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Abotmct-The Pacific sponge Aplysina jauloris was fed cholcstaol-[4-L~, (24R~mcthyL25- 
dehydrocholestaol-[26-“q (epiuxiisterol-[26WJ), (24S)-methyl-25dehydrocholcstcrol-[2~~*C] 
(axiistcrol-[26”C]), and 24-mcthylcncchol*ltaol-[~~~4~. Only cpicodistcrol. which has the same 
stereochemistry a1 C-24 89 (24~5~24~~elbylcholcsterol (aplysterol), was convertal with high 
eflicicncy into (24R~24,27dimethyl-25dehydrocholcstaol (25-dchydroaplysteroI). Further side chain 
extension [to E~24R)-24,26,27-~rimethyl-25dehydrocholeerol (verongulastcrol)] could alsO be 
demonstrated. 

INTRODUCITON 

With only very few exceptions, such as the protozoan 
Tetmhymena pyriifonnis,’ eukaqotic life is impossible 
without sterols which are an essential part of their cell 
membranes. Cholesterol has evolved as the specific 
stcrol required by higher animak~~ Higher plants,* 
instead, have a preference for sterols alkylated in the 24- 
position of the side chain. In contrast, many lower 
invertebrates, especially those which are known, or 
thought to be unable, to synthesize sterols de ~0,~ 
have apparently not developed a need for a specific 
sterol. Complex mixtures of sterols are often isolated 
from individual species of Elter and suspension feeders 
(e.g. sponges6 and gorgonians’). Where cholesterol, the 
most common sterol in nature, is the main component 
of the marine organism’s sterol mixture, it is likely that 
those sterols are simply derived from planktonic food 
that constitutes the diet of these animals.* Where algal 
symbionts (zooxanthellae) are present in the tissues of 
these invertebrates,’ algal sterol such as gorgosterol10 
(Iv), (24smethylcholesterol” (li), or 24-methylene- 
cholesterol ’ 2 (If) often predominate and are produced 
by the algal symbiont.10~12*13 

SomespongescontainlargequantitiesofA’*’(3)and 
As*7*9(11) (4) sterols,s*6 suggesting that these sponges 
need sterols with such unsaturated nuclei. Other 
sponges that seem to require sterols with uncommon 
skeletons are members of the family AxinelMae,‘* 
which convert dietary A’ sterols (1) into A-norsterols 
(5),1’*16 Axineh polypoides, which has only 19- 
norsterols” (6) and a Dysideu sp. from the Black !%a, 
which has some normal sterols, but which has about a 
20 x higher level of sterol epidioxides (7).‘* In almost 
every instance, the major sterol type is characterized by 

l This papa is dedicated 10 one of the pioneers of sterol 
biosynthesis, Professor Edgar Lcdercr, on the occasion of his 
seventy-fifth birthday. 

QFcUow of the Consejo National de Invutigaciones 
Cicntilicu y Tccnicap de la Republica Argentina while on 
leave from the Univcrsidad National de T l=umanVTucum=b 
Argentina. 

II Present address: Australian Institute of Marine Science, 
Townsvillc. Queensland, Australia. 

a single or at best a few nuclei, but a plethora of side 
chains. 

In contrast to the above sponges which seem to need 
sterols with a particular skeleton-irrespective of the 
structure of the side chain-there are now many 
examples known of sponges that have evolved a need 
for a main sterol with an unusual side chain, but with a 
normal (i.e. A’-3/?-hydroxyandrostene) skeleton. The 
first reported example was aplysterol (lq) ([24RJ5SJ- 
24J6dimethylcholesterol)19 which was found to be 
the main sterol of all sponges of the genus Aplysina 
( = Verongia) examined. ‘o-12 Aplysterol (Iq) is unusual 
in that it is alkylated at C-26. Sterols with alkylation at 
one terminus or both termini (C-26, C-27) of the 
cholesterol side chain (e.g. 1s) have been found only in 
sponges.22*23 

The Italian group, which discovered aplysterol (lq), 
also attempted to determine its origin. Radiolabeled 
acetate and mevalonate were taken up by the sponge 
Aplysina (= Verongia) aerophoba, but no radioactivity 
ended up in the sterol mixture,” suggesting that the 
spongeisincapableofdenooosynthesisofthesterol and 
hence, that aplysterol (lq) is most likely a modified 
dietary steral. 

