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Diastereoselective Synthesis of Methyl a-Kedarosaminide, a Carbohydrate 
Moiety of the Enediyne Antitumor Antibiotic Kedarcidin Chromophore 

Tatjam Vuljank, Jan Kihlberg* and Peter Somfai* 

orgaoie c-aY 2, Lund hstitute of Technology. University of Lund, P.O. Box 124, s-221 00 hmtj, SW& 

AbrhcL- Methyl a-kcdarosaminidc (9X a carbohydrate moiety of the adiync antitmnor aotibiotic 
kdmzidin &mmophy. was synthesi fmm D-tbmonine. Stamselective rednclioa of the ally1 ketone 5 
dpivcd from Dttaeomne was a key step in the syothcsis. which was atdlkvd by osiag Me4NBH(OAc~ for 
lnInmlo~hydri&&liV~. 

The enediyne antitumor antibiotics have attrued much attention as highly specific and potent antitumor 

agents which cleave both strands of DNAt. Most of the enediynes isolated from nature contain highly unusual 

oligosaccluuide moieties, and the oligosxchuide iiagment of the enediyne calicheamicin was recently shown to 

play a critical role in specific binding to DNA2. Kedarcidin chromophore is another memlxr of the family of 

enediyne antitumor antibiotics which contains the novel aminodeoxy sugar k-3. Development of 

synthetic mutes to U is essential in order to reveal its role in the biological activity of keda&dii 

chromophore. A synthesis of methyl a-kedarosaminide (9) from a 24eoxy-L-rhamnoside was recently 

descrihed4, and syntheses of two kedarosamine analogues have also been qortedW5. were we present a 

diastenx&eetive synthesis of me&y1 a--de (9) starting from D-thzeonine, which relies on the 

stenxxelective nductioa of an allyi ketone by in- hydride delivexy. 

Kedarcidin chromophorc 
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Treatment of D-threonine with Fmoc-Cl followed by 2,2-dimethoxypropane gave the No,Of+otected 

derivative 1 (Scheme 1). The acid 1 was converted into the corresponding acid chloride with cyanurlc 

chIoride7, and then into the Weinreb amide8 2. Coupling of amide 2 with allylmagnesium bromide gave the 

ketone 3 ln 79% yield. 
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*heme 1. a) Fmoc-Cl, 10% aq. NaaC03. dioxane, 100% b) 2,2-dimethoxrprouane. PTsOH, benzene, reflux. 81% cl i. 
CvMlWiC ChkXidc, pyridiiie, CH2Clz ii. h,&iiItUhyihydrOXy~e hydrOChlor&, &ridi& CH2Cl2,51% d) dlylma&c&m 
bromide, 7’HF. -78’C. 79% c) i. TFA/MeO& 911 ii. MeqNBH(OAc)g, CH3CN/HOAc l/l, -4OT, 73% fl i. 03. Me@, -78T. ii. 
pTsOH. MeOK 60% &!I 10% w/c. Pd(OAch, NtQHCO2, MeOH, 45% h) 10% w/c. Hz. HCHO. MeOH/H+ l/l. 62%. 

Conversion of ketone 3 to the diol6 requires a key stereoselective reduction and cleavage of the 

isopropylidene protective group. This was attempted lwth by reduction of 3 to give 4 followed by methanolysis 

of the isopropyIidene group (Table 1, path A), and by performing the reduction on S obtained after temoval of 

the protective group (Table 1, path B). Non_chelation reduction of 3 and 5 was expected to give a 

diastemomeric mixture, with the undesired syn isomer 7 pmdominating, as was recently reported for similar 

system@. In agreement with this expectation reduction of 3 with NaBIQ selectively gave the syn isomer 

whereas reduction of 5 with NaBH8CN was nonselective (Table 1). Reduction of 3 with DIBAL was high 

yielding. but non-selective. In contrast, l.a_chelation reduction of 3 and 5 should give the desired 

anti isomer 6. Accordingly. reduction of the fully protected 3 with Zn(BH4)2to in diethyl ether, was found to 

