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Asymmetric Synthesis of the Hydraxylamino Sugar of Calicheamicin 
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Abstract, A ste~hemically general procedure for the conversion of 2,3epoxyalcohols to N-alkoxy 
oxazolidinones via the DBU promoted cyclizations of 2,3cpoxy-N-alkoxyun~haneurethanes has been developed and applied 
to the first asymmetric synthesis of the calicheamicin hyclroxylamino sugar, 7. 

Aryl tetrasacchakle 1 has been identified as the major DNA binding and mcognition substructure of 

calicheamicin, a potent double strand DNA-cleaving enediyne antibiotic that binds and cleaves DNA fmm within the 

minor gmove. *2 Oligosaccharide 1 contains several novel structural elements that presumably connibute to the 

DNA portion-bong properties,~~dej including the 2,4,~~~oxy-~~o sugar (B residue) and the 

hydroxylamino linkage connecting the A and B x&dues. In anticipation that conjugates of aryl tetrasaccharide 1 @ 

= H) or its stereoisomers can he used to increase the specifiiity of DNA binding of other &rape&c agents,3 we 

have initiated a program focusing on the development of a stemochemically general synthesis of 1 (R = H). In the 

preceding communication we described a simple asymmetric synthesis of the thio sugar 4 involving neighboring 

group assisted delivery of a sulfur nucleophiie to C(J) of the epoxyalcohol precursor (e.g., 2 + 3>.4 We report 

herein an analogous and equally stightf&ward method for the synthesis of 4-hydroxylamino sugar 7 via the base 

catalyzed cyclizations of N-alkoxyurethane S56 

1, calicheamicin afyl tetrasaccharkk 
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We originally planned to synthesize the requisite N-alkoxyurethanes (e.g., 5) via the reaction of suitable 2,3- 

epoxyalcohols with an N-alkoxyisocyanate. However, in view of a report that methoxyisocyanate is stable only at 

temperatums below gOoK, and because preliminary cffort~ to generate PhCHzON=C=K) in situ from the reaction of 

carbonyl diimidaaole (CDI) and o-benxyl h~xyl~ were note REoIpBging we developed a stepwise procedure 

illustrated by the conversion of 8 to 9. Thus, treatment of epoxyalcohol 86a with 1.5 equiv. of CDI in TIP 

followed by treatment of the mete acyl imldaxolide with 3 equiv. of O-benxyl hydroxylami&l and catalytic 

DMAP in acetonitrlle provided 99 in 87% yield This procedure was also applied to epoxyalcohols 11.4 14,tu and 

1710 which provided I2 (88% yield), 15 (96% yield) aud 18 (79% yield), respectively. Cyclixation of O-acyl 

hydroxamates 9,12,15 and 18 was accomplished by exposure to DBU in THF containing suspended 4 A 
molecular sieves. lf sieves were not included, hydrolysis of the N-(benxyloxy)oxazolidinones was observed in 

several cases. In this way, N-(benzyloxy)oxaxoiidinones IO, W, 16 and 19 were obtained in 88-9395 yield (69- 

89% for the thme step sequence from the epoxyakohol pn~ursors). Single regioisomers were obtained in the 

cyclixations of 9 and IS (e-0 epoxy alcohol s~he~s~; the ~~oli~one products thus have rrans 

configuration), but mixtures of acyl transfer isomers were obtained in the cyclixations of 12 and 18 derived from 

threu epoxyakohols 11 and 17. The primary cyclization products E3a and 1%~ in ihesc cases have cis 

oxaxolidinone stereochemistry and therefore are sensitive to acyl transfer. This is not a serious problem, however, 

since hydrolysis of these mixtures lead to a single hydroxylamine in each case. 

DBU, THF, 23=C 
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It is noteworthy that the ~c~tio~ of 9,12,15 and 18 occur under much milder conditions than 

analogous base promoted cyclizations of 2,3~~~~~s,~ presumably due to the gmater acidity of the N- 

alkoxyurethanes.1 1 The epoxy N-alkoxyumthane cyclixations are also considerably milder than the bimolecular 
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asymmetric synthesis of the calicheamicin hydroxylamino sugar (7). These cyclixation reactions proceed under 

exceptionally mild conditions and appear ideally suited for use in the synthesis of the caIicheamicin ABE core 

trisaccharide. Additional progress towards this goal will be reported in due course. 
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