have
a A" double bond. This was also confirmed by the integral
for the olefinic protons (three protons in 2, two protons
in 3). The methyl region of the 360-MHz 'H NMR spec-
trum of authentic!® amuresterol (17) was found to be

17

identical with that of 2 with the exception of the C19 H
signal which is influenced by the A-nor ring. Therefore,
the new sterol is 33-(hydroxymethyl)-A-noramuresterol (2).

22(R),23(R)-Methylenecholesterol has been isolated in
this laboratory from a variety of marine organisms by
Blanc and Djerassi,?® and we have now detected (through
the characteristic NMR spectrum; cf. Table II) the cor-
responding A-nor sterol 8 [33-(hydroxymethyl)-22(R),23-
(R)-methylene-A-nor-5a-cholestane).

Dinosterol (18), which has a 4a~-methyl group, can be

hydrogenated stereoselectively?? to give a saturated sterol
with two methyl substituents in the side chain (23£,24R).
The structure of the new A-nor sterol 13 was established
by NMR comparison with this hydrogenation product of
dinosterol (18). The respective 360-MHz 'H NMR spectra
were very similar if the doublet for the 4-methyl group of
dinosterol (18) is neglected. The only difference is that

(17) Djerassi, C. Pure Appl. Chem. 1978, 50, 171-184.

(18) Ztrcher, R. F. Helv. Chim. Acta 1963, 46, 2054—-2088.

(19) Kobayashi, M.; Mitsuhashi, H. Tetrahedron 1974, 30, 2147-2150.

(20) Blane, P.; Djerassi, C. J. Am. Chem, Soc. 1980, 102, 7113-7114.
Correction: Blanc, P.; Djerassi, C. 7bid. 1981, 103, 7038.

(21) Alam, M.; Sansing, T. B.; Guerra, J. R.; Harmon, A. D. Steroids
1981, 38, 375-382.

(22) Zielinski, J., unpublished experiments from this laboratory.
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the hydrogenated dinosterol has two doublets at 0.880 and
0.873 ppm?? while 13 has one doublet at 0.881 ppm with
double intensity. One possibility for this difference could
be a stereochemical difference at C23, because the stere-
ochemistry at this position is not known. Since the mass
spectrum shows 13 to be a Cy5 homologue of 38-(hydrox-
ymethyl)-A-nor-5a-cholestane (6), the 38-(hydroxy-
methyl)-23£,24(R)-dimethyl- A-nor-5a-cholestane structure
assignment for 13 seems secure.

Sterol 15 was eluted very late from the HPLC column
(RRT = 1.29), indicating two or three more methyl groups
than cholesterol in the side chain. This was further es-
tablished by the mass spectrum (M*, m/e 430) which
displayed the fragmentation of a Cyy homologue of 38-
(hydroxymethyl)-A-nor-5a-cholestane (6). The 360-MHz
'H NMR spectrum of authentic 24¢-n-propylcholest-5-
en-808-012® shows very similar chemical shifts to those of
15 with the exception of the A% double bond influence on
the C18 H, C19 H, and C21 H signals. From these facts
we conclude that 15 is 33-(hydroxymethyl)-24¢-n-propyl-
A-nor-5a-cholestane. This type of side chain has earlier
been found in a cultured alga by Rohmer et al.2?

General Comments on NMR Spectra of A-Nor
Sterols. High-resolution NMR is a very useful tool to
determine the type of nucleus and side chain of isolated
sterols. A conventional saturated nucleus (5a-androstane)
shows a multiplet at about 3.6 ppm for the 3«-H while for
saturated A-nor sterols two doublets of doublets appear
at about 3.6 ppm instead. These signals are the AB quartet
of an ABx system associated with the hydroxymethyl
group in the A ring.

Analysis of the methyl region of the A-nor sterols reveals
the structure and stereochemistry of the side chain by
comparison to authentic sterols with conventional nuclei
since change of the structure in the A ring does not affect
the chemical shifts of the methyl groups in the side chain.

Comparison of the A-nor sterols as free sterols with
corresponding acetates shows a downfield shift (about
0.010 ppm) of the C19 H signal of the acetates® (see Table
II) and a downfield shift of the hydroxymethyl signals
(3.6-4.02 ppm).

A A% double bond (1, 3, 4, 7a,b, 11a,b) moves the C18
H signal about 0.010 ppm downfield compared to that in
the corresponding saturated compounds. Additional al-
kylation in the 24-position does not seem to interfere with
the C18 H signal even if the 24-ethyl compounds (11a,b)
have slightly higher values (see Table II).

Alkylation in both 23- and 24-positions (13) shows a
considerable downfield shift of the C18 H signal (0.020
ppm). An even stronger difference (0.053 ppm, high field)
in chemical shift of the C18 H signal is caused by a cy-
clopropane group in the 22,23-position (8; see Table I).

Unsaturation in the nucleus of the 38-(hydroxy-
methyl)-A-nor steranes affects the chemical shifts of the
hydroxymethyl protons but not the coupling constants, A
A" double bond has the strongest effect while the A516)
double bond just slightly shifts the protons (see Table III).
The A7 double bond affects both C18 H and C19 H signals
while A1508) only affects the C18 H signal (see Table II).

