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Sumary: 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 cyclopentannelation 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,l)-methylenomycin A.4 We now describe a synthesis of (d,l)-xanthocidin,5 

structurally the most complex of the cyclopentane antibiotics. 

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. 5 Structural studies were -- _- _- 
complicated by the labile nature of the compound, and the relative and absolute 

stereochemistry 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 Smith7 through a very ingenious route, and more recently also by Au-Yeung8 in 

1985. 

t4ethylenomycin B Methylenomycin A Xanthocidin 

Mesityl oxide 1 was the starting material for our synthesis. Catalytic 

hydrosilylationg 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" was mediated by trimethylsilyl 

trifluoromethanesulfonate at -78' C." The product 4 was isolated in 81% yield as a 

10/l mixture of syn and anti diastereomers. This improvement over our earlier result3a 

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 rationalized 

by postulating an extended transition state." The diphenyloxazole group served a dual 

purpose. It served as a photolabile carboxylate intermediate12 and it also stabilized 

the cyclization intermediate. Treatment of 4 at 0' C with potassium tert-butoxide in 

THF/m-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 cationic cyclization reaction, in 86% yield. Control of alkene 

geometry is crucial for the success of the cyclization reaction. The adduct of 6 with 

the L-isomer of 5 failed to undergo cyclization, presumably because the intermediate 

cation was prevented from achieving planarity, and conrotatory electrocyclization was 

inhibited. Exposure of 7 to 2,6-lutidine and trifluoroacetic anhydride in 

dichloromethane at -IO0 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’ C, followed 

by filtration of the reaction mixture through Celite and exposure to a solution 

powdered potassium carbonate in methanol.12 Methyl ester 9 was isolated in 71% yield. 

The introduction of the cis vicinal 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/l mixture of cis and trans diastereomers. The separation 

of the diastereomeric mixture by flash column chromatography was straightforward, but 

was unnecessary: osmylation (0~04, 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 tic. 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.14 After 20 min the reaction mixture was worked up to 

produce (d,l)-xanthocidin methyl ester 12 in 37% yield as a pale yellow oi1.15 Methyl 

ester 12, like xanthocidin, was quite unstable and was prone to undergo spontaneous 

dehydration even upon storage in frozen benzene at -5’ C. Notwithstanding, 12 was 

converted to (d,l)-xanthocidin by hydrolysis in an ether/ 1 N aqueous NaOH two-phase 

mixture. The ethereal layer was monitored by tic for dissappearance of 12. After 75 

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,l)-xanthocidin in 26% yield. This material was identical by spectroscopic 

comparison (‘H nmr, ir, uv) 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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a (a) Et3SiH, RhCl(PPh3)3, 40' C; 100%; (b) 

syn/anti; (c) t-BuOK, t-BuOH, THF, 0' C; 

3, TMSOTf, CH2C12, CH3CN, -78' C; 811, IO/l 

88%; Cd) 6, THF, Et20, -78' C; 86%; (e) 
a 

2,6-lutidine, TFAA, -IO to oo c; 72%; (f) i. Sensitox, '02, MeOH; ii. K2C03, MeOH; 71%; 

(g) CH3COSH, 2,6-lutidine, -10 to 25O c; 83%, 4/l ciskrans; (h) 0~04, pyridine, 25' C, 

2-4 h; 81%; (i) i. H2S gas, CH2C12; ii. DBU, CH2C12; 37%; (j) i. Et201 aq NaOH, 15-20 

min; ii. aq HCl; extract; 26%. 
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After the completion of this work, a model study showed that the elimination of 

thiolacetic acid in systems related to 11 could be accomplished in much higher 

yield by exposure to silver oxide/silver nitrate in ethanol. 

12: tic Rfz0.36 (50% EtOAc/hexanes); ir (neat) 3420 (br), 2960, 1740, 1708, 1260, 

1105, 1023, 1000, 928, 765 cm-'; 'H nmr (300 MHz, CDC13) 6.45 (d, 5~2 Hz, 1 H), 

5.83 (d, 5~2 Hz, 1 H), 5.00 (br s, 2 H), 3.84 (t, J=2 Hz, 1 H), 3.66 (s, 3 H), 

2.44 (septet, J=7 Hz, 1 H), 1.47 (s, 3 H), 1.07 (d, J=7 Hz, 3 H), 1.05 (d, J=7 Hz, 

3 H) ppm; mass spectrum m/e 242 CM+, weak), 224 CM+- -- H2G, 100X), 207, 181, 165, 

163, 59; exact mass calcd for Cl2Hl8O5 242.1154, found 242.1163; exact mass calcd 

for C12H1604 CM+-H20), 224.1049, found 224.1031. 
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