be higly anti selective, but proceeded in low yield due to accompauying reductive opening of the isoptopylidene 

group (Table 1. entry 4). The reductive opening was assumed to reflect too strong chelation of Zn2+ to the 

substrate, and ether wa8 therefore replaced by the stronger donor THE. Isopropylidene opening was then 

suppressed but a significant loss in diastereoselectivity in the reduction was also observed. For the B-hydroxy 

ketone 5 reduction with Zn(BI-& was not stereoselective, which could result from competing 1,2- and 1.3- 

chelation to the Fmoc-amino and hydroxyl groups, respectively. Almost complete anti-selectivity was 

reported1 1 in the reduction of N-benzyloxycarbonyl protected a-amino ketones with triethylsilane and titanium 

tetrachloride, but in our hands 3 and 5 could not be reduced with these reagents. Evans et al.12 have described 

high arm’ stereoselectivity. based on intrsmolecular 3 in reductions of B-hydmxy ketones with 

MeqNBH(OAch. Applying this protocol to ketone 5 resulted in a smooth formation of the desired ~ti alcohol 

613 in 73% yield and as a single diastcmomcr. 
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The uo&um&d anti alcohol 6 was thea~ cleaved quantitatively by ozonolysis and subsequent ring closure 

to the corresponding hemiacetal occur& spont8neously. On Matment of this he* with acidic methanol 

an anomeric mixture (a#, 441) of methyl glycosides was obtained, from which the a-anomer 8’4WaS iS&tCd 

in60%yield(Schesne l).The sWeochemistIyofthenew sdereooentas at C-l (methyl glycuside fdon) and 
C-3 (ketone reduction) was conclusively determined for componnd 8 using COSY and NOESY NMR 

spectroscopy. In this analysis the possibility for 8 and its stereoisomrs to exist in di&rent chairlike 

conformations was taken into account. The NOE observed between H-S and H-3 ruled out an axial 

configuration for the hydroxyl group at C-3. The pnsence of an NOE between H-S and the methyl glycoside, 
and the absence of NOE:s between H-l and H-3, and H-l and H-5, which were expected for the &glycoside. 

confirmed the anomeric contigumtion as a. 

Table 1. Conversion of the Ketone 3 to the Anti and Syn Alcohols 6 and 7. 

6(mrh’) 

Path B 0 - 

5 

Redudmg ageit, PUllA Path8 

Solvent 6:78 Yield(%P 6:7a ri%p 

NaB&MeOH 1:9 46 1: 

NaBH$!N. MeOH - _C 1:l 62 

DIBAL,hcxaue 2:l 90 1:1 16 

=@W2. ether 17:l W 1:l 40 

Zn(B&h. ‘I-HP 2:l 60 _C 

~$%fi/%&,~~2 - 0 0 

MeqNBH(OAc~ - _C >300:1 73 

CH$ZMiOAc l/l 
aThe antizsynmtie was m by HPLC. 
t’Co~n&+~l;_’ after the two steps and purification by flash 

crhe reduction was not -ted. 
* ~~wasisolatedin29%yield. 

7 (V) 
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CleavageofthtFmocgrwpintheaminoglycosidc%witspiperidincgaveunaodsfadory yields. Instead 

Fmoc dqmtcction was performed by catalytic @an&r hydrogendysis with ammo&m forma& and licshly 

precipitated pa&diem on charcoal 15. Attempted reductive dinte!&ylation of the resulting amine with 

formaldehydein~l~palladiumoacharcoalIlesultedinpcdolhliaantfannationaptwooxazolidines~~. 

Replacemcut of methanol as solvent by 50% aqueous methaool in the reductive mcthylation suppressed 

ftion oFt&se aide products aad 9 was obtah& in 62% yield from the preceding amint. The 1H rmd W 

NMRdatafathesyntheticroethyiu~(9)wcreingoodagramatwith~~~~tapoaed 

for 9 isolated &om aatxual somu& & ey&e&cd by Horny& et al4. 
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