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Figure 5. Schematic representation of light-driven ion transport. 

the order of their hydrophobicity). The results are summarized 
in Table 111. 

N d, 
NDS, R = H 
BUNDS, R = C, H, 

The rate of ion transport is strongly dependent on the anion 
p re~en t .~ '  We also observed that the transport rate is markedly 
affected by the hydrophobicity of the anion. Under dark con- 
ditions, the transport rate of BuNDS-K' is greater by a factor 
of more than 300 than that of NDS-K'. The transport of pic- 
rate-K' is 7 times faster than that of BUNDS-K+. The differences 
are rationalized in terms of the hydrophobicity of counteranions. 
Interestingly, the photoirradiation brought about two contrasting 
influences on the transport rate: the transport of picrate.K+ and 
BuNDS.K+ was decelerated by 1 S f o l d  and 1.7-fold, respectively, 
whereas that of NDS.K+ was markedly accelerated on photoir- 

(31) Lamb, J. D.; Christensen, J. J.; Izatt, S .  R.; Bedke, K.; Astin, M. S .  
J .  Am. Chem. SOC. 1980, 102, 3399. 
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radiation (17-fold). As described in the introduction, there are 
two possible rate-limiting steps in an ion-transport system: the 
rate-limiting step for very stable complexes is a t  the ion-release 
site while that for less stable complexes is at the ion-complexation 
site. The situation is applicable to the effect of counteranions. 
Probably, the increase in hydrophobicity of counteranions changes 
the rate-limiting step from the ion-complexation site to the ion- 
release site. The effect of photoirradiation in Table 111 is ra- 
tionalized if one accepts that the rate-limiting step for picrate-K' 
and BuNDSeK' is a t  the ion-release site and that for NDS-K' 
is at the ion-complexation site. In the transport of picrate.K+ and 
BuNDSeK', photoisomerized cis-1 would further suppress the 
release of K+ to the OUT aqueous phase. However, if ion com- 
plexation from the I N  aqueous phase is rate limiting, it would 
facilitate the extraction of NDS.K+, resulting in an enhancement 
in the overall transport velocity. These results demonstrate that 
the acceleration of ion transport by light occurs only when the 
ion transport in the rate-limiting step is modified by light. 

Table 111 shows, however, that there is an exception. We found 
that when one-fifth of the @dichlorobenzene phase in contact with 
the I N  aqueous phase is partially photoirradiated, the transport 
of picrate.K+ is accelerated. As expected, photoisomerized cis-1 
rapidly extracts K+ from the I N  aqueous phase, and while moving 
in the liquid membrane to the ion-relase site, it would isomerize 
thermally to trans-1. Hence, the concentratiuon of K+ in the liquid 
membrane phase can be enhanced without perturbing the situation 
in the ion-release site. The enhanced ion concentration would 
necessarily lead to the acceleration of K+ transport (Figure 5 ) .  
This finding implies that the dilemma which may occur in the 
ion-transport system can be broken by changing the binding ability 
of ion carrier by light. 

Concluding Remarks. The present system demonstrated that, 
in principle, ion extraction and ion transport through a liquid 
membrane can be controlled by light. The novel phenomena are 
attained because 1 combines within a molecule an antenna 
(azobenzene) which acts as a photoresponsive trigger and a 
functional group (crown ether) which causes a subsequent event. 
We expect that this concept might lead to a more efficient control 
of ion extraction, ion transport, and other effects by switching the 
light source on and off. 
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for bringing some references on the dipole moment of azobenzene 
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Abstract: A new Cj0 sterol-mutasterol-has been isolated as a minor component of the sterol fraction from the Caribbean 
sponge Xestospongia mutu. Its structure (5) (24-methylene-25-ethylcholesterol) has been deduced from spectroscopic data 
and confirmed by partial synthesis. The side chain contains an acyclic, quaternary carbon-hitherto unknown among sterolsand 
its biosynthetic origin is discussed. The sterol composition is compared with that of other Xestospongia species collected at 
different locations. 

