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Abstract - The datailed mechanism of the formation of (24S)-24-isopropenylcholesterol, the key
intermediate in the bloaynthesis of 26-1scpropylcholesterol, was studied in a PRasudaxinvsaa
sponge species. A stersoselective alkylation at C28 of (iso)fucostercl was dsmonstrated invel-
ving a regloselective hydrogen migration. '

INTRODUCTION

In our previous investigation of the biosynthesis of 24-isopropyl sterols in a Rseudaxi-
nysga sponge species we estabished the major biosynthetic pathway whereby 24-isopropylcholes-
teroll is formed through triple bioalkylation. Although this sterol (1), together with its 22-
dehydro analog (2), comprises 98% of the total sponge sterol mixture, no advantage can be taken
of the efficient incorporation of precursors into these sterols to study the stereochemistry and
regloselectivity in the earlier steps of their biosynthesis. This is dus to a lack of functional
groups close to the site of bloalkylation that can be utilized in an appropriate chemical
degradation.

(245)-24-Isopropenylcholestsrol {3h), vhich meets these requirements, is only present to
the extent of 18 of the total sterol mixture, To overcome the problem of its low sbundance, a
synthetic co-carrier has to be added. Such dilution with a cold co-carrier will not result in a
problem of low specific activity since the specific activity of this sterol (3s) was the highest
of all biosynthetic intermediates in our praviousl expsriment with [28-1"‘61-2&-nothylenacholes-
terol (4) and (22-T)-24-ethylidenecholestexol (5). ‘Therefore, incorporation of a specifically
labelled [26(27)-T]-24-methylenecholesterol (4b) could offer insight into the detailed mechanism
of regioselective hydrogen migration.

In the preceding paper,1 we considered ths four possible conformations with the migrating
hydrogen perpendicular to the plane of the key carbocation intermediate 3; we concluded that
only two of these conformations (presented as A and D in Scheas 2) can afford the natural 24(S)-
24-isopropenylcholesterol (3b). Hydrogen migration along path A; will give an olefin a, which
will retain all the tritium label through the sequances 1, ii and 11l of chenical transforma.
tion. The alternative migration along path D,, which will afford the natural 3b, will give a
mixture of olefins (,42,43) with about 17% loss of the initial radiocactivity (ignoring possible
isotope effects). The radioactivity of this sterol mixture will not change when subjected to
transformation { (protection). loss of radicactivity should oceur in the next step 4l (ozonoly-
sis). due to component ﬂi and a complste loss of activity is to be expected at the final step 14
(base exchange). Intermediate values of loss of radicactivity should correspond to a partial
regiosslectivity involving hyrogen migrations from both positions 25 and 28 in a ratio which
could be presented as the difference between loss of activity at step 14 (ozonolysis) and step
411 <(hydrogen exchsnge). The eatablishment of the regioselectivity would further allow the
establighment of the site of the final biocalkylation, since the corresponding conformation A
arises from o-face alkylation, while conformation D is the result of an attack from the g-face.

RESULTE AND DISCUSSION

For the synthesis (Schems 3) of [26(27)-T]-24-methylenecholesterol (4b), the lodide 6 was
obtained via & literature proccéutaz and was trsated with the dianion ] from sthyl scetoacetate,
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generated by the method of Voilov,3 to produce the ksto ester §. Contrary to sxpected results,
the, attempted alkylation of the dianion from methyl 2-methylacetoacetate with iocdids § under
similar conditions failed, necessitating a separate alkylation step to comvert 8 into $. ~After
reduction of the keto ester § with excess lithium sluminius hydride, the diol 10 was selectively
proteated as the monosilyl ether 11% and then oxidized to the ketone 12 with pyridinfus . dichro-
mate in DMF.° The conrveraion of ketons 12 to the 24-methylene derivative 13 was eéffected’ by
neans of a Wittig reaction which was sccompanied by psrtial elimination to the - éortc-ponding
conjugated dieme. The latter product was most comveniently removed by chromatography after de-
silylation of the crude product 13 to the more polar alcohol 14. MMR evidence suggests that
alcohol 14 ia formed as a mixture of diasteveomers in roughly equal amounts. The corresponding
tosylate 13 was cleanly reduced to 17s with lithiua aluminium deuteride. Alternatively, tosy-
late L5 was first converted to the fodide 1§, which resoted slowly with sodium borodsuteride in
DMSO at room t:enpotat\u:os to furnish a mixture of 173 and unreacted iodide. The remaining
starting material vas then reduced to completion with lithium aluminiuwm deuteride. Acid-cata-
lyzed . hiydrolysis of the i-mathyl ether }la then completed the synthesis of 4. The final
product was fdentified by its ¥MR &nd massispectra.  We significant isomerzzation of the double
bond to produce desmosterol occurred duridg this sequence. Finslly, the conversion of the
iodide 16 . vo the tritiated product &b’wes performed wnder identical conditfiors to those om-
ployed for 4a, except that tritium-labelled sodium borohydride was used, followed by cold
lithium aluminium hydride to remove unreacted iodide.

