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Abstract.-Rcccnt synthetic studics directcd towards the hcrbicidin class of nucleosidcs arc described. 
Aldehydc 7, incorporating the rcquisitc adcninc unit, has bccn prcparcd but failed to undergo base-induccd aldol 

reactions with kctonc 3. This problcm was ovcrcomc using the ccrium enolatc corrcspding to 3, which is 
generated from a-bmrnokctonc 9. Rcaclion of this spccics with aldchyde 7 lcads to the cnonc 8. 

The herbicidins, exemplified by herbicidin B 1, constitute a class of undecose (C11)-based nucleosides isolated 
originally from Streptomces saganonen~is.~*~ While the herbicidins are of limited biological value - they inhibit 
Xanthomam oryzae, a bacterial form of leaf blight associated with rice - their unique structure poses a series of 
interesting questions and challenges to the synthetic chemi~t .~  
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1 Herbicidin B 

Our studies have focused on two objectives. The total synthesis of npnsentative members of this class of 
natural products is our long term goal, but our initial target was to achieve the construction of the complex 

C11-glycosyl component 2. In approaching this task we identified W e  key structural features of 2 that controlled 
our synthetic planning: 

0 the plesence of a hemiketal (a masked ketone) at C-7; 
0 the proximity of the C-glycosyl linkage (C-5/C-6) to the C-7 carbonyl function; 

0 the stereochemistry at C-6, given that all the C-ring substituents must occupy an axial orientation. 

Synrhesis of Glycoside 2.-  The first phase of this programme has been successfully completed and a highly 
convergent synthesis of the C11 -glycosyl component 2 was achieved as outlined in Scheme Z.5 
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The principle features of interest in this mute were: 

regioconml of enolisation via the ether bridged bicyclic ketone 3;6 
0 an intermolecular base-mediated aldol reaction to connect the A and C-rings; 

0 stereoselective enone reduction to establish the correct configuration at C-6; 

0 regioselective bromination at C-11 to enable cleavage of the ether bridge and introduction of the required 

carboxylic acid oxidation level at this site. 

Incorporation of the adenine base.- Incorporation of the heterocyclic unit could be accomplished at various 
points on our synthetic pathway, but we were attracted towards doing this either at a very early or late stage. Late 
stage introduction of the base was studied on the model system 4 but we were unable to produce the msponding 
nucleoside 5 under a variety of conditions. 

This may be attributable to the stericdy crowded env imen t  at C-1 of 4 and this approach was set aside in 
favour of incorporation of the nucleoside unit at an early stage in the synthesis. This approach has the advantage 
that a high degree of convergency is retained although we also recognised that certain features of the chemistry 
shown in Scheme I would not be compatible with the reactivity of the adenine moiety. The synthesis of the 
requisite xylo-nucleoside aldehyde 7 is shown below in Scheme 2. 
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While the synthetic sequence was relatively straightforward, aldehyde 7 did prove to be exhemely sensitive. 
Following a Moffat oxidation of the primary alcohol derived by deprotection7 of chloroacetate 6. attempts to purify 
7 by chromatography led to essentially quantitative epimerisation at C-4'. However, this final transformation 
proceeded very cleanly and aldehyde 7 was used directly in subsequent transformations. 
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With aldehyde 7 available, we then examined its reactivity towards ketone 3 by analogy to the reaction used in 

Scheme Z. However, all efforts to achieve the analogous aldol condensation were unsuccessful; aldehyde 7 was 

simply too sensitive to the basic conditions required and no evidence was found for the formation of the desired 
enone 8 (Scheme 3). A variety of modified reaction procedures were examined but it should be appreciated that 
the aldol reaction shown in Scheme Z is also highly sensitive to the conditions employed. Fortunately we quickly 
identified a solution to this difficulty. In concurrent studies we had examined the generation and reactivity of 
enolate derivatives derived by metal-mediated reductive cleavage of the a-bromoketone 9.8 Zinc enolates derived 
from glyco~-2-ulosyl bromides have recently been described by Lichtenthaler and c0-w0rkers9 and we have 
extended these elegant studies to include cerium enolateslo derived from a-bromoketone 9. Exposure of a mixture 

of aldehyde 7 and a-bmmoketone 9 to CeCldNaI in THF (conditions repofled by FukuzawalO for simple 
a-bromoketones) gave a 40 % yield of the aldol adduct 10 (as a mixture of two diastereoisomers) which underwent 
dehydration to give the target enone 8. 

Scheme 3 
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Our immediate objective is to complete the efficient construction of the ether bridged analogue 11. This 
molecule will be used to probe the biological function and certain of the structural features of the herbicidins. 
Completion of the total synthesis of this class of natural products will q u i r e  further modifications to our synthetic 
strategy - the adenine unit will not readily tolerate radical-mediated bromination - and these studies, which are 
aimed at more highly functionalised variants of ketone 3, are underway. 
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