Sterols have been found in all forms of life, from the higher 
animals and plants down to the Protista at the bottom of the 

evolutionary h i e ra r~hy .~  The only exceptions seem to be found 
among b a ~ t e r i a . ~  In higher animals and plants only a few major 

(1) For Part 18 in this series, see: Kokke, W. C. M. C.; Fenical, W.; (2) Visiting investigator from the Institute of Materia Medica, Chinese 
Bohlin, L.; Djerassi, C. Comp. Biochem. Physiol., in press. Academy of Medical Sciences, Beijing, China. 
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sterols are found, typified by cholesterol (1) and its 24-methyl 
(2) and 24-ethyl (3) derivatives. This has been interpretedS in 
terms of a finer “tuning” of the membrane function during evo- 
lution, leading to a closer fit of the sterol into the system and hence 
allowing less flexibility for the sterol structure. Among lower 
organisms, on the other hand, the steric requirements are less strict, 
and sometimes even a sterollike molecule may play the same role.6 

The last decade has shown lower invertebrates, almost exclu- 
sively of marine origin, to be a rich source of sterols with new 
structures. Until now, more than 120 new sterols have been 
characterized from marine organisms, many without terrestrial 
counterparts.’ Discoveries of unusual sterols as major constituents 
can give information on the phylogenetic significance of the sterol 
structure and can also shed some light on the complex struc- 
ture-function role of the sterol in the membranes. These major 
sterols can also be used in labeling experiments for biosynthetic 
studies. New sterols present in minor and trace amounts may offer 
important clues to biosynthetic or dietary pathways for the major 
components. 

Recently,* we have examined a sample of a deep sea sponge 
collected a t  Lighthouse Reef, Belize. It was first identified as 

(3) (a) Nes, W. R.; McKean, M. L. In “Biochemistry of Steroids and 
Other Isopentenoids”; University Park Press: Baltimore, Md., 1977; pp 
41 1-533. (b) Carlson, R. M. K.; Tarchini, C.; Djerassi, C. In “Frontiers of 
Bio-Organic Chemistry and Molecular Biology”; Ananchenko, S. N., Ed.; 
Pergamon Press: Oxford, 1980; pp 211-24. 

(4) (a) Schubert, K.; Rose, G.; Wachtel, H.; Harhold, C.; Ikekawa, N .  Eur. 
J .  Biochem. 1968, 5, 246-51. (b) Weeks, 0. B.; Francesconi, M. D. J.  
Bacteriol. 1978, 136, 614-27. 

(5) Nes, W. R. Lipids 1974, 9, 596-612. 
(6) Rohmer, M.; Bouvier, P.; Ourisson, G. Proc. Narl. Acad. Sci. U.S.A. 

(7) (a) Scheuer, P. J. “Chemistry of Marine Natural Products”; Academic 
Press: New York, 1973; pp 58-87. (b) Schmitz, F. J. In “Marine Natural 
Products”; Scheuer, P. J., Ed.; Academic Press: New York, 1978; Vol I, pp 
241-97. (c) Djerassi, C.; Theobald, N.; Kokke, W. C. M. C.; Pak, C. S.; 
Carlson, R. M. K. Pure Appl. Chem. 1979, 51, 18 15-28. 

(8) Kokke, W. C. M. C.; Tarchini, C.; Stierle, D. B.; Djerassi, C. J .  Org. 
Chem. 1979, 44, 3385-8. 
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Xestospong*a muta, but a reexamination has shown it to be an- 
other Xestospongia species, not yet determined. I t  contained as 
the major sterol (71%) xestosterol(4)-a C30 sterol with an  ab- 
normally long side chain. The virtual absence of “conventional” 
sterols and its relatively high titer suggest tbat xestosterol may 
be a membrane constituent. Thii interesting observation prompted 
us to examine another sponge of the same genus, X.  muta, collected 
a t  Barbados. The new specimen contained no xestosterol(4), but 
analysis led to the discovery of a new sterol, now named mutasterol 
(5), which proved to be the first naturally occurring sterol with 
an acyclic quaternary carbon atom in the side chain. Finally, still 
another sponge from the same genus, Xestospongia exigua, 
collected in the South China Sea, has been analyzed for its sterol 
content and found to be completely different. 