The stereochemistry at the asymmetric centers in the 
side chain of aplysterol (lq) has been determined by X- 
ray analysis. l9 It has been suggested’* that aplysterol 
(lq) is formed via alkylation at C-26 of epicodisterol 
([24R]-methyl-25dehydrocholesterol) (lb)-which 
has the same stereochemistry at C-24 as aplysterol 
(lq)-followed by reduction of the double bond in the 
side chain. This suggestion was supported by the 
isolation2’ from Aplysina ( = Verongia) cauliformis of a 
compound which could be the primary product of 
alkylation of epicodisterol (la), viz. (24R)-24,27- 
dimethyl-25dehydrocholesterol 
sterol)” (la). 

(25dehydroaply- 

The postulated intermediacy24 of epicodisterol (la) 
in the biosynthesis of aplysterol (lq) creates another 
problem, viz the problem of the origin of epicodisterol 
(lh) itselfas there is no known planktonic source of this 
sterol. It has only been reported” to occur in Aplysina 
(= Verongiu) caul$mnis as a mixture with its (24q 
epimer, codisterol (lg). which is a well-known algal 
constituent.26 Conceivably, a mixture ofcodisterol (lg) 
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and 24-epicodisterol (lh) might be formed by in uiuo 
double bond migration of the common marine sterol 
24-methylenecholesterol (1f).27 

In this paper we report our work on the biosynthesis 
of aplysterol (lq) in the sponge Aplysina jistulmis 
(= Verongia thiom) collected at one intertidal site in 
La Jolla, California. Four precursors were fed to 
the sponge: epicodisterol (lb), codisterol (lg), 24- 
methylenecholesterol (lf) and cholesterol (1~). As 
mentioned above, If and lb are likely precursors of 
aplysterol (lq). Codisterol (lg) was included in order to 
determine whether the sponge is capableofepimerizing 
it into lh. Cholesterol was included to answer the 
question as to why there is relatively little cholesterol 
(lc) in Aplysinc spp. Can all dietary sterols, including 
cholesterol (lc), be converted into aplysterol (lq)? 

RESULTS 

Before doing any feeding experiment a procedure for 
the isolation of pure sterols from the mixture using 
reverse phase HPLC (two different columns and 
different solvent mixtures) was developed 
(Experimental).Theresultsofacompleteanalysisofthe 
sterols of Aplysina jstularis are given in Table 1 and 
differ in two important respects from literature 
reports 20*28 of the stetol composition of A. jsfuluris 
(= Verongia thiotaa). First, we found that 25- 
dehydroaplysterol (lo), and not aplysterol (lq) was the 
main sterol of A.jstulmis. One possible explanation for 
thisdifferent result might be that we worked with small 
(i.e. young) sponges (30-80 g wet weight). Second, we 
found that an important sterol had been misidenti- 
fied :20*2* A.fistulmis from La Jolla, California, does not 
contain 24(28)dehydroaplysterol (In) but rather 25- 
dehydroaplysterol (lo). If one does not use NMR for 
identification it is easy to confuse these two sterols as 
they have exactly the same mobility in GC and reverse 
phase HPLC. The difference is only a peak of low 
intensity at m/z 328 in the mass spectrum of 25- 
d;e.dd;fPaplysterol (lo), indicative of a A25 double 

In addition, a novel sterol of MW 412 was isolated 
from A. fistularis. An M + - 59 peak (corresponding to 
loss of part of ring A)29 in its mass spectrum indicated 
that the two degrees of unsaturation were in the ring 
system as a A ‘*’ diene chromophore. 29 The presence of 
the diene system was confirmed by two 1 H multiplets in 
the NMR spectrum (6 5.389, 5.576). The Me region of 
the NMR spectrum included three Me doublets and a 
Me triplet. Because of the source of the sterol this 
immediately suggested an aplysterol side chain (q). As 
shown in Table 2. there is good agreement between the 
shifts ofthe two Me doublets at highest field and the Me 
triplet in the spectra of aplysterol (13 and the new 
sterol (3q). Thus the new sterol is (24R.25s3-24, 
26dimethylcholesta-5,7dien-3j?-ol (7dehydroaply- 
sterol, 3q). 

Kokke et al.” isolated from Aplysina (= Verongiu) 
cuuliformis 24-isopropenylcholesterol (It) as a mixture 
ofepimers at C-24. The epimers have very similar NMR 
spectra; the only difference is the shift of the C-18 Me 
group (6 0.666 vs 0.672). We have now identified 24- 
isopropenylcholesterol (11) as a minor sterol com- 
ponent in AplysiMjstularis but found it to be sterically 
pure (single signal at 6 0.666 for C-l 8 Me group). 