Two alternative syntheses of the key intermediate 12 were also investigated (Scheme 2), but
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proved fruitless. All attempts to' react iodide § (or the corresponding tosylate) with enolate
18 fafled, even under forcing conditions (THP-FMPA, 18-crown-6, reflux). The only identifiasble
products, apart from unreacted starting material § wers the olefin 13 and sslf-condensation
products of the enolate. . Furthermors, attempts to selactively reducs the ester molety of the
keto ester § by pricr protsction of the ketons function as its enol silyk 21 failed as only
complex product mixtures snsued.

Incubation of the sponge Pesudaxinvase 9. with [26(27)-T]-24-methylenecholesterel (4h)

according to an sarlier described field method! furnished the desired labelled (248)-24-1s0pro-
penylcholesterol (3b). A cold co-carrier of a mixturs of (24R) (3g) and (248) (3h) sterols was
addad, followed by protection of the free sterols in the form of i-methyl sthars (M) and ozono-
lysis. By monitoring the specific activity slong the ssqusnce of performed chnical transforma-
tion 4 --> 44, it was established that the specific activity of 3.83 x 108 dpi/maol rmlmd
constant durin; the cheaiqal transformations, although the total activity dropped from 3.6 x 10%
dpm to 2.8 x 10° dpm in agyesmsent with an overall yield of 78% for the above sequence. No change
was datected after an attempted hydrogen exhangs (cf. 4i{ in Schems 2) in the resulting ketone
4.
2 Therefors ws conclude that there is ne tritium bound dirsctly to the doubls bomd . (dy) in
(245)-24-isopropenylcholesterol (3h) nor is there a tritium bownd to the methyl group (C26{27))
adiszcent to the double bond (ﬂz). This confirms a regioselective (H28 --> C24) H-migration along
pathvay Ay rather than D, amd leads us to the conclusion that ‘He* attacks thw double bond of
(isc)fucosterol (3a.58) from the a-face ef the moleculs in the final bioalkylation step.
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EXPERIMENTAL SECTION

- A dispexsion of NaH in mineral oil (1.29 g of 57% centent, 31 mmol) in 45 al of

THF wes cooled to 0° C. Ethyl acetoacetate (3.19 g, 25 mmol) was &8déd in 10 ml of THF,
followed after 5 min by ne«dutyllithive (19 ml of 1.3 M solution, 23 mmol). After stirring
the resulting dianion.solution. for 10 min at 0 C, 1odide § (0.78 g, 1.71 mmol) was added in 5
ml of THF and stirring was continued for 2 h at room temperaturs. The reaction was then
quenched vith water, diluted with 50 ml of ether, washed several times with aquecus NaCl, dried
with ug‘so,,. and svapoxated to dxyness. Flash chromatography over silica gel (elution with 58
EtOAc-hexane) provided 0.55 g (70%) of the keto ester 8, Rf 0.64 (208 EtOAc-hexane), MNMR (60
MHz) 4.1 (q, 2H), 3,33 (s, 28), 3.20 (s, 3H), 1.20 (t, 3H), 0.93 (s, 3H), 0.65 (s, 3H).