Results and Discussion 
Argentic TLC of the sterol acetates from X .  muta from Bar- 

bados followed by conversion to free sterols and GC-MS analysis 
of the fractions showed that a t  least 18 sterols (cf. Table I) were 
present in this sample. The main sterol was 24(28)-dehydro- 
aplysterol(6)? Isolation on reversephase high-performance liquid 
chromatography (LC) yielded four minor C3,, sterols with M+ = 
m/z  426, but none of them was identical with xestosterol(4). The 
amount of one of them was too small to allow structure deter- 
mination. Two of them were recently described compounds- 
24-isopropenylcholesterol (7)’O and verongulasterol (B).” The 
fourth sterol proved to be unknown and was named mutasterol. 

(9) DeLuca, P.; DeRosa, M.; Minale, L.; -no, G. J.  Chem. Soc., Perkin 

(10) Kokke, W. C. M. C.; Pak, C. S.; Fenical, W.; Djerassi, C. Helu. Chim. 
Trans. 1 1972, 2132-5. 

Acta 1979, 62, 1310-8. 
(11) Kokke et al. (Kokke, W. C. M. C.; Fenical, W. H.; Pak, C. S.; 

Djerassi. C. Tetrahedron Lett. 1978.43734) described the E isomer. The 
Z-isomer has been isolated subsequently (unpublished observation) and shows 
the expected NMR spectrum, the main difference being the shift for (2-30 Me, 
6 0.993 ( E )  vs. 0.960 (Z). The NMR spectrum of 8 was identical with that 
of the 2 isomer. 
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Table I. Sterols of Xestospongia muta and X .  exigua 
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Scheme I. Synthetic Route to Mutasterol 
mobilityb M+ % sterol fraction 

structure" LCC GC m / z  X. muta X .  exigua 
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region of the spectrum revealed a doublet at 6 0.953 (3 H,  J = 
6.43 Hz), a triplet at 6 0.703 (3 H,  J = 7.3 Hz)-pointing to the 
presence of an ethyl substituent-and two singlets at 6 0.684 (3 
H) and 1.005 (9 H). In C6D6 the latter singlet was split into two 
singlets a t  6 0.949 (3  H )  and 1.069 (6 H),  respectively. Two 
structures consistent with these data are 5 and 9, the difference 
being the position of the isochronous methyl groups. However, 
a quartet centered a t  1.4 ppm (2 H )  could also be seen, which 
collapsed to a singlet when the triplet was irradiated and therefore 
can be assigned to an ethyl group attached to a quaternary carbon. 
These data exclude 9 as a possible candidate. A structure such 
as 10, otherwise consistent with the N M R  data, is ruled out on 
mass spectral grounds, since such a compound would be expected12 
to display an  m l z  328 rather than m l z  314 peak. The only 
structure consistent with both N M R  and mass spectral data is 
5, 24-methylene-25-ethylcholesterol (25,26-dimethylergosta- 
5,24( 28)-dien-3/3-0 1 ). 

To confirm the structure we synthesized 5 by the route outlined 
in Scheme I. The aldehyde 11, with the As-double bond protected 
as an i-ether, was obtained from stigmasterol (12) by known 
proced~res . '~  Aldol condensation a t  -70 "C with 3,3-di- 
methyl-2-pentanone14 in the presence of lithium diisopropylamide 
yielded the enone 13 in poor yield. However, it was easily sep- 
arated by chromatography from the crude reaction mixture, since 
the enone is UV active and can be spotted on TLC. The aldol 
condensation is a shorter route for attaching a side chain to the 
aldehyde 11 than the conventional Wittig condensation used 
frequently in the generation of sterols with unsaturated side 
chains.15 A problem is the strong basic conditions used, which 
might cause epimerization at C-20. Chromatographic properties 
and N M R  spectral parameters, however, are quite different for 
enones epimeric a t  C-20, and by comparison with known com- 
pounds,16 it could be shown that the product had retained its 
configuration a t  (2-20. 

Catalytic hydrogenation gave the ketone 14 in quantitative yield. 
A Wittig reaction with methyltriphenylphosphonium bromide in 
THF followed by deprotection of the i-ether of 15 yielded the 
desired product 5. Injection on capillary G C  gave the same 
retention time as the natural compound, the high-resolution mass 
spectra were virtually superimposable, and the 360-MHz 'H NMR 
spectra were identical in both CDCl, and C6D6. 