The synthesis of the radiolabeled precursors for the 

feeding experiments was straightforward and cssen- 
tially a variation of our earlier synthesis22 of the C-24 
epimers of 25dehydroaplysterol (lo). Codisterol-[26- 
“Cl (la) and epicodisterol-[26-14~30 (lh) were 
synthesized in the following manner. Ethyl 2- 
methylacetoacetate was alkylated with the i-methyl 
ether (8x) of 23-iodo-24-norcholest-5-en-3/?*1 to give 
the protected ketocster 8y. Saponification followed by 
decarboxylation alTorded the i-ether of 27-nor-ergost- 
5-en-3/I-ol-25-one as a mixture of epimers at C-24 (8za 
+&b). The radiolabel was then introduazd by a Wittig 
reaction of these ketones (8~4 8zb) with “C-labeled 
methylenetriphenylphosphorane. The resulting mix- 
ture of 14C-lab&d iethers (s& 8b) of codisterol and 
epicodisterol was separated by reverse phase HPLC. 
NMR data of codisterol (lg), epicodisterol (lb) and 
some synthetic intermediates are included in Table 1. 
24-Methylenecholesterol_C28-14C-j was made by a 
Wittig reaction of the icther (&xc) of cholest-5cn-3fi- 
ol-24-one with “C-labeled methylenetriphenyl- 
phosphorane followed by deprotection. 

The results of the feeding experiments are given in 
Table 3. It should be mentioned that we did not try to 
purify labeled sterols with a shorter RT in HPLC than 
25dehydroaplysterol (lo) (see Table 1 and 
Experimental) because it would have been very difficult 
to obtain them completely free from recovered labeled 
precursors (If, lg, or lb) which are also eluted faster 
than 25dehydroaplysterol (lo). 

DISCUS!SION 

The incorporation experiments of sponges with 
radiolabeled sterols, carried out by the Naples 
group. “-17*3’ give a good idea of the percentages of 
recovery of radioactivity, and of the conversion of a 
precursor that constitutes a successful experiment Thus 
they recovered 20.4% of the radioactivity after a feeding 
experiment” ofAxinellauerrucosawithcholesterol-[4- 
“Cj (1~); 66% of the recovered radioactivity was in 3/l- 
hydroxymethyl-A-nor-Sacbolestane (5c). In this 
manner they obtained convincing evidence that A. 
uem~osaconvertsA’sterols(l)intoA-norsterols(S).In 
contrast, when fucosterol-[7,7-3H2] (1~) was fed” to ’ 
Colyx niceaensis, 56% of the radioactivity was 
recovered, but only 2.7% of the recovered radioactivity 
was in the target compound calysterol (lze), suggesting 
that fucosterol (1~) is not a good precursor of calysterol 
(lze), or that sterol metabolism in C. niceaeneis is slow, 
or both. 

The data in Table 3 clearly demonstrate that 
epicodisterol (lb) is an excellent precursor of 25- 
dehydroaplysterol (lo) since 76.8% of the recovered 
radioactivity was found in 25dehydroaplysterol (la) 
after an incorporation period of 30 days. The specific 
activities of aplysterol (lq) and verongulasterol (1s) of 
12,800 and 19,600 dpm/mg, respectively, indicate that 
further alkylation of 25dehydroaplysterol (lo) to give 
verongulasterol (1s) proceeds slightly faster than 
conversion of25dehydroaplysterol (la) into aplysterol 
(lq). A side reaction is biological reduction of 
epicodisterol (lb) to 24-methylcholesterol (li, j). 

The results ofthe feeding experiments with codisterol 
(lg) (Table 3) indicate that A. jstufaris is unable to 
epimerize codisterol (lg) at C-24. It is true that a low 
percentage (2.3%) of the recovered radioactivity was 
found in the sample of 25dehydroaplysterol (la), but 
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this radioactive material almost cerminly originated 
from epicodisterol-[XL’*CJ (lb) which was present in 
codisterol-[26-‘*CJ (lg) as an impurity (co 3%). This 
also explains the low specific activity of the aplysterol 
(lq) and verongulasterol (1s) samples. Thus, the only 
reaction which codisterol (lg) undergoes is reduction of 
the 25(26)double bond since 14.8% of the recovered 
radioactivity was found in the 24-methylcholesterol 
(Ii 1? sample. 