. TKeto ester § (0.46 g, 1.00 mmol) and freshly sublimed potassium t-butoxide
(118 mg, 1.05 mmol) were stirred in 5 ml of dry THF for 5 min. Methyl 1odfide (0.075 ml, 1.2
maol) was added and the mixture was allowed to stir 24 h at room temperature. Workup as for keto
ester § sfforded, after t’lnh.,ch:mcop.ph{, 0.46 g (97%) of the desired product 9, Rf 0.70
(208 EtOAc-hexane); IR (film) 1735, 1707 ca™*; MR (300 MHz) 4.19 (q, J=7.1 Hz, 2H), 3.52 (crude
q, 1H), 3.32 (s, 3H), 1.33 (4, J~7.0 Hz, 3H), 1.27 (t, J=7.1 Hz, 3H), 1.02 (s, 3H), 0.90 (4,
J=6.4 Hz, 3H), 0.71 (=, 3H).
. Keto ester 9 (114 mg, 0.24 mmol) and uAIB,‘ (100 mg, 2.6 mmol) were
stirred for 1.5 h in 5 ml of dry THF. The mixture was treated with excess EtOAc, then with a
ninimum quantity of water and was filtered through a short column containing a layer of MgSO
between two layers of Celite. The filtrate was evaporated in vacyc to provide the crude diol 10,
Rf ca 0.1 (208 EtOAc-hexane), (no C=0 stretch in the IR spectrum). The above diol, t-butyldi-
methylsilyl chloride (38 mg, 0.25 mmol) and imidazole (34 wg, 0.50 mmol) were stired for 3 h at
room temperature in 2 ml of dry DMF. The mixture was then diluted with ether, washed 3 times
with aqueous NaCl, dried with MgSO, and evaporated to dryness to afford the crude monosilyl
ether 11, Rf 0.64 (208 EtOAc-hexene). The above silyl ether was stirred for 6.3 h with freshly
prepared pyridinium dichromats (376 mg, 1.00 mmol) in 5 ml of DMF. The mixture was then ailuted
with ether, filtered threugh Celite, washed 3 times with aqueous NaCl, dried with MgSO, and
flash chrosatographed over silica gel (elution with 5% EtOAc-hsxans) to furniih 81 my (628
overall) of the silyl ether 12, Rf 0.79 (208 EtOAc-hexane); IR (film) 1709 cm™"; MR (300 MHz)
3.32 (s, 3H), 1.02 (s superimposed on d, total 6H), 0.90 (d, J=6.3 Hz, 3H), 0.87 (s, 9H), 0.71
(s, 31), 0.03 and 0.02 (s, total 6H).

. Silyl ether 12 (81 mg, 0.13 mxol) and the phosphorane freshly prepared from 1.0
mnol of methyltriphenylphosphonium iodids and n-butyllithium were stirred for 3 h in 7 ml of dry
THF. The solution was evaporated to dryness and flash chromatographed over silica gel (elution
with 208 benzene-hexans) to give the olefin 13 together with the disne elimination product, as
ascertained by NMR. The above product was dissolved in 5 ml of THF and 0.7 ml of 1 M tetra-
butylammonium fluoxide in THF was added. After 6 h, the solution was diluted with ether, washed
3 times with aqueous NaCl, dried with MgSO, and evaporated in vacyo. Flash chromatography over
silica gel (elution with 10% benzene-hexans) gave first the diens and then (elution with 10%
EtOAc-hexane) 30 mg (47% overall) of the desired alcohol L4, Rf 0.41 (208 EtOAc-hexans); IR
(£ilm) 3400, 1640 ca™"; NMR (300 MMz) 4.88 (s, 1H), 4.82 (s, 1K), 3.32 (s, 3H), 1.05 (two
closely overlapping 4, 3H), 1.02 (s, 3H), 0.94 (d, J=6.3 Hz, 3H), 0.72 (s, 3H); mass spectrum,
m/e (relative intensity, 8) 428 (4, "y, 373 (13), 296 (10), 253 (18), 161 (22), 159 (29), 147
(26), 145 (40). .

Toaylate 15. The alcohol l& (20 mg, 0.047 -omol) and freshly recrystallized p-toluenesul-
fonyl chloride (50 mg, 0.26 mmol) were stirred in 0.5 ml of pyridine for 21 h at room tempera-
ture. The mixture was then diluted with ether, washed 3 times with aqueous NaCl, dried over
MgSO, and evaporated in vacuo to afford 23 mg (858) of the desired tosylate 13, Rf 0.65 (208
EtOAc-hexane); NMR (300 MHZ) 7.78 (4, J=8 Hz, 2H), 7.34 (d, J=8 Hz, 2H), 4.77 (s, 1H), 4.70 and
4.67 (s, total 1H), 3.32 (s, 3H), 1.02 (s overlapping with d, total 6H), 0.88 (4, J=6.3 Hz, 3H),
0.70 (s, 3H).