The stereochemistry of the hydroxymethyl group can
also be established by high-resolution NMR. Both the
chemical shifts and the coupling constants for the AB
protons are different for 38-(hydroxymethyl)-A-nor-5a-
cholestane (6) compared to those for 3a-(hydroxy-
methyl)-A-nor-5a-cholestane (16; see Table IIT). Both 6
and 16 show the same geminal coupling constant (10.1 Hz)

(23) Rohmer, M.; Kokke, W. C. M. C,; Fenical, W.; Djerassi, C. Ster-
oids 1980, 35, 219-231.
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Table III. Comparison of 'H NMR Data for
3-Hydroxymethyl and 3-Acetoxymethyl
Protons of A-Nor Sterols

chemical shift,® §

side

chain nucleus R CH,OR

6 5a-H H 3.715 3.478
(3.539) (3.297)
[dd, J = 8.5, [dd, J = 9.0,
10.1] 9.7]

6 5a-H Ac  4.102 3.936
(4.226) (4.018)
[dd,J = 6.8, [dd,J = 9.0,
10.5] 10.6]

16 5a-H H 3.695 3.489
[dd, J = 4.0, [dd, J = 6.1,
10.1] 10.1]

16  5a-H Ac  4.069 3.953
[dd, J = 5.6, [dd, J = 7.0,
10.8] 10.8]

2 A’ H 3.769 3.545
[dd, J = 6.6, [dd, J = 9.0,
10.4] 10.1]

5 atstte)  H 3,724 3.486
[dd, J = 6.5, {dd, J = 9.5,
10.2] 9.6]

@ Values in parentheses are data from C,D, spectra.
Coupling Constants are given in hertz.

but different vicinal coupling constants (6.5, 9.0 Hz and
4.0, 6.1 Hz, respectively), confirming that they have dif-
ferent stereochemistry in the 3-position. Furthermore, the
chemical shift for the X-proton is 2.1 ppm for the 38
compound (6) while it is shifted considerably to 1.86 ppm
in the corresponding 3a compound (16). Irradiation of the
X proton for both 6 and 16 collapses the AB multiplet to
a quartet with a geminal coupling of 10.1 Hz. Irradiation
of one of the quartets (A) collapses the other quartet (B)
to a doublet with its respective vicinal coupling (see Table
III) and also simplifies the X-proton multiplet. Further-
more, the angular methyl group at C19 is shifted upfield
(0.737 compared to 0.725 ppm) in the 3« compound (16).
This difference is considerably increased for the corre-
sponding acetates (0.751 compared to 0.720 ppm). The
methyl signals for C18 H and the side chain are almost the
same (see Table II).

Experimental Section

General Methods. TLC was performed on precoated (An-
altech, Uniplate) silica gel GF (250 um) glass plates (2.5 X 10 cm)
with hexane/diethyl ether (1:1) as the eluant and ceric sulfate
in sulfuric acid as the spray reagent.

GLC was performed by using a Hewlett-Packard 402A chro-
matograph equipped with a flame-ionization detector: 1.80 m
X 4 mm i.d. U-shaped column containing 3% OV-17 on Gas
Chrom Q (Applied Science Inc.); temperature 260 °C; carrier gas
He (100 mL/min). A Waters Associates HPLC system (M6000
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pump, U6K injector, R401 differential refractometer) and a
Whatman Partisil M9 10/50 ODS-2 column (50 ¢cm X 9.40 mm
i.d.) were used for isolation at a flow rate of 3 mL/min (1000 psi)
with absolute methanol as the solvent. The sterol mixture (136
mg) was injected in portions of 15 mg dissolved in 5 mL of
methanol.

Low-resolution of GC/MS analyses were performed on a Varian
MAT-44 spectrometer at 70 eV and a coiled GC column (1.80 m
X 2 mm i.d.) with 3% OV-17 on Gas Chrom Q (Applied Science
Inc.) at 260 °C.

The 360-MHz 'H NMR spectra (CDCly and C¢Dg) were mea-
sured on a Bruker HXS-360 spectrometer at the Stanford Mag-
netic Resonance Laboratory.

High-resolution mass spectra were recorded on a MAT 711
double-focusing spectrometer equipped with a PDP-11/45 com-
puter for data acquisition and reduction.

Extraction and Isolation of the Sterol Mixture. The
sponge (454 g, dry weight after extraction) was collected during
a trip on the Red Sea, preserved in acetone in 7 days, and then
extracted three times with acetone at room temperature for 3 days.
After concentration of the mixture, the aqueous residue was
extracted with ether (two times), and the combined ethereal
extracts were taken to dryness. The residue (11.2 g) was chro-
matographed on a silica gel column (320 g, Merck) to give on
elution with petroleum ether and increasing amounts of diethy!
ether a crude sterol fraction (0.37 g) which was further purified
from some contaminants by crystallization from methanol to give
the sterol mixture (0.30 g).

The individual sterols were isolated by repeated reversed-phase
HPLC runs under the above-described conditions. The relative
retention times of all sterols, both in GC and HPLC, are given
in Table I.

It is not possible to give melting points and angles of rotation
of the new sterols (1, 2, 8, 13, 15) because only very small amounts
were isolated: they were all minor or trace sterols (see Table I).

3a-(Hydroxymethyl)-A-nor-5a-cholestane (16) was synthesized
by following the method described by Whitham and Wickra-
masinghe.!?
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