The specific activities of sterol samples isolated after 
an incorporation experiment with 24_methylenc- 
cholesterol-[28-‘*Cl (If) indicate that double bond 
isomerixation to give a codisterol/epicodisterol(1~ h) 
mixture followed by afkylation does not occur to a 
significant extent as the 2Sdehydroaplystcrol (la) 
sample is almost cold ( 1200 dpm/mg). Reduction of the 
24(28) double bond does occur. However, from a 
comparison of the specific activities it follows that 
alkylationat C-28 togivefucosterol(ll)andsubsequent 
further aikylation to 24-isopropenylcholesterol (It) or 
reduction to 24-ethylcholesterol (lo, p) proceed faster 
than the formation of 24methylcholesterol (li, j). 

Cholesterol-[4-‘*CJ (lc) is not a precursor of 
aplysterol (lq); A. fistuluri.9 only converts this 
compound into Sa-cholestanol (3c). A filter or 

suspension feeder that is free of algal symbionts and 
that does not synthesize sterols or modify dietary 
sterols should have cholesterol (lc) as its main sterol. 
L~phogorgia spp. from Pacific Mexico are typical 
examples.’ But there is relatively little cholesterol (lc) 
in A. fistuhuis (Table 1). Perhaps this sponge has a 
mechanism to selectively eliminate specific sterols, 
including cholesterol (lc), as recent work suggests that 
A.jistuhis is capable ofexuding some natural products 
into sea water.32*33 

Our results leave the problem of the origin of 
epicodisterol (lb) unsolved. Might it be that symbiotic 
micro-organisms living in the spor.~ge~~ produce 
desmosterol (lad) or epicodisterol (lb) which the 
sponge then converts into 2Sdehydroaplysterol (ln)? 
This explanation is in conflict with the published 
observation’l that mevalonate fed to a Verongia 
(= Aplysinu) sp. is not converted into sterols. 

EXPERIMENTAL 

General. For separation of sterol mixtures we wed Waten 
HPL.C equipment (M6000, M6000A and M45 pumps, U6K 
injector, R401 and R403 differential refractometers) and also a 
Rhaxiync model 7120 and a Vako model CV-HJHPa-N60 

‘i-7 = zd 

Fig. 1. Structurea of the staol nucki and of sckctai ride cbaina Tbc structures of side chains ti am given in 
Table 1. 
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1082 C. A. N. CATALAN et al. 

injector. The columns were Whatman M9 10/M ODS-2 or 
Whatman M40 lo/50 ODS-2 for the first separation step, and 
two Altex Ultrasphere ODS columns (5 m 10 mm i.d. x 25 
cm) for further purification. Note that the point of injection, 
and not the beginning of the solvent peak, was used to calcu- 
late (relative) retention times in HPLC. The purity of HPLC 
fractions was checked by GC using a Hewlett-Packard model 
402 gas chromatograph with FID (3% SP2250 column, 2 mm 
i.d. x 1.80 m, 260”). Preparative GC was performed with the 
same instrument using a 3% 0V25 column (6 mm i.d. x 1.80 m. 
265”) and an effluent splitter. Low resolution mass spectra 
were recorded with a Varian MAT44 mass spectrometer 
(probe or capillary SE54 column, 9 m, 260”) or with a MAT- 
711 mass spectrometer (probe); 360 MHz NMR spectra on a 
Brucker HXS-360 NMR instrument; and MO MHz NMR 
spectra on an instrument consisting of a Nicolet NIC 1180 
data system and an Oxford Instruments magnet. Radio- 
activity wasdetermined with a Beckman LS75OOliquid scintil- 
lation counter. 

Collection 01 sponge. Aplysina fistdoris Pallas (1766) 
(= Verongia thiona, V. aureq Spongia filua) was collected 
intertidally at Casa Cove, La Jolla, California, at 0 to -5 m 
(depths corrected for tidal height). A..fistolaris occurs in at least 
two forms which differ in their natural products chemistry.ss 
We used the shallow water form ( c 5 m) which contains a 9 : 1 
mixture of aerothionin and homoaerothionin.s5 Specimens 
were collected not more than 2 hr before the start of an 
experiment, and were transferred to the La Jolla laboratory in 
cool, aerated sea water. 