The structure of mutasterol (5) is unusual in the sense that it 
contains an acyclic, quaternary carbon in the side chain. This 

Ph,PCH,+Br-, 

'.+ 28 0.71 0.95 384 

29 0.74 0.95 384 

1.9 

26 0.80 1.32 398 

30 0.82 1.16 398 
9.0 

31 0.88 1.16 398 

32 0.83 1.67 412 trace 

33 0.91 1.72 412 

6 0.91 1.72 412 39.3 

34 0.93 1.76 412 trace 

7 0.95 1.88 426 trace 

1 1.00 1.00 386 

35 1.07 1.00 388 
17.1 

12 1.02 1.42 412 3.9 

.?$IT- - 8 1.02 2.16 426 9.7 

2 1.07 1.32 400 3.3 

5 1.07 2.32 426 3.2 

3 1.12 1.61 414 9.7 

36 1.22 1.70 414 trace 

31 1.23 1.34 402 trace 

a All structures have a A5 nucleus except 35 and 37, which have 

High-performance liquid chromatography. 
a 5a-H structure. 

Its mass spectrum was very similar to that of xestasterol (4), which 
suggested a As-3/3-ol nucleus and a 24(28)double bond in the side 
chain ( m l z  314 is the base peak).12 A 24-methylene group was 
deduced from the 360-MHz 'H N M R  spectrum, which showed 
two broad singlets a t  4.75 and 4.78 ppm in CDC13. The methyl 

Cholesterol is taken as the standard (1.00). ~~ 

(12) Massey, I. J.; Djerassi, C. J .  Org. Chem. 1979, 44, 2448-56. 
(13) (a) Anderson, G. D.; Powers, T. J.; Djerassi, C.; Fayos, J.; Clardy, 

J. J .  Am. Chem. Soc. 1975,97,388-94. (b) Salmond, W. G.; Sobala, M C. 
Teirahedron Lert. 1977, 1695-8. 

(14) Ansell, M. F.; Davis, M. A.; Hancock, J. W.; Hickenbottom, W. J.; 
Holten, P. G.; Hyatt, A. A. J.  Chem. Soc. 1955, 2705-7. 

(15) Piatak, D. M.; Wicha, J. Chem. Rev. 1978, 78, 199-241. 
(16) Vanderah, D. J.; Djerassi, C. J.  Org. C h e k  1978,43, 1442-8. 
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Scheme II. Possible Biosynthetic Pathways for Mutasterol and Related Unusual Sterols 
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is the first example of such a side chain in a sterol, but a few have 
been encountered among triterpenoids. Bosistoin also 
named O - m e t h y l p e r t y ~ l , ~ ~ ~  is a triterpene found in two higher 
plants and contains the same side chain as mutasterol (5). The 
side chain 17, found in another terpene,'7c also contains a qua- 
ternary center a t  C-25, whereas 18, first seen in cy~loneolitsin,~'~ 
represents a class of side chains with the quaternary center a t  C-24. 

I t  is not clear whether sponge sterols are synthesized de novo 
by the sponge, result from modification of dietary sterols, or are 
dietary constituents. The opinion now seems to be that sponges 
are not capable of de novo synthesis.'" If instead we assume that 
the sponge modifies dietary sterols, desmosterol(l9) could serve 
as a starting material, since it is an  important biosynthetic in- 
termediate in many systems, e.g., as a precursor to cholesterol 
and 24-alkylated side chains.'"J9 The biosynthetic pathways 
outlined in Scheme I1 could explain several of the extended- 
side-chain sterols found in this sponge. Biomethylation via S- 
adenosylmethionine (SAM) and deprotonation would lead to 20 
(codisterolZ0 or its recently encounteredl0 24-epimer), which can 
undergo a second biomethylation to the carbonium ion 21. De- 
protonation can now occur in three ways, from C-24, (2-26, and 
C-27. If 21 is deprotonated a t  C-27,25(27)-dehydroaplysterol 
(22) is produced which can undergo biological hydrogenation- 
dehydrogenation2' to 24(28)-dehydroaplysterol (6) or another 
biomethylation a t  C-27 followed by deprotonation to give ver- 
ongulasterol (8)-both sterols having been found in this sample 
(cf. Table I). The same 25(27)-dehydroaplysterol (22) is also 
believed to be the precursor to xestosterol (4)." Products from 
deprotonation a t  C-26 have not been found, but deprotonation 
from C-24 to give the desmosterol homologue 23 has now been 
demonstrated indirectly since bioalkylation with SAM is now only 
possible a t  (2-24 or C-25. The former leads to the carbonium ion 

