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CATIONIC CYCLOPENTANNELATION. SYNTHESIS OF (d,1)-XANTHOCIDIN
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Summary: A cationic cyclopentannelation reaction has been used for the key step of a
concise synthesis of (d,l)-xanthocidin. An improvement on our previously described
procedure for the preparation of 9 is reported.

A cationic e¢yclopentannelation reaction which was discovered in our laboratories2
offers an extremely direct method for the preparation of substituted alpha-methylene
cyclopentenones from simple, acyclic precursors. The efficiency of this reaction has
been demonstrated with straightforward syntheses of methylenomycin B3 and
(d,1l)-methylenomycin I We now describe a  synthesis of (d,l)-xanthocidin,5
structurally the most complex of the cyclopentane antibioties.

Xanthocidin was isolated from culture filtrates of a Streptomyces in 1966 and was
shown to have in vitro activity against E. coli and S. aureus.? Structural studies were
complicated by the 1labile nature of the compound, and the relative and absolute
stéreochemistry remained undefined until 1980 at which time a single crystal X-ray
study was published.6 The total synthesis of (d,l)-xanthocidin was first reported in
1983 by Smith? through a very ingenious route, and more recently also by Au-Yeung8 in
1985.
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Mesityl oxide 1 was the starting material for our synthesis. Catalytic

hydrosilylation9 with triethylsilane at 40° C in the presence of Wilkinson's catalyst
produced E-triethylsilyl enol ether 2 in quantitative yield. The condensation of 2
with the 4,5-diphenyloxazole derived dimethyl acetal 3'0 was mediated by trimethylsilyl
trifluoromethanesulfonate at -78° c.’' The product 4 was isolated in 81% yield as a
10/1 mixture of syn and anti diastereomers. This improvement over our earlier result32@
was achieved by careful control of the purity of the reagent and solvent. The
stereochemistry of the addition was consistent with precedent and has been raticnalized
by postulating an extended transition state.!! The diphenyloxazole group served a dual
purpose. It served as a photolabile carboxylate intermediate'2 and it also stabilized
the cyclization intermediate. Treatment of # at 0° C with potassium tert-butoxide in
THF /tert-butanol produced enone 5 in 88% yield as a single geometrical isomer. This is
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an improvement over our earlier method which used DBU,3a since with potassium
tert-butoxide, both syn and anti isomers led to a single geometric isomer, trans enone
5. The addition of the lithio anion 6 of (methoxy)methoxyallene!3 to 5 produced 7, the
substrate for the cationie cyelization reaction, 1in 86% yield. Control of alkene
geometry is crucial for the success of the cyclization reaction. The adduct of 6 with
the Z-isomer of 5 failed to undergo cyclization, presumably because the intermediate
cation was prevented from achieving planarity, and conrotatory electrocyclization was
inhibited. Exposure of T to 2,6-lutidine and trifluoroacetic anhydride in
dichloromethane at -10° C, followed by gradual warming to 0° C, produced cyclopentenone
8 in 72% yield. The unmasking of the carboxylate function was accomplished by
treatment with singlet oxygen (Sensitox, tungsten lamp) in methanol at 25° ¢, followed
by filtration of the reaction mixture through Celite and exposure to a solution
powdered potassium carbonate in methanol. 12 Methyl ester 9 was isclated in 71% yield.

The introduction of the ¢is vieinal hydroxyl groups required the protection of the
reactive exo-methylene group of 9. Treatment of 9 with a small excess of thiolacetic
acid in the presence of 2,6=lutidine in THF at -10° C, followed by slow warming to 25°
C, produced in 83% yield a 4/1 mixture of cis and trans diastereomers. The separation
of the diastereomeric mixture by flash column chromatography was straightforward, but
was unnecessary: osmylation (0sQy, pyridine, 25° C, 2-4 h) of each of the diastereomers
of 10 took place trans to the methyl carboxylate group. The osmate ester 11 was
isolated in 81% yield as a dark solid, which was characterized by "H nmr but was not
purified. After much effort it was found that the decomposition of 11 to the diol
could be accomplished by dissolving the osmate in dry dichloromethane and fitting the
flask to a drawn pipette for a hydrogen sulfide inlet. Hydrogen sulfide gas was
bubbled through the solution for 2 h at 25° C and the progress of the reaction was
monitored by tlec. During the course of the reaction the dark solution gradually
cleared with the formation of a dark precipitate, presumed to be osmium salts. Careful
removal of the solids by filtration was followed by the immediate treatment of the
solution with 0.85 equiv of DBU.A“1l After 20 min the reaction mixture was worked up to
produce (d,l)-xanthocidin methyl ester 12 in 37% yield as a pale yellow 0il.13 Methyl
ester 12, like xanthocidin, was quite unstable and was prone to undergo spontaneous
dehydration even upon storage 1in frozen benzene at -5% ¢, Notwithstanding, 12 was
converted to (d,l)-xanthocidin by hydrolysis in an ether/1IN aqueocus NaOH two-phase
mixture. The ethereal layer was monitored by tlc for dissappearance of 12. After 15
min the layers were separated, the aqueous layer was acidified to pH 3 with 10% aqueous
HCl, and was extracted twice with dichloromethane. Solvent evaporation produced
(d,1l)~xanthocidin in 26% yield. This material was identical by spectroscopic
comparison ('u nmr, ir, wuv) with the natural material isolated by Asahi,5 and the
synthetic compound prepared by Smith.7

The cationic cyclopentannelation reaction has been applied to an eleven-step total
synthesis of (d,l)-xanthocidin. The efficiency of this reaction suggests its use for
the synthesis of other cyclopentane containing natural products.
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3 (a) Et3SiH, RhC1(PPh3)3, 40° C; 100%; (b) 3, TMSOT, CHpClp, CH3CN, -78° C; 81%, 10/1
syn/anti; (c) t-BuOK, t-BuOH, THF, 0° C; 88%; (d) 6, THF, Et,0, -78° C; 86%; (e)
2,6-lutidine, TFAA, =10 to 0° C; 72%; (f) i. Sensitox, '0,, MeOH; ii. KpCO3, MeOH; 71%;
(g) CH3COSH, 2,6-lutidine, -10 to 250 C; 83%, 4/1 cis/trans; (h) 0sOy, pyridine, 25° C,
2-4 h; 81%; (i) i. H,S gas, CHyCl,; ii. DBU, CHyCly; 37%; (J) i. Et,0/ aq NaOH, 15-20
min; ii. aq HCl; extract; 26%.
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