Incorporation experiments. The radiolabeled precursor was 
dissolved in a minimum amount (< 1 ml) of ether and then 
poured into a 1 gal glass jar containing 2 I of unfiltered sea 
water. The contents of thejar were continuously aerated using 
a standard aquarium pump with a sintered glass inlet and 
maintained at ambient ocean surface temp (- 13”) in a cold 
room with a 12 hr light cycle. A single sponge, weighing 
approx. 3O+l g (wet weight), which was still attached to its 
rock substratum, was transferred to the jar after 1 hr and 
maintained for 2 days.‘6 After this time a continuous flow of 
surface sea water was added to the jar for up to 28 days. All 
sponges harvested after being maintained in the lab for 30 days 
looked very healthy. Two experiments (with lg and lb) had to 
be terminated early (after 12 days, Table 3) because of 
deterioration of the sponges caused by problems with the 
running sea water supply. Incorporation experiments were 
terminated by placing the sponges in polyethylene containers 
with EtOH in which they were shipped to Stanford University. 

Isolation of sterols. The alcohol was decanted and the 
sponge was homogenixed in 1: 1 CHCl,-MeGH in a Waring 
Blender. The homogenate was filtered, the material on the 
filter was again homogenized in CHCI,-MeGH and then 
filtered, and the process was repeated. The filtrates and the 
decantate were combined, the solvent evaporated, and the 
residue partitioned between CHCI, and water. Sterols were 
isolated from the residue of the CHCI, layer by silica gel 
column chromatography using hexaneether mixtures. The 
crude, free sterols were saponified and the neutral 
unsaponitiables further purified over a silica gel column. In a 
representative experiment, a sponge of 83 g wet weight gave 
1.1 g of extract from which 95.8 mg of pure sterols were 
obtained. 

Separationandidentificationojthefreestero1sofA.fistulari.s 
Most of the components of the mixture (Table 1) were 
identified using 360 MHz NMR; the remaining compounds 
were identified on the basis of their mass spectra and their 
relative retention times (RRT) both in GC and reverse phase 
HPLC. 

Fractionation of the total free sterols of A. fistdoris by 
HPLC using an ODS-2 column and abs MeGH afforded eight 
fractions as shown in Fig. 2. For further purification Altex 
columns were used together with abs MeGH, or CHsCN- 
MeOH-EtOAc 22:9:9 (“solvent mixture B”), or THF- 
MeGH-water 3 : 3 : 1 (“solvent mixture C”). It should be stated 
that the purification of any radioactive compound was 

I I 

0 30 

Time hnutes) 

Fig 2 HPLC trace of the free sterols of A.fistuhris (Whatman 
M9 lo/50 ODS-2 column, absolute MeOH, Bow 3.5 ml/min, 

injection volume 2.5 ml (2 mg of sterol mixture/ml)). 

continued until its specific radioactivity remained constant 
after at least three successive purifications with different 
solvents, after it was pure by GC and HPLC. Purification was 
also stopped when a fraction was cold, i.e. when its speciiic 
activity was less than 250 dpm/mg (= 20 x background). In 
the sequel we will describe in detail the work-up of the above 
eight ODS-2 fractions (Fig. 2). 

Fraction I showed two peaks in GC. The component with 
the shorter RT was la ; after separation by preparative GC the 
secondpeakwasshownby36OMHzNMRtobeal:lmixture 
of lg and lb. 

Fraction IIa contained le and traces of If. 
Fraction IIb contained ld, lm, and also some la because of 

contamination with the next fraction. 
Fraction III. la was the main component; minor 

components were lc and 11 This fraction was re- 
chromatographed over the ODS-2 column (MeGH) and the 
tail of the peak was collected separately. The first part of the 
peak was practically pure ln, which was further purified by 
repeated rkchromatography over Altex columns:~(i) MeGH, 
flow 3.0 ml/mitt. RT 52.2 min (cholesterol : RT 53.0 min): (ii) 
mixture B, ‘flow ‘3.0 ml/min, RT 46 min (cholesterol : RT’g.6 
min); (iii) MeOH. The above tail fraction was passed through 
Altex columns (mixture B, flow 3.0 ml/min) to separate 
cholesterol(RT50min)andasmall amount of lt(RT 51.2min) 
from the main peak (RT 46.5 min) caused by a mixture of lo 
and 11 (ratio of lo: II = 3.5: 1). Isofucosterol (II) was isolated 
from this mixture by means of two successive runs through 
Altex columns (MeOH, tlow 2.5 ml/min; II : RT 72 min ; la: 
RT 70.2 min). Further purification of II using Ahex columns 
and solvent mixture C. and then again MeOH was done after 
the feeding experiment with If. It should be noted that lu and 
II cannot be separated using Altex columns with MeGH, or 
solvent mixture B or C. We have shown by 360 MHz NMR 
that A.fistularis contained only II. 