(17) (a) Croft, J. A.; Ritchie, E.; Taylor, W. C. Awt .  J .  Chem. 1975, 28, 
2019-33. (b) Nagai, M.; Nagumo, S.; Izawa, K. Tetrahedron Lett. 1975, 
3655-6. (c) Hui, W. H.; Li, M. M. J.  Chem. Soc., Perkin Tram. I 1977, 
897-904. (d) Ritchie, E.; Senior, R. G.; Taylor, W. C. Aust. J. Chem. 1969, 

(18) Goad, L. J. In "Marine Natural Products"; Scheuer, P. J., Ed.; Ac- 
ademic Press: New York, 1978; Vol. 11, pp 75-172. 

(19) See ref 3a, pp 325-410. 
(20) Rubinstein, I.; Goad, L. J. Phytochemistry 1974, 13, 481-4. 
(21) Knapp, F. F.; Goad, L. J.; Goodwin, T. W. Phytochemistry 1978,16, 

22, 2371-87. 

1683-8. 
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24 while attack a t  C-25 generates 25. If enzymatically induced 
methyl migration operates, then these two tertiary carbonium ions 
are interchangeable. Proton loss from 25 will then yield mutasterol 
(5). 

Mutasterol, comprising only 3% of the sterol fraction, probably 
does not play any important role in the membranes of this sponge. 
24(28)-Dehydroaplysterol (a), on the other hand, being the most 
abundant sterol (39%), may very well serve as such a constituent. 

An examination of the sponge Xestospongia exigua from the 
South China Sea yielded 24(28)-methylenecholesterol(26) as the 
main sterol (5 1%) together with other conventional sterols (cf. 
Table I). No sterols with alkylation a t  C-26/C-27 could be found, 
not even a t  trace levels. 

The puzzling question still remains why three species of the 
same genus produce so completely different sterol mixtures. Are 
there physical differences in the environment, such as water 
temperature, salinity, pH, and trace elements, that might change 
the course of the biosynthesis? Or do these sponges have symbiotic 
relations to zooxanthellae, responsible for the sterol production, 
and the differences in sterol content merely reflect different 
symbionts?' In our opinion the most likely possibility is the 
incorporation of a different dietary precursor in these three lo- 
cations. 

We hope to undertake experiments that will shed some light 
on the intriguing questions of the biosynthetic origin of novel 
marine sterols and of their role in the complex structurefunction 
role of sterols in cellular membranes. 

Experimental Section 
General Methods. Analytic GC was carried out on a Hewlett-Packard 

402A chromatograph equipped with a flame-ionization detector and a 
"U"-shaped glass column (1.80 m X 4-mm id.) containing 3% OV-17 
on GCQ (carrier gas He, oven temperature 260 "C) or a Carlo Erba 
capillary GC (Fractovap 4160) equipped with a flameionization detector 
and a capillary glass column (15 m X 0.3-mm i.d.) containing SE-52 
(carrier gas H2, oven temperature 260 "C). 

Preparative high-performance liquid chromatography (LC) was per- 
formed on a Whatman Partisil M9 10/50 ODS-2 reverse-phase column 
(50 cm X 1 cm), using a Haskel Model 28303 pump and a Waters 
Associates dual-cell refractometer detector. Absolute methanol was used 
as eluent (flow rate 1.5 mL min-I, pressure 500 pi).  

Combined GC-MS analysis was performed on a Varian MAT 44 
GC-MS system using a spiral glass column (2 m X 2.7-mm i.d.), con- 
taining 3% OV-17 on GCQ (carrier gas He, temperature 260 "C). 



24- Methylene- 25- ethylcholesterol 

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

IH NMR spectra were recorded on a Bruker HXS-360 (360 MHz) 
or a Varian XL-100 (100 MHz) spectrometer. Me& was used as in- 
ternal standard and CDCI3 as solvent unless otherwise stated. 