mm_ex_:mun_xum_x.mn%. The tosylate 13 (7 mg) and LiAlD, (3 mg) were
stirred for 21 h in 1 ml of dry THF. Ethyl acetate was then added, followed by two drops of

vater., The mixture was evaporated to dryness in a stream of Ny and the residue was triturated
with hexane and dried with MgSO,. The hexane solution was chromatographed over a short column of
silica gel (elution with hexans) to afford 4 mg (808) of the 26(27)-deuterio derivative 1l7a, Rf
0.52 (508 benzene-hexane); NMR (300 MHz) 4.71 (s, 1H), 4.65 (s, 1H), 3.32 (s, 3H), 1.02 (s, 3H),
0.94 (d, J=6.3 Hz, 3H) 0.86 (d, J=7.2 Hz, 3H), 0.72 (s, 3H); mass spectrum, m/e (relative
intensity, 8) 413 (16, l("’), 398 (23), 358 (34), 328 (21), 285 (20), 253 (25).
Rmm_ﬂuﬂmum.%- The tosylate 15 was refluxed with a ca 10-fold excess of
Nal in acetone for 25 h. The mixtufe was evaporated to dryness, triturated with hexans and
chromatographed over a short column of silica gel (elution with hexans) to afford the iodide 16
quantitatively, Rf 0.44 (508 benzene-hexane); NMR (300 MHz) 4.84 (s, 1H), 4.78 (s, 1H), 3.32 (s,
3H), 1.17 (4, J=6.9 Rz, 3H), 1.02 (s, 3H), 0.94 (d, J=6.6 Hz, 3H), 0.72 (s, 3H). The above
iodide (6 mg) and NaBD, (2 mg) were stirred for 15 h in 0.15 ml of dry DMSO at room temperature.
Several drops of water were added and the mixture was extracted with 3 portions of chloroform
and passed through a short column of silica gel. NMR and TLC analysis indicated the presence of
roughly equal amounts of the starting iodide 1§ and product 17a. The crude mixture was dissolved
in 1 nl of dry THF and treated for 1.5 h with LiAlD, (10 mg). Workup as in the reduction of 15
with LiAlD,. then furnished the pure 26(27)-deuterio rivative 173, identical to that from the
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previous procedurs.

26(27) -Deuterio-24-methylidenacholestarcl 43. Product 17a, produced from fodids 16 in the
previous procedure, was dissolved in 0.5 ml of dioxsns and 0.1 ml of water containing a crystsl
of p-tolusnesulphonic acid. The mixture was hested for 1 h at 80 C, then consentrated in a
strean of nitrogen, triturated with hexane, dried over u;so and chromatographed over n short
column of silica.gel .(elution with 208 EtOAc-hexans) to: afﬂord the pure title compound 4a, Rf
0.45 (20% EtOAc-hexane); MMR (300 Miz) $.35 (crude d; 'IM), 4.71 (s, 1R), 4.65 (s, 1.!!) 1. 01 (s
averlapping- with 4, -total GH), 0.95 (4, J=6.3 Hz, 3H), 0.68 (s, 3H); mass spectrum, m/¢ (rela-
tive intensity, 8). 399 (14, M), 315 (25), 314 (90), 300 (17), 299 (27), 281 (2S), 272 (24), 2711
(54), 229 (31).

26021 -Ixitiq-24+methylidangahalastarel 4b. The title compound was Prcpn'-d from fodide 16
in the same manner as the dsuterio dsrivative s, using the tit{tium-lsbelled NaBH, (ca. 1 ng, ca
10 =Ci) followed by cold LiAlH, to rsduée any unreacted f{odide. The product was ?dmt:tc:l to 4
on TILC and contained 92 mGi ot incorporated tritium {ca. 1% incorporated tadlonedvit:y)

lmmnmn_nnnm:-

Easudaxinyssa sp. (Australian Museun specimen mugber Z4988) was collected at John Brewer
Reef, Great Barrier Reef, and was transplanted onto plastic plaguss one month prior to use. The
precursor ‘was incorporatad in duplicate specimens via 12 h aquarium inchntim and the speci-
mens were returned to the sea for 27 days before collection and analysis.
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