Fraction IV consisted mainly of lc with minor amounts of 
la, 11, lk and la HPLC over Altex columns (MeGH, flow 3.0 
ml/min) divided Fraction IV into five subfractions : IVa (ln, 
RT 52.2 min), IVb (le, RT 53 mink IVc (11, RT 54.5 minh IVd 
(lk, RT 56.5 min) and IVe (Is, RT 58.5 min). Only after the 
feeding experiment with cholesterol-[4-‘4C] was the lc 
fraction IVb further purilied using Altex columns with (i) 
mixture B, (ii) mixture C, and (iii) MeGH. The material of 
subfraction IVc (95% pure It) was rechromatographed over 
Altexcolumnsfollowing thesequence MeOH,(ii)mixture. B, 
and (iii) mixture C. Subfractions IVd and IVe were worked up 
in the same manner as subfraction IVc. 
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Framm V of the ODSZ scprrrtlon g~vc four peaks tn GC 
wlIhRRTIO(cbo~~nol[&]LI 33(IL~2OO(Sqland213 
(IO) Thcw ratio was 2 9 I 8 That stcrob could not k 
rprrrtodomAltercolumnswbeaMeOHwuwadudurnt. 
bur 1 Mute scpuatron wrrobtaInuJ rnth solvent m~aturc B 
(Row 3 0ml;mIn) Thecompounds wcrcdutcd In tkordcr 3q 
(RT52mm).Ir(RT55rmn).Il.J(RTJ7 5mmlZc(RT6l mml 
Each wmpound wu fur&r rcchroautogrphod over Alter 
columns ustng rgam ~lvcot nuxturr B. then mrxturc C. rnd 
finally McOH 

FrnffIon VI comamod lo. p u an cpuncnc mIrturc It wu 
punfind to rtxtst~t spcnfx rcctnty usat Alter ajlumns and 
(I) McOH. (II) solvcm mt1Iurc B. 1bd (III) solvent mixture C 

)‘rotrton VII Aplystcrol (I@ was cascn111lly the only 
conrkucnt It wu pun&d IO the urnc mrnncr as lo. p 
(fr1ctIon VI) 

Prcpocorton o/ tnocsrrr gy N1OH (0 24 g . 5U’. tn 011. 5 
mmol) wu placzd In 1 Enakaf ll& and the 011 was mnovd 
by ruhog tk suspcnsron twta rnth mhyd ether The bax 
wuru.spcndadIn25mld1nhydDMF1ndO72ml(5mmollof 
cIhyl2-mcIhyl1crtorat1Iewcrc1ddaJdropwIscrotks11rrcd 
suspcnsuxt AflcraouIIon of H, cvolutlon. 8OOmg( I 7 mmoll 
of Ihc Iodtdc” 81 dusolvcd In ether (3 ml) was rlowly dropped 
mtothcllulrand tkmtrIurchutaltn1noIlbathrt IO0 1 IO’ 
for2OmIn AfIcrcoolmg.tkrmxIurcwupouradtnto IOOmlof 
tuc-w1ter rnd crtrac~cd wtth crhcr (4 x 20 ml) The organic 
phuc was w&cd with w11cr. I’, HCl. w11cr. I’. NaHCO, 
and w1tcr Aflcr drying (MgSO,) rnd cv1pxatton of Ihc 
solvcnl rk crude By wu punkd ova 1 ultu gel column *nth 
kr1ntcIhcrll I uanclucnrtoy~cld 585m8(7l*,)dtt1rrn 
oII MS (MAT441 70 cV (prokl. m;r (rcl Int I 486 (M ‘. W. 
471(9L454(12).431(15L255(1IL?I3051.55(100l 