Melting points were measured on a Thomas-Hoover Unimelt capillary 
melting point apparatus, and specific rotations were obtained on a Ru- 
dolph Research Autopol 111 polarimeter. 

Extraction and Isolation of Free Sterols. A frozen sample (900 g) of 
the sponge Xestospongiu mutu (class Demospongiae, order Haploscler- 
ida), collected at Barbados, was homogenized in a Waring blender and 
extracted according to the Bligh and Dyer procedurez2 (CHC13/ 
MeOH/HzO). The chloroform layer was evaporated under reduced 
pressure, yielding a crude extract (14.3 g), which was applied to a silica 
gel column (1000 g). The column was successively washed with hexane, 
hexane-toluene (3:2), hexane-ether (l:l),  and ether-methanol (1:l). 
Fractions of 500 mL were collected and examined on TLC. Free sterols 
(0.566 g) were obtained from the hexane-ether (1:l) fractions 3-13. 
Sterol acetates formed by acetylation with pyridine-acetic anhydride 
were separated into five fractions by argentic TLC, using hexane-toluene 
(3:2) as solvent. Each fraction was eluted with ether and saponified in 
NaOH/MeOH, before being subjected to LC. Fraction 5 contained 
24(28)-dehydroaplysterol (6) and mutasterol (5). 

A dry sample (30 g) of X. exiguu, collected in the South China Sea, 
off the Province Kuang-xi (China), was extracted with acetone in a 
Soxhlet extractor for 24 h to yield, after evaporation, 500 mg of a crude 
extract. Chromatography on silica (see above) gave the sterol fraction 
(56 mg), which was subjected to preparative LC for separation of the 
different sterols. Identification of the sterols described in Table I was 
performed by mass spectrometric and 360-MHz NMR spectral means 
and by comparison of chromatographic mobility with appropriate ref- 
erence compounds. 

(22E)-25,26-Dimethyl-6~-methoxy-3~u,5-cyclocho~~t-22-en-24-one 
(13). The aldol condensation procedure of Eyley and Williams was 

n-Butyllithium (7.2 mL of 1.6 M solution in hexane, 11.5 
mmol) was added to a stirred solution of diisopropylamine (1.11 g, 11 .O 
mmol) in dry THF (10 mL) under nitrogen at 0 OC. 3,3-Dimethyl- 
pentan-2-one" (1.14 g, 10.0 mmol) in dry THF (10 mL) was added 
dropwise at 0 OC during 20 min. The solution was stirred at 0 OC for 
1 h, and cooled to -70 OC, and a solution of the crude aldehyde l l I 3  (4 
g, 10 mmol) in dry THF (50 mL) was added dropwise. The temperature 
was raised to -20 'C (1 h), lowered to -70 OC overnight, and kept at -20 
OC for another 2 h. Glacial acetic acid (1.5 mL) was added and the 
solution brought to room temperature. Ether (500 mL) and water (250 
mL) were added and the organic layer was separated and washed with 
dilute hydrochloric acid, sodium bicarbonate solution, and water. 
Evaporation of the solvent gave a crude product, which was dissolved in 
THF (60 mL) containing 1.5 N hydrochloric acid (8 mL). After 3 h at 
room temperature the mixture was diluted with ether and the organic 
phase was separated, washed with sodium bicarbonate solution and water, 
and dried over sodium sulfate. Evaporation of the solvent yielded the 
crude product ( 5  g). Chromatography on silica with hexane-ether as 
eluent with increasing amount of ether gave fractions which were checked 
on TLC for UV-active (254 nm) spots. Further purification of some of 
the fractions on LC gave a white solid (273 mg, 6%): mp 98-99 OC; 'H 
NMR (100 MHz) 8 0.755 (3, s, C-18 Me), 0.778 (3, t, J = 7.5 Hz, C-29 
Me), 1.026 (3, s, C-19 Me), 1.080 (3, d, J = 6.5 Hz, (2-21 Me), 1.098 
(6, s, C-27/C-28 Me), 3.322 (3, s, C-6 OMe), 6.37 (1, d, J = 15.5 Hz, 
C-23 H), 6.78 (1, dd, J = 8.3, 15.5 Hz, C-22 H); mass spectrum, m / z  
(relative intensity) 440.3660 (M+, C30HaO2, 89; calcd 440.3654), 425 
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(32), 408 (74), 385 (56), 369 (23), 337 (61), 309 (42), 255 (42), 253 
(27), 154 (100). The peaks at m/z 408 and 385 are characteristic for 
this type of i-ether and originate from loss of methanol (M' - 32) and 
ring-A cleavage (M' - 55), respectively.u 

