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Summary: The synthesis of a bicyclomycin model compound (19) has been achieved utilizing 
an efficient hydroxylation of a simple bicyclic bridgeheadcarbanion. 

Bicyclomycin 1, an antibiotic recently discovered by two groups,I was obtained from cul- 

tures of Streptomyces Sapporonensis. Bicyclomycin possesses a unique chemical structure and 

exhibits a uniquemechanism of antibacterial action; 

the known antibiotics.' 

no relation being noted to any groups of 

As part of a program directed toward the total synthesis of bicyclomycin, we wish to re- 

port a synthetic approach utilizing an efficient bridgehead anion oxidation reaction to con- 

struct the bicyclomycin ring system. 
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Readily available3 1,4-dimethyl-3-formyl-2,5_piperazinedione (1) was converted into the 

protected 3-hydroxymethyl-3-methoxy-piperazinedione 5 in four straightforward steps: 1) 1.1 

equiv toluenesulfenyl chloride/EtsN/THF,-78'C (quant. to yield A4); 2) 1.3 equiv LiAl(t-BuO)sH/ 

THF,-78'C (90% yield of 24); 3) 1.1 equiv Hg(OAc),/MeOH, 25'C, 12h (92% yield of 54); 4) t- 

BuMe,SiCl/DMF /imidazole,25'C affords g4 in 81% overall yield from 2 _* 

Reaction of 6 with 1.3 equiv LDA in THF at -78'C followed by quenching the enolate with 2 

equiv HMPA and 2.4 equiv t-butyldimethylsiloxy-3-iodopropane furnished a mixture of diastereo- 

mers 74 in 64% combined yield (isolated on a silica gel flash column;eluted with 5% MeOH in 

CH,Cl,). Removal of both silyl protecting groups from the diastereomers 1 with 2 equiv tetra- 

n-butyl ammonium flouride in THF at 25'C afforded the diastereomeric diols 84 in 83% yield. - 
Refluxing the mixture of diastereomers 8 in acetonitrile in the presence of camohorsulfonic acid5 - 

6,7 
furnished a single bicyclic hydroxymethylpiperazinedione 2 in 75% yield. 

We envisioned that the four-carbon poly-0x0 side chain of bicyclomycin could be 

from the carboxaldehyde8 derived from the hydroxymethyl moiety, such as that present 

elaborated 

in 9 _* 
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Thus, Swern' oxidation of 2 (DMSO, oxalyl chloride, CH2Cl2, Et3N) cleanly afforded the labile 

aldehyde E4 in virtually quantitative yield (IR: 1745, 1665 cm -'; NMR (CDCl3) 6 9.67, lH,s, 

RCHD). Reaction of 10 with (Et0)2POCH(CH3)C02Et and t-BuOK in THF provided a 1:1.3/E:Z mixture 

of olefins 134 and G4 (33% combined yield) and quite surprisingly, deformylated derivative 11 
10 

- - - 

(34%). This unexpected deformylation must result from the collapse of the intermediate oxy- 

anion addition product (15) of the Horner-Emmons reagent and aldehyde lo, expelling bridgehead 

carbanion l6_, which is then protonated upon work-up to furnish 11. 

The structure of 11 
10 

- was confirmed by comparison to an authentic sample prepared from 3 - 

in five steps: 1) 0.1 N NaOH/THF provides 20; 2)l.l equiv Hg(OAc)2/MeOH provides 21; 3)1.2 

equiv LDA/THF, -78OC followed by addition of 3 equiv ally1 bromide provides 11; 4) B2H6/THF, 

then 1 N NaOH/30% H202 provides 23; 5) camphorsulfonic acid/ acetonitrile, reflux affords 11 - 

in 13% overall yield from 3 _* 

20 R,= S+e, R2=H 

a RI= 0Me,R2= H 

a Rl=OMe,R2=CH2CH=CH2 

23 RI=OM~,R~=(CH~)~OH 

This unexpected deformylation reaction prompted us to investigate the bridgehead carbanion 

chemistry 
11 

of fl and 12. Treatment of 11 with 1.3 equiv t-butyllithium in THF at -78OC, - - 

followed by quenching with 5 equiv CH31 afforded c4 as the major product plus a small amount 

of 184 (3:1, respectively, 54% combined based on recovered 11). The preponderance of 17 - - 
formed indicates that for 11 the methine proton adjacent to the methylene is slightly more acidic - 
than the methine adjacent to the ether-oxygen; neither proton exchanges (3 days) in CD30D 

containing 1 equiv NaOMe. 

Thus, conversion of 9 into the corresponding silyl ether 124 was accomplished in the - - 

standard manner (t-BuMe2SiCl/DMF/imidazole, quant.). Treatment of 12 with 1.5 equiv t-butyl- 

lithium in THF at -78OC, followed by addition of MoOPH" afforded bicyclomycin model 1913 - 

in 62% yield (48% conversion). 

Synthesis of 19 constitutes the first successful approach to a piperazinedione nucleus - 

bearing the substitution pattern present in the bicyclomycin ring system. Application of 

these strategies to a total synthesis of bicyclomycin is currently under investigation in 

these laboratories. 
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