3x5. c-y&. 6/l. mrrhoxy - 24R. mrrLy/. 27. runrkhsran. 
25-on(Rxb~oIld1rs24ScrpcmrrR~ TkkcIoutcr8y(Xr)mgl 
~1s sapontkd rnd dsurborylrtcd by rcflurtng I 5 hr *7th 
100 ml of FtOH rnd 50 ml of 6 N KOH The mtrturc was 
conantrrtad IO one-half of IIS volume. 50 ml of w1Icr was 
rddcd 1nd II was lhcn crtrxtad wrth crhcr (4 x 25 mll The 
orgamc layer YU wuhd with waler. 7. HCl. water. I’, 
NaHCO, and war Aflcr drpng and cvrporrnon of the 
solvent 44tJ mg (w;) of 1 50 50 mtrrurc of tk cplmcnc 
kctoncs8a8and&bwuobIatnndwhrchcouldbcu~m1cd by 
HPLC on Alro columns usmg YcOH wnth (P. water as an 
clucnt lhc NMR &IJ for both ketones 1rc m&&d In T1hlc 
3 MS(MAT~7lIL70cV(prok).m’:(rcl Intl 4ll(M’.731. 
\99(39l.382(100l.359(58),261(17L255(23l.213(16L43(U1 

Prrpurorton 4 mrrh~l-[ “C]-rrvphtnylphospkmww todrdr 
SIX break--l rmpoukr uch contamIng I mCt of [“Cl- 
methyl toddc(spaaftc 1ct1vcty 58 mCt:mmollwcrccoolaJ tn 
Dry Ice. the seals broken rnd I5 mg of tnphcnylphorphmc 
dIssulvcd In 0 I ml of rnhyd hcnzrnc quIctly Introduced Into 
each nal After scrltng. the unpoulcs wcrc kcpc 11 room tcmp 
for 3 days. Ihc supcmaI1nt 11s p~petrcd ofi rnd the crystals 
wcrc w1shcd vnIh bcnrcnc rnd then t1kcn out of Ihc nils 
d~svolvcdmabsolutcMcOH(3 x 0 5ml) Tkmcth1nolusolns 
from the YI ampuula wcrc cornbInd 1nd the solvent blown 
olT wrth l nhyd N, The rcmduc was kept In 1 vacuum 
dcscuxtor for 24 hr. the ntrcous matcnal wu covcrcd with 
hcnacnc whtch after ocxa.stonal snrnng Induced the 
ayst1lltaaIton of Ihc wit The supcm1trnt benzene Y(LI 
daantaJartdIhcsolIdw1shhadtw1ccwIth1nhydcthcr1ndkcpI 
In the deuaator under v1cuum 4lt hr YIcld 464 mg (PP, 
bm( on MCI) spcctlic l ct1v11y 56 mCt. mmoll 

Cnlurrrol-[ 26 “CJ Md cprr&srcrol-[ 26”C’J t-mcrhyf 
r1krs(8gMd~l [Ph,P1*CH,]I(139m8342~ol)wu 
placed m a 4 ml roll wIIh sIImn8 kr and then sulal with 1 
scrumrtoppcr AftcrllushIngtkvtalwuh1nhydN, bymans 
of Inlet rnd ou~lct nccdkr0 5 ml dcrhcr (freshly dnttllaf from 
LAH and kept over Nal followed by 2X ~I(67 rmol) of 2 4 M 
soln of n.BuLt In hcr1nc wcrc Introduced Aflcr 3 hr 11 room 
tcmp 309m8(74~mol)ofthccptmcncmtrturcof~and~ 
(I 1) dtssolvcd In ether (I 0 mll wti Introduad Into Ihc 
reaLlIon v-111 which ~1s kcpr at room tcmp for 3 dryr vlth 
contmuous magncttc sttrnng The solvent ~1s Ihcn Mown o8 

1nd tk mIduc trrnsfcrmd IO 1 rrmll ulvx ~1 column (4 gl 
wxb krrntctkr 9 I (3 x I ml); tk sunc solvcstt mixture 
was urad to dutc Ihc ctbcrs Q and & Thu cpuncnc tntxIurc 
could bc scpurtod by rcwrr phu HPLC [Alter columns. 
M&H-wrier 98 2 f3ow 3 0 ml/mm. IoJcuton volutnc 0 5 ml 

(timg/ml~] Coduurol-(~‘r]r-m*hyl*bcr(~)huRT 
I44 mm. cpscod~stcrol-(26°C) r-methyl ctbcr (aI hu RT 
I46 mm 