25,26-Dimethyl-6~-methoxy-3a,5-cyclocholestan-24-0~ ( 14). The 
enone 13 (159 mg, 0.36 mmol) was dissolved in ethyl acetate (25 mL), 
and 5% palladium-on-carbon (75 mg) was added. The solution was kept 
under an atmosphere of hydrogen for 45 min and then checked by TLC. 
The UV-active spot had disappeared and a new spot with a slightly longer 
retention time could be seen [silica, hexane-ether(9l)l. The catalyst was 
removed by filtration on a short column with Florisil. Evaporation of the 
solvent left an oil which crystallized on standing: yield 159.5 mg (100%); 
mp 88-89 OC (from MeOH); IH NMR (360 MHz), S 0.708 (3, s, C-18 
Me), 0.778 (3, t, J = 7.5 Hz, C-29 Me), 0.903 (3, d, J = 6.5 Hz, C-21 
Me), 1.015 (3, s, (2-19 Me), 1.088 (6, s, C-27/C-28 Me), 3.318 (3, s, C-6 
OMe); mass spectrum m / z  442 (M', CdmOz) .  

25,2CDImethyl-~-methoxy-~5-cycloerg~t-24(2S)-~ (15). M e  
thyltriphenylphosphonium bromide (623.6 mg, 1.75 mmol) was sus- 
pended in anhydrous THF (30 mL) under nitrogen. A 1.6 M solution 
(1.09 mL, 1.75 mmol) of n-butyllithium in hexane was added and the 
solution was heated to gentle reflux (1 h) and cooled to room tempera- 
ture. The ketone 14 (159.5 mg, 0.360 mmol) in dry THF (5 mL) was 
added and the solution left at reflux for 30 h (starting material absent 
by TLC). After cooling, the solution was poured into ether and washed 
with water, and the organic phase was dried over magnesium sulfate. 
Evaporation of the solvent left a brown tar, which was chromatographed 
on silica gel [hexane-ether(l:l)]. TLC showed two spots, and these 
compounds could be separated on silica [hexane-ether (95:5)]. GC 
showed one peak with some base-line noise; yield 97 mg (61%); mass 
spectrum, m / z  440 (M', C3lH5zO). NMR showed a new peak around 
4.8 ppm (2 H). 
25,26-DimethylergostP-5,24(2S)-dien-3~-ol(24Methylene-25-ethyl- 

cholesterol, Mutasterol) (5). The i-ether 15 (92 mg, 0.209 mmol) was 
dissolved inpdioxane (25 mL) and water (5 mL) andptoluenesulfonic 
acid (25 mg) was added. The solution was heated under reflux for 1 h 
(starting material absent by TLC) and, after cooling, poured into ether. 
The organic phase was washed with water, sodium bicarbonate solution, 
and water and dried over magnesium sulfate. The solvent was evaporated 
to leave colorless crystals (66.3 mg, 74%), which after recrystallization 
from MeOH gave the following: mp 146-148 OC; [a]D2s.0 -26' (c  0.29, 
CHCl,). Gas chromatography (SE-52, capillary GC) showed only one 
peak, retention time 8.40 min. Subsequent coinjection of natural mu- 
tasterol still showed only one peak. 'H NMR (360 MHz) d 0.686 (3, 
s, C-18 Me), 0.705 (3, t, J = 7.5 Hz, C-30 Me), 0.954 (3, d, J = 6.6 Hz, 
C-21 Me), 1.006 (9, s, C-19/C-27/C-29 Me), 1.369 (2, q, J = 7.5 Hz, 
(2-26 H), 3.51 (1, m, C-3 H), 4.757 (1, s, C-28 H), 4.786 (1, s, (2-28 H), 
5.35 (1, br, C-6 H); mass spectrum, m/z  (relative intensity) 426.3883 

299 (13), 281 (13), 271 (16). 
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