Byrahrom1togr1phtn8cuhpak.((and~wcrcobtatnad 
97, pure u dctcnntned In a ~rallcl -muon uung ‘cold- 
m1tcnal (Punty ulcul11cd from tk 18.MC sign11 r1IIo tn the 
WI0 MHz NMR sPatrum (C,D,) of tk free stcrols. 
cpuxxlIstcrol(Ig.l C~l8dO655.codu1crol(lbl C-186066X 

ppm I 
Codrs1crof.[26”C] (lgl To llg (2% mgl dissolved In 

dlo11nc (2 ml) was added 04 ml of 5’. rqucous wln of p 
tolucncsulfomc &Id 1nd the mtxturc was r&rod for I 5 hr 
After woltng the wln wti dIlutcd *?th crhcr (I 5 ml). wuhcd 
with w1Icr (2 x 2 ml) ?. N1HC0, (3 mll, w1tcr rnd dncd 
( MgSO,) AfIcr solvent cv1por1IIon. the raduc wudlssolvcd 
tn McOH (I ml) rnd chromatogmpkd through Ahcx 
columns vlth McOH u ducnt (Row raw 3 0 ml ‘mm. RT 44 5 
mm) IO ytcid 2 5 mg of lrkkd s~crol (Ill?, husd on the 
phocphomumultl Spccskx~~nty %mCI,mmd 3OOMHt 
NMR (C&l (uugnmcnt 6 [muhlphaty] J In HZI Cl8H 
t_l668(sl.CI9-HO945(s).C2I-HO987(dl65.C27-H 16W(hr 
sl.C21.H 1035(dl69.C2&H48llt(d) 1351nd483l(hrsl 

~.prcod1~1rrol-[26”C] (lbl By the same procadurc u 
above 1nd from 3 28 mg of & 2 7 mg of lrbclcd lb YU 
obI1Incdaftcr HPLCpunfiutIon(Aow r1tc 3Omllmtn.RT45 
mm) Ytcld W. Spsclk act~nty 57 mCI.mmol 300 Mllr 
NMR (C,D,I (1ssrgnmcn1 b (multtpltaIy J In HZI Cl&H 
0655(s1.(‘19-H0%4(sl.C2I-H0991(6166.C27-H I647tbr 
rl.C2ll-II IO42(dl69:C-26H 4 785(d) I 2 and 4 798(hr sl 

2CKcrock>lrsI~rof wwhyl eikr (8~) FiJtUfd If Iwl1Iaf 
hy prcpar1tIrc 1rmIIc TLC” of the MIIU of Ihc stcrol 
mlaturc from sofl corals from PJ1u wkrc II ts Ihc mrtn 
stcrol” was rrc11cd vlth ~osyl chlondc In pyndmc followal by 
KOAc tn rnhyd HcOH tn the usual fathum” to ytcld 81 as 
1n 011 MS ofgf(MAT-411 7OcV (probe). mcz (rcl Int I 412 
(M-.1 5l.397(2L3ttO(?L357(5l.328(3L313(41296(4L285(6L 
253(I1).227(51.2I3(6).201(4l.55(100l ThcprnIatcdokfin# 
(6Omg)wasdIssolvedtnCH,CI,(I0mll.Iwodro~ofpyndInc 
were rddcd and the solunon was orontzcd 11 - 70’ After the 
usual work up. the kctonc 8x was punfiad hy column 
chromatogrrph) on nlta gel usmghcxane ethyl rcctatc93 7 
1s ducnt rod funkr punficd by HPLC (ODS-2. McOHl IO 
y~cld 33 mg (5f:l of pure &c m p 93 95 wx) MHz NMR 
(CfXl,l(d (multtplIaIy. numkr of protons. J]l 3 320(& 3HL 
2 76ft (I. I H. 2 8). I 089 (d. 6H. 6 Xl. I 017 (s. PHI. 0 907 (d. 3H. 
65l.07100.3Hl.0644(1. IH.5OlrndO42lt(dd. IH.801nd 
50) MS(MATUl.70cV.prok.mtr(rcl tnt I 4ll(M’. 171 
399(12L3R2(23L359(25~261(5L:55(I6~213(I91.71(1~, 

24~fnh,/~k?&urrrrl.(?g’LC] (Ill Usmg tk proudurc 
dcxnbad for prePann I1bdcd I8 but wIIh 8x Instead of &a 
rnd &h for the WIIII~ reaction. 7 0 mg of tk I ~1s obtrmcd 
from 29 mg of 8ac After rcmovmg the protcctcng group and 
final punficahnn of the fm sIcrol by HPLC’ (Alter. MeOH. 
flow rate 3 ml mtn. RT 46 3 mtnl. 60 mg of I~bdcd If wcrc 
ohtatncd Ytcld 45*_ (hascd on Ihc amount of phocphontum 
ult cmploycdl Spcc~hc rcttvity 54 mCt mmnl 
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